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Abstract— An EEG pattern is defined as recurrent waveforms 
that occur regularly and have similar shape and duration. The 
identification of voltage and frequency patterns for EEG signals 
can be applied in different areas of medicine such as diagnosis, 
rehabilitation, and communication with external support devices. 
This paper presents an investigation performed at the Universidad 
Autónoma de Querétaro, Facultad de Ingeniería. The objective of 
the research was the implementation of a BCI (Brain Computer 
Interface) system for the characterization of voltage and 
frequency patterns for EEG (electroencephalogram) signals. In 
the tests carried out, the noise and interference levels were 
verified. The system was divided into three parts; the first part was 
the electronic part that helps in the amplification and conditioning 
of signals, the second part was the signal acquisition system and 
the implementation of algorithms for processing and the last stage 
was the Graphical interface to show the obtained results. The 
graphical interface was developed in LabView and the system for 
signals acquisition in a DSP (Digital Signal Processor). 

Keywords—EEG; BCI; voltage and frequency patterns; DSP; 
LabView. 

I. INTRODUCTION  
The brain is the control center of the human being, which 

receives information from all parts of the body and sends orders. 
The brain is made up of specialized cells called neurons. 
Neurons are composed of a cell body, a nucleus, dendrites and 
an axon. In Fig. 1 is shown the neuron and its interactions. 

 

Neurons are electrically excitable cells, process and transmit 
information via chemical and electrical signals. Although most 
electrical currents remain within the cerebral cortex, a small 
fraction penetrates the scalp, which causes different parts of the 
scalp to have different electrical potentials. These differences 
vary in amplitudes of 10-100uV and are detected by electrodes; 
these signals are called EEG signals. Electroencephalography 
(EEG) is one of the techniques of neuroscience, which is based 
on the recording of brain bioelectrical activity. The EEG is a 
study widely used in medicine due to its wide field of 
applications, which is a non-invasive, portable and inexpensive 
technique compared to other methods. In Fig. 2 is shown the 
acquisition of EEG signals [2], [3], [7]. 

 
 

 
Technical characteristics of EEG signals:   

• They have amplitudes ranging from 10uV in the 
cortex to 100uV in the surface of the scalp. 

• Their frequencies are between 0.5Hz and 100Hz. 
• They depend on the degree of activity of the 

cerebral cortex. 
• They are non-periodic signals. Fig. 1. The neuron and its interactions.  

Fig. 2. Acquisition of EEG signals. 



 
 
 

 

• Normal rhythms are often classified as alpha, beta, 
theta, and delta:  
   • Alpha waves (α) have frequencies between 9Hz 
and 12Hz. They are recorded in normal subjects 
without activity and with closed eyes, especially in 
the occipital area.  
   • Beta waves (β) have frequencies between 13Hz 
and 30Hz but can reach up to 50Hz. They are 
mainly found in the parietal and frontal regions. 
They are divided into two fundamental types, with 
very different behavior, beta1, and beta2. Beta1 
waves have a double frequency to beta2 waves.  
• Theta waves (θ) have frequencies between 5Hz 
and 8Hz and occur in childhood, but adults can also 
present them in periods of emotional stress and 
frustration.  
• Delta waves (δ) have frequencies below 4Hz and 
occur during deep sleep, in childhood and severe 
diseases of brain organs. 
 

Recently a fifth band called gamma (γ) has been found 
between 22Hz and 40Hz, related to the result of attention or 
sensory stimulation; which has a very low amplitude (2uV).   

   
A brain-computer interface (BCI) is a means of 

communication that is mainly based on the acquisition of brain 
waves using the EEG or some other technique so that later they 
are processed and interpreted by a computer. One of the primary 
applications of the BCI is the identification of voltage and 
frequency patterns of the EEG study since these can help us for 
the diagnosis, the rehabilitation of disabled people, and 
communication with external help devices. In Fig. 3 is shown 
the essential parts of a BCI system [10], [12], [13]. 

