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Abstract  Pedestrian traffic in public space is 
associated with a level of service (LOS) that qualitatively 
describes the operating conditions according to the spaces 
available in square meters per pedestrian. Daily, people 
need to travel to their workplaces, schools, and universities, 
or to carry out any other activity using means of 
transportation such as walking, bicycle, car, or public 
transport, among others. In many cases, at least one 
walkable path is required regardless of the type of transport 
means selected to make a trip according to its accessibility. 
This article presents the analysis of piezoelectric power 
generation on the main street in the city of Barranquilla, 
Atlántico (Colombia), considering the pedestrian volume 
and the level of service of the sidewalks, according to the 
geometry of the road an energy consumption is estimated, 
then this data is compared with pedestrian accessibility 
indices (walkability index) of the city, with the aim of 
defining the functionality and applicability of the measure 
for the generation of energy from innovative and 
environmentally friendly sources. The results show that the 
city requires substantial modifications to make it more 
walkable, promoting active transportation and the 
inclusion of piezoelectric power generation strategies is an 
option to make a public space potentially sustainable. 

Keywords  Piezoelectric Power, Level of Service, 

Walkability Index, Sustainable Transport 

1. Introduction
About 55% of the world's population is located in cities 

[1] and according to the United Nations [2], these cities 
consume a large part of the energy supply and generate 
about 70% of greenhouse gas emissions. Life in big cities 
implies that people make a considerable number of trips 
involving an origin and a destination, making use of 
different modes of transportation, some of which generate 
a larger carbon footprint than others. Regardless of the 
mode of transport chosen by people when making a trip, 
walking is necessary to complete any trip. Additionally, it 
is not exclusive to transportation modes, as there are many 
other reasons why people do it, such as a physical activity 
that contributes to health, facilitates a social encounter, 
enjoyment of public space, appreciation of the landscape, 
walking pets, among others [3,4]. 

Walking is important for daily life and therefore the 
functionality of some elements of public space and road 
infrastructure prove to be of great relevance, since they 
influence the operating conditions of pedestrian traffic and 
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the experiences perceived by pedestrians when making a 
trip. To ensure an adequate level of operation and road 
safety, the implementation of devices such as traffic lights, 
public lighting, and advertising signs, among others, may 
be necessary, but at the same time, they generate energy 
consumption whose origin is linked to the burning of fossil 
fuels and, therefore, their operation is associated with 
carbon footprints as a result of combustion processes. 

In response to these problems, renewable energies have 
positioned themselves as feasible alternatives for energy 
generation within the process of independence from fossil 
fuels due to their virtually inexhaustible sources and the 
little or no environmental impact they generate. One of 
these sources mentioned is piezoelectric energy together 
with energy harvesting processes designed to collect the 
energy available in the environment, usually "wasted", to 
later transform it into electrical energy. A part of this 
unused potential comes from the footsteps resulting from 
the action of walking. Promoting walking as a sustainable 

mode of transport has several benefits, some immediate in 
health, others in the medium and long term with the 
reduction of emissions, improving the quality of the air we 
breathe, therefore, making the city more walkable and 
taking advantage of the energy generated, promotes 
sustainability and improves the quality of life. 

2. Problematic and Literature
Overview

In the public space, one of the most important 
infrastructure elements is the sidewalks, which are 
intended for the permanence and circulation of pedestrians. 
Like roads, depending on their infrastructure 
characteristics, these can be classified according to their 
level of service, understood as the qualitative description 
of the traffic conditions on the pedestrian infrastructure. 

Figure 1.  Localization of the City of Barranquilla (Atlántico) in Colombia 
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Figure 2.  Pedestrian traffic in the Historic Center of Barranquilla [5] 

Within the city of Barranquilla, which is located in the 
department of Atlántico in Colombia (Figure 1), there are 
areas with high pedestrian traffic. Only in the Historic 
Center area, there is a peak data record of 5500 
pedestrians per hour between 8:15 am and 9:15 am 
(Figure 2). Other areas with high pedestrian traffic that 
can be considered as they are places that generate a large 
gathering of people are universities, shopping malls, mass 
transport stations or recreational areas (Figure 3). 

Cities are the primary sources of CO2 emission, coming 
with energy consumption as the most significant source 
[7]. 