 

 

EEG in a system BCI is widely used in compared to other 
neural techniques. It is a tool of great help for the diagnosis and 
monitoring of some pathologies, such as epilepsy, 
encephalopathies, alterations in the state of consciousness or 
infections of the central nervous system [1], [5], [6]. 

 

An EEG pattern is defined based on its: 
• Frequency (number of waves per second, Hertz (Hz)). 

• Voltage (uV). 
• Topography (location). 
• Morphology (shape of the wave). 
• Symmetry (interhemispheric). 
• Character of occurrence (random, continuous, rare, with 

some sequence of presentation, very frequent). 
• Reactivity. 
• Modulation (amplitude regulation according to 

frequency). 
 

However, the most important factors are the amplitude and 
the frequency of the signals. The objective of this research work 
is the implementation of a BCI system for the identification of 
Voltage and Frequency Patterns [1], [ 8], [9], [11]. 

II. MATERIALS AND METHODS 
The research was done in the facilities of the Universidad 

Autónoma de Querétaro at the Facultad de Ingeniería, since last 
year. The main materials to be used for the development of the 
project are the following: surface mount electrodes with gold 
discs and shielded cable, electronic card for the acquisition of 
EEG signals, materials for the application of electrodes 
(conductive paste, cotton, alcohol, and clamps), and a hp 
computer (Intel Celeron N3050 processor, 4GB memory, and 
1MB hard disk) for the graphical interface. 
 

Interface

Brain Activity  
 

 
        

The methodology is divided into four parts; the first part is 
the bibliographic search that allowed to know the state of the 
art of BCI systems. The second stage was the implementation 
of an electronic phase for the amplification and conditioning of 
the EEG signals. Fig. 4 illustrates the steps of the project. 

A. Amplification and Conditioning of the EEG Signals 
Recalling some of the properties of the EEG, its amplitude 

is of the order of uV, and its frequency is between 0-100Hz. 
According to the above, it is essential that in the second stage 
conditioning and amplification is added to the signals. The 
conditioning is integrated by analog bandpass filters and analog 
band rejection filter using operational amplifiers.  

Fig. 4. Stages of the BCI system. 
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Fig. 3. Parts of a BCI system.  



 

 

The amplification stage is constituted by instrumentation 
amplifiers with high noise immunity, and the amplification is 
adjusted to the voltage levels detected by the ADC. The system 
is powered by rechargeable batteries to avoid interference from 
the electrical network. 

 

Electrodes Amplification Analog filter 
application

Analog bandpass filters and an analog band 
rejection filter using operational amplifiers

 
 

 
The signals are acquired by contact electrodes that are 

placed on the scalp with the help of a conductive paste; then the 
signals pass through the conditioning and amplification stage. 
The number of channels and their location conform to the 
reduced Ten-Twenty International System. It is important to 
mention that the electrodes are contact sensors that function as 
an input element, so there is no risk to the patient and they can 
be placed even though people have hair or not. A conductive 
paste is used to position the electrodes; this paste is used to 
adhere electrodes topically on intact and healthy skin only. The 
conductive paste is made from a mixture of water, glycerin, 
calcium carbonate, potassium chloride, white gel, sodium 
chloride, polyoxyethylene (20) sorbitol, and methylparaben. 

B. Signal Acquisition and Processing System 
The signal acquisition system has eight channels which 

were strategically accommodated in the reduced 10-20 
International System. The selected positions were frontal, 
occipital, and parietal. In Fig. 7 is shown the arrangement of the 
electrodes. 

 

 
 

 
 
After the signals pass through the conditioning and 

amplification stage, they are converted from analog to digital 
signals with the help of an ADC and their information is stored 

and processed with a DSP device. The ADC that is used to have 
a sampling time that can be modified, its communication is 
through SPI (Serial Peripheral Interface), and it is a specialized 
device for biopotential applications. 

 
The third stage is the signal acquisition and processing 

system. This stage contains the reading of the ADC and the 
implementation of algorithms for the processing of EEG 
signals. Once the signals are digital, processing techniques are 
applied to help analyze the signals in the frequency domain and 
then digital filters are used to eliminate noise due to the 
equipment and the person. 
 

The Fast Fourier Transform (FFT) is used for the processing 
of the EEG signals. The FFT helps to pass the time domain 
information to the frequency domain since having the 
information in the frequency domain allows identifying the 
patterns. 
      

After the digital signal was processed, the information is 
sent to a computer. In Fig. 8 is shown the activities for which 
the DSP is responsible. 

 

Reading ADC
Application of analysis 

techniques for EEG, 
processing

Communication 
with the computer 

SPI

Applicatio of digital filter for the conditioning 
of EEG signals, bandpass filters of different 

order and filter notch

 
 
 

C. Application  
The last stage was the design and implementation of a user-

friendly graphical interface that allows to interpret the results 
and the identification of voltage and frequency patterns. Once 
the results are shown graphically, the analysis can be 
quantitative or qualitative, in our case it was qualitatively. Fig. 
8 shows the internal structure of the complete system. 

 
The tests were applied to people between 16 and 20 years 

old and each of the tests lasted from 30 to 45 min. The minimum 
time for an EEG study is 30 min and a range of ages should be 
defined to apply the test since according to the corresponding 
standards for an EEG study, the response of an EEG can vary 
according to age. In each study it was verified that the noise and 
interference levels were within the allowed limits. From the 
studies carried out, a database was generated and compared 
with databases generated by other equipment. 

 
 
 

Fig. 7.  Arrangement of the electrodes: A. Profile view, B. Top view. 

Fig. 6. Internal structure of the BCI system. 

Fig. 5. Conditioning and amplification stage. 



 
 
 

 

 
 

III. RESULTS AND DISCUSSION 
In the identification of patterns, it is important to consider 

the frequency, amplitude, topography, morphology, symmetry, 
the level of occurrence, reactivity, and modulation; however, 
the two most important characteristics are amplitude and 
frequency. To compare the results of an EEG it is essential to 
take into account the health conditions of the person, and their 
age mainly, since according to these characteristics the results 
are changed. The electrodes were stained in: F2 (frontal 2), F4 
(frontal 4), Cz (vertex), C4 (vertex 4), C3 (vertex 3), Pz 
(parietal), FP1 (frontal parietal 1), O1 (occipital) and T4 
(reference, lobes of the ears), Fig. 7.  

 
Once the results of the EEG tests were obtained, they were 

compared with databases to verify that the noise and 
interference levels were within the permitted limits according 
to other similar studies.  In Fig. 9 is shown an EEG test 
performed. 
 

 
 

       

 

 
 

In Fig. 10 is shown the proposed interface, and the pattern 
identified when a person closes the right hand. In Fig. 11 is 
shown the BCI system implemented. According to the analysis 
of the results, it can be stated that it is possible to identify 
voltage and frequency patterns of EEG signals by using our BCI 
system and that can oscillate between 94 and 97% of the data 
sample. Also, the system has a graphical interface in which it is 
possible to modify different parameters of the study, such as the 
sampling frequency, the filter order and the frequency range in 
which it is applied, among others.  

Fig. 8. Internal structure of the complete system BCI. 

Fig. 9. EEG analysis. 

Fig. 10. Graphic interface proposed for EEG analysis. 



 

 

 
 

IV. CONCLUSIONS 
According to the analysis of the results, it can be concluded 

that the identification of EEG patterns is possible through the 
use of our BCI system. This work constitutes a significant 
contribution to the improvement of the BCI systems and the 
implementation of more reliable biofeedback techniques to the 
same electroencephalographic pattern. 
        

The EEG is widely used in comparison with other neuronal 
techniques because it is not invasive, dangerous and does not 
require any surgical intervention. Although the EEG signals are 
not linear, chaotic or predictive, it has patterns related to the 
central nervous system which allows us to identify specific brain 
diseases and communication with external support devices. 
 