Recently a group of non-conventional renewable 
energies has awakened an interest to solve the growing 
energy demand. One of these is vibration-based energy 
harvesting which is known as piezoelectric energy. The 
principle involves capturing residual energy from the 
environment and then converting it into electricity by 
principles of solid mechanics such as deformation energy. 

 

Figure 3.  Gran Malecón del Río pedestrian traffic. [6] 

Taking into account that there are proven technologies 
in the market to take the energy generated by the 
pedestrian flow through the installation of piezoelectric 
tiles in areas of high pedestrian traffic, the purpose of this 
research is to estimate the potential of electricity 
generation by piezoelectric effect through the pedestrian 
mobility of the community, basing the study in a strategic 
area of the city such as 85th Street, which will be subject 
to the level of serviceability of the sidewalks. 

2.1. Energy 

The concept of energy is not a straightforward subject, 
according to Tippens [8] energy can be considered as 
something that can be converted into work. By saying that 
an object possesses energy, it means that it is capable of 
exerting a force on another object to do work on it. 
Conversely, if work is done on an object, this has been 
provided with an amount of energy equal to the work done. 
At the same time, distinguishes between two types of 
energy of great interest for mechanics: 
 Kinetic energy, understood as the energy a body has 

by virtue of its motion. 
 Potential energy, understood as the energy a system 

has by virtue of its position or condition. 

It is said that all mass (m) that has velocity (v) also 
possesses kinetic energy. However, for there to be potential 
energy it is necessary to have the potential of an applied 
force. Therefore, an object itself cannot have potential 
energy; rather, the latter must belong to the system. 

To Young and Freedman [9], the concept of energy 
arises from the principle of conservation of energy: energy 
is a quantity that can be converted from one form to 
another, but cannot be created or destroyed. Michinel and 
D'Alessandro Martínez [10], state that energy is a physical 
quantity that can present itself in various forms and give 
rise to transformation processes. However, energy can also 
adopt the concept of physical property or magnitude that 
can be transformed or transmitted and that intervenes in the 
processes of changes of state. 

2.2. Piezoelectric Effect and Energy Harvesting 

Under the approach of Erturk and Inman [11], when 
talking about energy harvesting, reference is made to 
technologies that harness wasted energy from the 
environment to provide remote sources of electrical power 
and/or recharge storage devices such as batteries and 
capacitors. 

Piezoelectricity, according to Jung, Lee, Baek, Jung, 
Yoon & Kang [12] can be understood as a strong link 
between both mechanical and electrical behavior of some 
types of ceramics and crystals. The piezoelectric effect, 
which is typically classified as direct or opposing, is 
exhibited in these kinds of materials. Therefore, whenever 
a piezoelectric material is put under mechanical stress, it 
responds to it with an electrical polarization that is 
proportional to such stress, this is known as a direct 
piezoelectric effect. Likewise, when that same material is 
exposed to an electrical polarization, the material shows an 
amount of stress proportional to the polarization field, this 
is known as the opposite piezoelectric effect. 

According to Gutierrez [12], piezoelectricity is the 
general term describing the property exhibited by some 
crystals (crystal lattices) to become electrically polarized 
when a voltage, either compressive or extensive, is applied. 
Quartz is a good example of piezoelectric material. If 



 Civil Engineering and Architecture 10(7): 2866-2876, 2022 2869 
 

compressive stress is applied to the crystal, it will develop 
an electric moment proportional to the applied force (direct 
piezoelectric effect). 

Recently, Wang, Wang, Yu, & Gao [14] studied the 
performance of piezoelectric energy collectors, proposing 
the use of collectors with elastic extensions to tune and 
increase their productivity and obtain positive results, 
supported mathematical models and numerical 
simulations. 

2.3. Renewable Energies 

According to Merino [14], among the different energy 
sources, renewable energy sources are those that are 
produced continuously. All renewable energy sources 
(except tidal and geothermal) ultimately come from the 
sun. 

Its energy causes the differences in atmospheric pressure 
that originate from the winds, the source of wind energy. It 
also causes the evaporation of water, which then 
precipitates to form rivers, which provide hydroelectric 
power. Plants and algae use the sun for photosynthesis, the 
source of all organic matter (or biomass) on Earth. Lastly, 
the sun is used directly as solar energy, both as thermal and 
photovoltaic energy. 

These sources are inexhaustible on a human scale, 
although in the case of biomass, this is true as long as 
natural cycles are respected. 