BCI systems can be easily affected by the noise generated by 
the acquisition system or by the noise generated by the person, 
so it is very important to implement both digital and analog 
filters for their conditioning. In our case, analog broadband 
filters and low pass digital filters were added, high passes and 
noch and noch rejection.  

 
The developed system has the ability to have an open 

architecture which allows us to make changes in the internal 
structure, modernize the equipment, and add new tools. Also, it 
is a portable non-invasive system with a wide field of 
applications in the area of medicine. As future work will be 
implemented some other techniques for the conditioning of 
signals. 

V. IMPACT 
This work helps future research carried out at the 

Universidad Autónoma de Querétaro focused on the processing 
and acquisition of biopotentials. 

ACKNOWLEDGMENT  
To the Unidad de Investigación en Neurodesarrollo, UNAM 

and especially to MC. Héctor Belmont Tamayo for his support 

during the project. This research was supported by Dr.  Juvenal 
Rodríguez Reséndiz and the UAQ for providing financial and 
academic support.  

REFERENCES 
[1] L. Thu, and N. Hong “Automatic skin lesion analysis towards melanoma 

detection,” 21st Asia Pacific Symposium on Intelligent and Evolutionary 
Systems (IES) IEEE, pp. 106-111, 2012.  

[2] V. Bandara, A. Jumpei, and K. Kazuo “Task-based motion intention 
prediction with EEG signals,” International Symposium on Robotics and 
Intelligent Sensor, 2016 IEEE, pp. 57-60, 2016.  

[3] M. Colin, C. King, T. Wang, S. Cramer, N. Zoran, and A. Do “Brain-
controlled functional electrical stimulation for lower-limb motor recovery 
in stroke survivors,” IEEE Journal of Solid-State Circuits, pp. 1247–
1250. 

[4] “Encuesta Nacional sobre Discriminación en México (Enadis)”, Personas 
con dispacidades, 2014 [Online]. Available:   
http://conadis.gob.mx/gob.mx/transparencia/transparencia_focalizada/La
_Discapacidad_en_Mexico_datos_2014.pdf. [Accessed: Jun 22, 2017] 

[5] A. Fares, B. Tong, and K. Masahi, “Stress assessment based on decision 
fusion of EEG and fnirs signals,” IEEE Journal of Solid-State Circuits, 
vol. 5, pp. 19889-19895, 2014. 

[6] M. Jianjun, D. Taylor, M. Kaitlin, S. Nicholas, H. Jeffrey, and H. Bin, 
“Effects of sft Drinks on Resting State EEG Brain-Computer Interface 
Performance,” IEEE Journal of Solid-State Circuits, vol. 5, pp. 18756-
18762. doi: 10.1109/ACCESS.2017.2751069 

[7] J. Xu, B. Busze, H. Kim, K. Makinwa, C. Van, and R. Firat  “A 60nV/√
Hz 15-Channel digital active electrode system for portable biopotential 
signal acquisition,” IEEE Journal of Solid-State Circuits, pp. 424–426.  

[8] Y. Lin, Y. Xu, and J. Meng, “BCI-implicative ideals of BCI-algebras,” 
Information Sciences, vol. 177, pp. 4987-4996, 2007. 

[9] C. Stefano, R. Attux, and G. Castellano, “Can graph metrics be used for 
EEG-BCIs based on hand motor imagery?” Biomedical Signal Processing 
and Control, vol. 40, pp. 359-365, 2018. 

[10] G. Lange, C. Yee, K. Johar, F. Akthar, and F. Kamaruzaman, 
“Classification of Electroencephalogram Data from Han Grasp and 
Release Movements for BCI Controlled Prosthesis,” Procedia 
Technology, vol. 26, pp. 374-381, 2016. 

[11] P. Amorim, T. Moraes, D. Fazanaro, J. Silva, and H. Pedrini, 
“Electroencephalogram signal classification based on shearlet and 
contourlet transforms,” Expert Systems with Applications, vol. 67, pp. 
140-147, 2017. 

[12] Z. Iscan, Z. Dokur, and T. Demiralp, “Classification of 
electroencephalogram signals with combined time and frequency 
features,” Expert Systems with Applications, vol. 38, pp.10499-10505, 
2011. 

[13] R. Upadhyay, A. Manglick, D. Reddy, P. Padhy, and P. Kankar, “Channel 
optimization and nonlinear feature extraction for Electroencephalogram 
signals classification,” Computers & Electrical Engineering, vol. 45, pp. 
222-234, 2015. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11. BCI system. 



 

 

Studies on statistical bias in Cosmology 
 

L. Herrera-Zamorano, and A. Hernández-Almada* 
Facultad de Ingeniería 

Universidad Autónoma de Querétaro 
Centro Universitario Cerro de las Campanas 76010 

Querétaro, México 
*ahalmada@uaq.mx 

 
 

Abstract—Based on LambdaCDM model and using 
Observational Hubble Data (OHD) and Supernovae type Ia (SNIa) 
sample, we study a possible bias due their limited statistics. We 
develop an algorithm with the purpose of having the parameters 
best fits of the Lambda CDM model for several statistics size by 
selecting with Monte Carlo Methods subsamples with 50%, 75%, 
and 90% of the OHD and SNIa dataset. We estimate a bias of 5.2% 
and 9.0% for OHD and SNIa respectively. 

Keywords—Computational physics; data analysis; cosmology. 

I. INTRODUCTION  
Cosmology is the branch of Physics that study the origin and 

dynamics of the Universe. Currently, the observations provided 
by Supernovae type Ia, cosmic microwave background (CMB) 
and baryon acoustic oscillations (BAO) indicate an accelerated 
Universe [1-6]. The most successful model for understanding 
the Universe is the well-known Lambda-Cold Dark Matter 
(Λ"#$)	[7]. 

This model considers meanly two dominant components 
called dark energy and  dark matter that correspond 
about	96	%	of the total. While the latter is postulated to be dust 
(a pressureless matter) and is the responsible of the structure 
formation (such as galaxies, clusters of galaxies), dark energy 
(Λ) is proposed to be a kind of matter with a negative pressure 
to explain the late accelerated expansion of the Universe. 

In this work, we estimate a possible bias due to limited 
cosmological measurements provided by /(0)  and SNIa 
measurements [8-9]. 

 

II. ΛCDM MODEL. 
The Friedman equation gives the evolution of the Universe, 

for ΛCDM model is given by 

12(0) =
45(6)

47
5 = Ω9:(1 + 0)

= + Ω>:(1 + 0)
? + Ω@	        (1) 

      

where /(0) = Ȧ/A with A is the scale factor. /: = /(0 =
0) = 100ℎ  and 0  is the red-shift (that can be expressed as 
function of time). Ω9: , Ω>: , and  Ω@  are the components of 
matter (baryons and dark matter), radiation, and dark energy 

presented in the Universe at the present epoch (today) 
respectively. In this work, we assume a flat universe that is 
supported by the observations (see Figure 1) satisfies the 
following relation 

																																	Ω9: + Ω>: + Ω@ = 1																											(2)								 

 

 

 In addition, one test to probe the late cosmic acceleration 
comes from the measurements of module distance that is given 
in terms of the luminosity distance	GH by 

																								I(0) = 5 log N
GH(0)

$OP
Q +	I:																								(3)										 

Where 	I: is a nuisance parameter and 

 
Figure 1: S9: − SU			contour [9]. 

 
 



 
 
 

 

																						GH(0) = (1 + 0)
P

/:
V

G0W

1(0W)

6

:
																		(4)								 

Here 1(0) is given in equation 1 and P is the speed of light 
in vacuum. 

III. ANALISYS AND RESULTS 
In order to search for a possible bias due the statistics size, 

we fit ΛCDM model to /(0) and SNIa datasets by following the 
procedure: 

• Case I: We fit the LCDM model to data coming 
from. 