Energy from solar, biological, and geophysical origins 
can be defined as Renewable Energy that is created o 
restored by natural processes. The behavior of the 
environment presents cyclic flows of energy which 
contribute to the generation of this (Renewable Energy) 
[15]. 

According to Cuidemos el Planeta [16] renewable 
energies are those obtained from natural sources that 
produce energy inexhaustibly and indefinitely. They are 
also considered renewable when they are obtained from 
sources that regenerate naturally over time, such as the 
forest mass. 

2.4. Level of Services (LOS) 

According to the National Research Council [17] quality 
of service requires a quantitative measure to characterize 
the operational conditions within a flow, whether 
pedestrian or vehicular. Level of service (LOS) is the 
qualitative measure that describes traffic conditions, 
generally, in terms of speed and travel time, freedom to 
maneuver, interruptions, comfort, and convenience. 

Six levels of service are defined (Table 1) for each traffic 
condition. Each level is assigned a letter, representing 
operating conditions, being A better and F worst. 
Pedestrians’ perception is having into account to classify 
those LOS. Safety is not considered. 

Table 1.  Classification of service levels [17] 

LOS Space (m2/p) 

A > 5.6 

B > 3.7-5.4 

C >2.2.-3.7 

D >1.4-.2.2 

E >0.75-1.4 

F ≤0.75 

2.5. Walkability Index 

According to Agampatian [18], the characteristics of the 
built environment may condition people’s decision to walk. 
Therefore, measurable features can help determine the 
extent to which the built environment affects people. 
Composite measures involving several environmental 
variables, also known as accessibility rates, are one method 
of measuring the degree to which an area offers 
opportunities to walk to various destinations or also to 
walk for pleasure, exercise or recreation, to access services, 
and even to commute to work [19]. 

2.6. Sustainable Transportation 

According to the High-level Advisory Group on 
Sustainable Transport [20], sustainable transport is the 
provision of transport infrastructure services for the 
mobility of people and goods, promoting the 
socioeconomic development of current and future 
generations, making mobility safe, affordable, accessible, 
efficient and resilient, minimizing externalities that affect 
the environment. As established in target 11.2 of 
Sustainable Development Goal 11 by the United Nations 
[21] is a priority to provide a transport system that is safe, 
accessible, affordable and sustainable, by the year 2030; in 
conjunction with other SDGs, prioritizing actions that 
promote the shift to sustainable modes of transport is a 
necessity. Encouraging active transport (walking and 
cycling) is one of the main elements in the transition to 
sustainable mobility in urban areas [22]. 

3. Methodology 
Initially, a review of the state of the art was carried out 

in order to obtain relevant information about piezoelectric 
energy, such as its concept, and piezoelectric materials, as 
well as references and statistics of places where this 
energy production option has been implemented. 

In order to establish the levels of service of the 
sidewalks along the study section, multiple measurement 
days were carried out with the aim of recording the 
geometric dimensions of these; with the help of 
flexometers and a decameter type measuring tape, the 
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widths and lengths of the pedestrian paths of 85th street in 
the city of Barranquilla were obtained, in addition to the 
areas occupied by those elements that may result in 
alterations of pedestrian flows, as well as a one-hour 
pedestrian count per section. 

The estimation process of the number of steps present 
in each level of service of the previous analysis was 
estimated considering the cadence and then with that 
amount and the average weight of a person, by using 
equations the energy potential produced in each level 
studied was calculated. Subsequently, the total energy 
produced at each level of service of all sections of the 
analyzed street was estimated, to make an approximate the 
total amount of energy capacity in the corridor, and from 
this, the energy production capacity was also related to a 
reduction in CO2 emissions, additionally, a projected 
annual consumption of the corridor was estimated 
considering average values of illuminance and 
consumption in square meters according to the installed 
power. 

Finally, existing studies of the accessibility indexes in 
the city were verified to identify if the city is really 
walkable and if eventual improvements are required to 
encourage walking and if it is feasible to propose this 
alternative as a sustainable solution for public space. 

4. Results 

4.1. Levels of Service and Energetic Potential 

From the field measurements taken in the study section, 
which was divided into sections limited by the avenues that 
intersect 85th Street in the city of Barranquilla, the 
geometric dimensions of the platforms were obtained, as 
well as the pedestrian flow on the sides of each avenue 
(Left Side, Right Side), from which the levels of service of 
the section under study were specified (Table 2). 

Then, based on the calculated area, the number of 
pedestrians and the level of service, the density of 
pedestrians per square meter associated with each level of 
service was calculated (Table 3). 

Following the calculations, based on the pedestrian 
density and service levels, an average density associated 
with each level was determined, and taking into account 
the average speed (1.1 m/s), cadence (1.91 steps/s) and the 
average weight of Colombian pedestrians (70.35 kg), an 
energy associated with the service level of this particular 
road was estimated, to subsequently determine the energy 
potential of the entire road itself for each hour (H) (Table 
4). 

Table 2.  Dimensions, pedestrian flows and operating conditions of 85th Street sidewalks 

Section Pd L Pd R Length (m) Width L 
(m) 

Width R 
(m) LOS L LOS R 

1 272,00 198,00 72,00 1,09 1,26 F F 

2 74,00 97,00 85,00 1,39 1,97 D E 

3 15,00 13,00 77,00 1,11 1,36 A A 

4 25,00 17,00 87,00 1,37 4,60 B A 

5 31,00 23,00 85,00 1,26 4,00 C B 

6 27,00 21,00 84,00 1,08 1,19 C B 

7 36,00 40,00 140,00 1,35 1,37 B B 

8 78,00 50,00 90,00 1,54 3,83 D C 

9 64,00 100,00 110,00 1,31 1,20 C D 

10 91,00 83,00 110,00 1,90 2,03 C C 

11 69,00 97,00 84,00 1,24 1,22 D E 

12 56,00 51,00 84,00 1,20 1,23 D D 

13 28,00 44,00 91,00 3,51 1,25 A A 

14 36,00 114,00 92,00 1,25 1,24 C E 

15 16,00 68,00 270,00 1,29 1,57 A B 

16 33,00 32,00 220,00 0,80 1,26 B B 

Where: 
Pd: Pedestrian 
L = Left 
R = Right 
LOS = Level of Service 
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Table 3.  Density of pedestrians per area in each section of the street 85 

Section LOS L LOS R Left Area (m2) Right Area 
(m2) 

Density 
Left (Pd /m2) 

Density 
Right (Pd /m2) 

1 F F 78,48 90,72 3,47 2,18 

2 D E 118,15 167,45 0,63 0,58 

3 A A 85,47 104,72 0,18 0,12 

4 B A 119,19 400,20 0,21 0,04 

5 C B 107,10 340,00 0,29 0,07 

6 C B 90,72 99,96 0,30 0,21 

7 B B 189,00 191,80 0,19 0,21 

8 D C 138,60 344,70 0,56 0,15 

9 C D 144,10 132,00 0,44 0,76 

10 C C 209,00 223,30 0,44 0,37 

11 D E 104,16 102,48 0,66 0,95 

12 D D 100,80 103,32 0,56 0,49 

13 A A 319,41 113,75 0,09 0,39 

14 C E 115,00 114,08 0,31 1,00 

15 A B 348,30 423,90 0,05 0,16 

16 B B 176,00 277,20 0,19 0,12 

Table 4.  Energy potential according to LOS and total potential for the 85th street, both in kWh/H 

LOS AVG density (Pd /m2) T (s) Steps E (J/LOS) E LOS (kWh) E LOS 
(kWh/H) 

E 
(kWhVia)/(H) 

F  2,82 2,57 4,90 44,00 1,2E-05 4,4E-02 7,44 

E 0,84 0,77 1,46 13,11 3,6E-06 1,3E-02 4,04 

D 0,61 0,55 1,06 9,50 2,6E-06 9,5E-03 6,62 

C 0,33 0,30 0,57 5,11 1,4E-06 5,1E-03 6,31 

B 0,17 0,15 0,29 2,63 7,3E-07 2,6E-03 4,78 

A 0,14 0,13 0,25 2,24 6,2E-07 2,2E-03 3,07 

      Total 32,26 

Where: 
AVG: Average 
E: Energy 
T: Time 

4.2. Energy, Reduction of CO2 and Consumption 

As in the initial calculations, only the hourly energy 
potential of the road was estimated, we will proceed to 
consider that the occupancy of the road can be similar in a 
time slot of the day with a periodicity of five days a week. 
Considering then an average pedestrian density in 4 hours a 
day for 5 days a week (Considering a similar flow in the 
hours of 8:00-9:00, 12:00-13:00, 14:00-15:00 and 
18:00-19:00), during the 52 weeks of the year, the annual 
energy potential of the road is: 