• Case II: We select randomly subsamples 
containing a 90%, 75%, and 50% of	OHD and SNIa 
datasets. 

• Case II: We divide /(0)  and SNIa datasets into 
two subsamples by selecting odd and even points 
respectively. 

 

 
Then, our strategy is to compare the last two cases with the 

first one and quantify a possible deviation of the best fit values 
obtained in the parameters. 

The best fit value is obtained by developing an algorithm in 
python 2.7 based on Minuit module [10]. The figure-of-merit to 
maximize is the −log	(Y) ≈ [2 where 

																										[2 =\]
^_ − $(0_|Θ)

b_
c
2

																		(5)													

d

_

 

where $(0_|Θ) is the model with free parameter	Θ,^_ ± b_ are 
the measurements with uncertainties at redshift 0_. Notice that 
for OHD  and SNIa dataset, $(0_|Θ) is given by equation 1 and 
3 respectively. 

 
TABLE I.   Values of free model parameters after fitting /(0) data. 

Case fgh i jfgh% ji% 

k(l) 0.251 ±0.011 0.712 ± 0.007 - - 

k(l)	mh% 0.250 ± 0.003 0.713 ± 0.002 0.398 0.140 

k(l)	no% 0.250 ± 0.007 0.713 ± 0.004 0.398 0.140 

k(l)	oh% 0.249 ± 0.011 0.715 ± 0.007 0.797 0.421 

k(l)	pqq 0.253 ± 0.014 0.712 ± 0.010 0.797 <10r= 

k(l)	stsu 0.238 ± 0.014 0.719 ± 0.010 5.179 0.983 

 

 
TABLE II.  Values of free model parameters after fitting SNIa data. 

Case fgh i vh jfgh% ji% jv% 

v(l) 0.277 ± 0.019 0.732 ± 0.017 25.096 ± 0.052 - - - 

v(l) mh% 0.277 ± 0.006 0.732 ± 0.004 25.097 ± 0.003 <10r= <10r= 0.003 

v(l)no% 0.278 ± 0.011 0.732 ± 0.019 25.097 ± 0.008 0.361 <10r= 0.003 

v(l)oh% 0.277 ± 0.019 0.732 ± 0.019 25.097 ± 0.012 <10r= <10r= 0.003 

v(l) pqq 0.302 ± 0.029 0.732 ± 0.017 25.106 ± 0.054 9.025 <10r= 0.040 

v(l)stsu 0.256 ± 0.026 0.732 ± 0.017 25.088 ± 0.054 7.581 <10r= 0.032 

 



 

 

IV.  SUMMARY AND CONCLUSION 
In this paper we estimate a statistical bias due the limited 

statistics of OHD and SNIa dataset. In order to do this, we 
develop an algorithm base in Minuit module under python 
environment to obtain the best fit values of the free parameters. 
Then we take subsamples with	90%, 75	% and	50% of the total 
dataset. Finally, we compare their corresponding best fit values 
with respect to the one obtained with the total dataset. 

The OHD consist of 51 points that measure the Hubble 
parameter at several redshifts. In order to get the mean of the 
parameter best fits (see case II), we consider three cases 
according to data size. Each one contains 10000  fits by 
selecting	46,	38 and 25 points randomly. We estimate a bias 
less than 1% for the case when the data were reduced to 50% 
for  Ω9: and	ℎ.  

On the other hand, the Union 2.1 Project collects	580 data 
points coming from the module distance of SNIa. Following a 
similar procedure of reducing data up to 	50%, we obtain a 
negligible bias (much less than 0.01	% ) for both model 
parameters.  

In summary, we expect to have up to 5 % and 9% of deviation 
for Ω9:  (and less than 1% and a negligible bias for h) when 
OHD and SNIa data are used. This result motivates to increase 
the size of this samples in order to reduce these uncertainties. 
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Fig. 1. Best fit (case I) of OHD. 