32,26𝑥𝑥4𝑥𝑥5𝑥𝑥52 = 33550,4𝑘𝑘𝑘𝑘ℎ           (1) 

The calculation of the carbon dioxide reduction 
associated with this energy production is made by taking as 
a reference the emission factor of CO2, which for electric 
power is 0,16438 KgCO2 eq/Kwh. 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐶𝐶𝑂𝑂2 = 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 [𝑘𝑘𝑘𝑘ℎ]

𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦
∗ (0,16438 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘_2 𝑒𝑒𝑒𝑒)/𝑘𝑘𝑘𝑘ℎ (2) 

Therefore, the CO2 reduction of the roadway is: 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐶𝐶𝑂𝑂2 = 

33550,4 𝑘𝑘𝑘𝑘ℎ/𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 ∗ (0,16438 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘_2 𝑒𝑒𝑒𝑒)/𝑘𝑘𝑘𝑘ℎ =
5515,01 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘_2 𝑒𝑒𝑒𝑒             (3) 
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The energy consumption in terms of street lighting of a 
road will depend on the size of the road, not only 
considering the width of the sidewalks, but also the width 
of the vehicular roadway. These geometrical data will be 
important in the lighting design, as well as the normative 
stipulations that regulate the illuminance required in the 
spaces, from these it will be possible to calculate the 
installed power that is required to guarantee an optimal 
design, in terms of energy efficiency. 

As stipulated by Calvo González [23], in the lighting 
calculations for a lighting project for the town of Parla in 
Madrid, the average illuminance (lx = lumen/m2) for public 
lighting varies between 9.52 and 31 and the consumption 
associated with that illuminance varies between 0.126 - 
0.746 Wh/m2 for each hour of use. 

Considering then for 85th Street, our study road, a 
design with an average illuminance of 20 lx with an 
associated consumption of 0.44 Wh/m2, and the geometric 
data in Table 5, we can estimate a projected annual 
consumption of 38442.2 kWh, in which the use of 12 hours 
per day of the installed power is expected, in the time slot 
from 18:00 to 06:00. 

4.3. Accessibility in Barranquilla 

Considering that the decision to walk depends on the 
built environment, it is important to account for the 
accessibility index to verify how feasible it is to actually 
walk on a sidewalk and that the necessary conditions are 
provided for safe pedestrian transit. Arellana Guzmán [24] 
based on surveys conducted by Saltarín Molino [25] in the 

city of Barranquilla, the variables that have the greatest 
impact on the accessibility index are five, which are as 
follows: 
1. Mobility of the sidewalk: in the perception of the 

users, the most important aspect of pedestrian 
mobility is that the platform is in good condition and 
that there are no obstacles. 

2. Safety in the event of an accident: Users perceive that 
the most important thing when moving along a 
roadway is the traffic control devices. 

3. Safety from robberies: The perception of users is that 
it is preferable to know that there are security cameras 
or police officers when circulating on a road. 

4. Sidewalk comfort: For pedestrians, it is essential that 
the roads are clean and have trees. 

5. Attractiveness: In the perception of pedestrians, the 
most attractive thing that sidewalks should have, is 
accessibility to public transportation and shopping 
areas. 

Arellana Guzmán [24], determined the accessibility 
index of several roads in the city of Barranquilla, and 
classified them on a scale of 0 to 1, where 0 is the worst 
conditions (impassable section) and 1 is the best (Figure 3). 

As can be seen in Figure 4, and according to the findings 
by Arellana Guzmán [24], the vast majority of the 
sidewalks parallel to the roads do not meet the 
requirements to be considered the most appropriate for 
walking in terms of comfort, safety and mobility, and part 
of those sections analyzed also have deficiencies in their 
structural conditions, since more than 75% have an 
accessibility index below 0.4. 

Table 5.  Energy potential according to LOS and total potential for 85th street, both in kWh/H 

SW (m) RW (m) TW (m) L (m) A (m2) C (Wh/m2H) I (lx) C (kWh/H) AC kWh/año 

1,6 8,0 11,2 1781,0 19947,2 0,44 20,0 8,8 38442,2 

Where: 
SW: Sidewalk Width 
RW: Road Width 
TW: Total Width 
L: Length 
A: Area 
C: Consumption 
AC= Annual consumption 
I= Illuminance 
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Figure 4.  Walking accessibility index in the main roads of Barranquilla (Map elaborated in Qgis) [24] 

  

 (a)                                                                    (b) 

Figure 5.  (a) and (b) Sidewalk slopes in the city of Barranquilla. [26] 

Likewise, according to the information reported by El 
Heraldo [26], 51% of the sidewalks in the city of 
Barranquilla do not comply with the regulations that 

govern them. One of the main causes of this is the arbitrary 
modification of levels by homeowners or neighboring 
buildings (Figure 5), this unfortunate situation has existed 
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for a long time as mentioned by the spokesman of the 
Office of Urban Control and Public Space. In terms of 
environmental sustainability, this article highlights the 
establishment of the Public Space Manual, which indicates 
that future public space is oriented by a commitment to a 
sustainable city and seeks to address phenomena such as 
global warming and the greenhouse effect. 

5. Discussion 

5.1. Sustainable Transportation, Walkability and 
Energy 

Taking into account the above, it is important to note 
that promoting walking reduces gas emissions by 
promoting means of transportation other than those 
operated with fuel, but for there to be an effective and 
continuous transit of pedestrians on the sidewalks and 
public spaces in general, it must be walkable space. 
Therefore, minimum standards must be in place to ensure 
safe mobility. 

According to the results obtained and the identification 
of the deficiencies that exist in the sidewalks of the city of 
Barranquilla, it is necessary to modify this public space to 
make it really walkable. The modifications that are 
demanded imply that these needs and requirements must be 
involved in the land use plans of the city in the near future, 
so that this public space is really oriented towards the 
achievement of a sustainable city, which promotes walking 
as a means of transportation, reducing emissions, based on 
walkable spaces and that in turn, in the construction 
considerations of these spaces, elements that take 
advantage of the piezoelectric potential of this transit are 
involved. 

If we really want to take advantage of the true energetic 
potential of a road, it must first be attractive to pedestrians 
in terms of walkability, therefore, it must have a 
walkability index at least higher than 0.7 so that the use of 
walking as a means of transportation is encouraged, and the 
traffic along it is safe, ensuring an average level of service 
that contributes to generating a considerable amount of 
energy, making this a potentially sustainable public space. 
There are certain limitations in the use of the energy 
potential, since the pedestrian flow is not constant 
throughout the day, nor similar on all roads. For this reason, 
the reforms in these issues should be oriented to those 
spaces that are constantly passable over a period of time, 
such as approach platforms to public transportation waiting 
for areas, purely pedestrian roads or recreational spaces 
where the pedestrian flow is considerable. 

5.2. Public Space and Walkability 

Reflecting on the concept of "Sustainable Urban 
Mobility Plans" which initially originated in Europe, under 
the slogan "Planning for people", it is important to 
prioritize the quality of life rather than just focusing on 

traffic and traffic speed [20]. Therefore, the public space 
approach is important in this prioritization, or as mentioned 
by ONU HABITAT [27] there must be an immediate 
adaptation between the urbanistic, mobility and public 
space spheres, the latter is the basis of the understanding of 
the city and is being transformed with light measures of 
easy implementation that involve the citizenship. 

Now, understanding the sidewalks as public spaces and 
in accordance with the provisions established by Dos 
Santos, Schmitt Caccia, Barbosa Samios, & Zoppas 
Ferreira [28], in “The 8 principles of sidewalks” created to 
understand what is essential for creating good quality 
sidewalks, they conclude that the principles to consider are: 
Adequate size, universal accessibility, safe connections, 
clear signage, attractive spaces, permanent safety, quality 
surfaces and effective drainage. These principles are of 
vital importance to make a sidewalk a determining factor in 
the decision to choose to walk, and taking into account the 
results of Barranquilla's walkability index, it is necessary 
to apply important reforms in terms of urban planning for 
the walkable public space. 

Right now, the development plan "Soy Barranquilla 
2020-2023" is underway, among the challenges has to 
conceive Barranquilla as a Connected City, which provides 
spaces and means in which people can interact, mobilize 
and weave human capital, one in which citizens can move 
and interact with each other. This can be achieved by 
investing in the development of roads, public space, and 
intra-urban mobility, among other measures aimed at 
connecting people with people [29]. 

It is not a distant thought then, that those reforms that are 
required to plan for people and their quality of life, involve 
not only those that make public space walkable by creating 
good quality sidewalks that promote walking and 
consequently improve important aspects of their health, but 
at the same time involve other additional elements within 
the design of public space, such as piezoelectric tiles that 
make this space a potential energy generator. 

5.3. Sustainable Cities 

By studying the relationship generated between man and 
the social, environmental and urban surroundings, we 
realize that transit, especially the walkability of people 
from one place to another, allows the city where they live 
to be alive and must have the necessary adaptations to meet 
the needs of mobility, according to the guidelines of 
sustainable development. 

This shows the importance that public space represents 
for the life of human beings and how all physical elements 
must be adapted to meet the needs of mobility in the city. 
Hence, the national legal system contemplates normative 
guidelines capable of defining and regulating public space 
and the rights that are exercised in it. The public space 
contemplates a cultural and social dimension that allows 
processes of identification and community relations to take 
place, a fact that structures it as a modeling axis of the 
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cities. 
Thus, in Colombia, Decree 1504 of 1998 in Article 2 

defines public space as: 
“set of real estate, architectural works and infrastructure, 

and natural resources destined to the satisfaction of 
collective urban needs that transcend the limits of the 
individual interests of its inhabitants.” [30] 

Therefore, it is relevant to implement actions aimed 
towards achieving the development of sustainable public 
and urban spaces in order to protect natural resources and 
guarantee the right to a healthy environment. 

This is intrinsically related to the concept of 
sustainability, especially in terms of mobility, construction 
of structures and management of spaces in cities, which 
have taken on a preponderant role in the life of human 
beings. Therefore, walking is instituted as an alternative 
means of sustainable mobility within the cities, even more 
so when it requires mobilization on foot, since it is 
necessary to have access to goods and services on a 
permanent basis; in addition to the fact that walking 
represents an important element in public health issues. 

6. Conclusions 
Public space should be oriented to people, seeking to 

improve their quality of life, and this general consensus is 
important in terms of sustainability in the future of cities. 
Rethinking how this space is conceived, leads us to analyze 
all the dynamics that are framed in it, not only in terms of 
circulation, but also in terms of its effective use. According 
to what has been studied, it is concluded that there is a need 
to improve it in the city of Barranquilla in order to promote 
its efficient use. 

In terms of walkability, the data obtained are very 
discouraging, because despite having many roads that 
prioritize and optimize vehicular traffic, the sidewalks 
adjacent to them do not invite pedestrians to use them, 
since their indexes are below 0.4. Without a walkable 
public space, it is not possible to have a considerable flow 
of pedestrians circulating "comfortably" on a sidewalk, but 
this weakness is seen as an opportunity for improvement in 
the near future. 

Seeing then the case of 85th Street in Barranquilla, 
which presents a considerable pedestrian circulation even 
with the difficulties of the walkability of the city and its 
possible energy potential according to its current 
pedestrian flow, it is expected that with certain 
improvements the transit through the same becomes more 
enjoyable for the user and that this flow in turn increases 
without compromising pedestrian comfort conditions 
Improving this space would not only involve encouraging 
active transportation (walking), but, if these reforms 
include elements that involve "energy harvesting" 
technology, it would mean taking advantage of the energy 
wasted by the environment. This street alone is estimated 

to generate approximately 33500 kWh per year if 
piezoelectric tiles were implemented in their entirety (in an 
idealized scenario), with this amount of energy it would be 
possible to cover part of the energy demand requested by 
public lighting (approximately 80-85%). 

There are limitations to the applicability of this 
alternative related to the service levels of the sidewalks, 
since low flow, would imply little energy generation, 
therefore, it was required to make localized feasibilities 
according to the uses of the road sections. According to the 
above, the piezoelectric energy alternative would be better 
applicable (in a real scenario) in areas of approach to public 
transport stops, purely pedestrian roads (as in the case of 
the historic center) or public recreational spaces where 
circulation is constant in time slots and with levels of 
service that are suitable for generating useful amounts of 
energy, compared to the investment of the inclusion of this 
technology. 

Finally, these alternatives could not only be applied 
within a local scenario, as is the city of Barranquilla, since, 
in the case of Colombia but there are also cities that have 
greater pedestrian traffic such as Medellin and Bogota, 
where it would be important to study this feasibility. 
Likewise, the promotion of sustainable transportation is 
being applied in most of Latin America and studying the 
inclusion of this type of energy generation alternatives and 
their eventual implementation would be something of great 
value in the joint purpose of achieving sustainable cities in 
the near future. 
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