 

 
Fig. 2. Best fit (case I) of SNIa data. 
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Abstract— Agroindustrial waste is considered to be biomass 

that is not used or included in the processes of agricultural 
production, forestry and agro-industry; this vegetal biomass 
presents a material with high industrial potential called 
lignocellulose (González-Rentería et al., 2011, Howard et al., 
2003). Lignocellulose is a compound difficult to degrade and 
mineralize, however there is a group of basidiomycete fungi 
capable of performing this action in a process known as "white 
rot" disease (Papinutti et al., 2003). Within these degrading fungi 
are numerous edible species, with high nutritional value. This 
review focuses on recent advances in the production of edible 
mushrooms of the genus Pleurotus, with special emphasis on 
substrates composed of profitable agro-industrial waste, that are 
profitable, provide higher yield, greater biological efficiency (BE) 
and improve the quality of them. 

Keywords— Mushrooms, waste, bagasse, reuse, agricultural 
byproducts. 

I. INTRODUCTION (HEADING 1) 
Cultivating edible macromycetes is an ecological 

conversion system, so that what is not useful to man, such as 
straws, bagasse, husks and pulps, mushrooms transform it into 
protein food and into a sale product. Once the edible product 
has been obtained, organic fertilizer can be obtained from the 
residual substrate for the production of plants and vegetables, 
conserving and improving the quality of the soils. This type of 
production has been exploited successfully for years in other 
countries.  Nowadays, the large-scale cultivation of edible 
fungi represents an agro-industry of great socioeconomic 
importance, because in addition to providing a food with high 
nutritional and medicinal value for human consumption, it 
represents an industry that generates jobs. One of the main 
challenges for the cultivation of fungi is the growth of the 
sowing mycelia and the selection of suitable substrates for the 
development of the mycelium and its fruiting (Maggie et al., 
1988). The objective of the present work is to carry out a 
revision on the substrates useful in the cultivation of edible 
fungi. 

1. GENERALITIES OF THE FUNGI  

Fungi are eukaryotic organisms, belonging to the Fungi 
kingdom with a cell wall consisting mainly of chitin 
(Alexopoulos, 1996). They lack of chlorophyll so their 
nutrition is heterotrophic. They present sexual and asexual 
reproduction (Tormo, 1996). Their somatic structures are 
called hyphae and they are usually surrounded by cell walls. 
Macromycetes are fungi whose carpophores or fruiting bodies 
can be seen by the naked eye. Commonly they divide into 
saprophytes when they grow in decomposed matter and absorb 
organic matter, in symbionts when they form ectomycorrhizae 
and parasites when they feed on living cells (Pedreros, 2007). 
Saprophyte fungi growing on lignocellulosic substrates excrete 
a mixture of hydrolytic enzymes and oxidants that 
depolymerize the components of the substrate, which 
according to Valencia and Garin (2001) consist essentially of 
cellulose (45 to 60 percent), hemicellulose (15 to 20 percent) 
and lignin (10 to 30 percent). In this group are included 
parasites of tree destroyers of wood and mushrooms, where 
most of the species commonly known as edible fungi are found 
(Sánchez and Royse, 2002). 

1.1 REPRODUCTION AND LIFE CYCLE 

Two forms of reproduction are observed: sexual and 
asexual. The sexual phase begins with the stem cells that in the 
Basidiomycetes are called Basidias. The spores of the basidia 
are thrown abroad for the propagation of the species. If the 
spore is deposited in a place whose conditions are favorable, it 
will give rise to the mycelium. This will grow under the soil or 
between the leaf litter, it will branch out and intermix with the 
mycelia of other spores to give rise to the secondary mycelium 
which will grow and differentiate to form the fruiting bodies. 
The latter is able to grow and multiply  vegetative indefinitely. 
Therefore, this is the type of mycelium with which edible 
mushroom growers work (Sánchez and Royse, 2002). 

 

 



 
 
 

 

1.2. NUTRIMENTAL, NUTRACEUTICAL AND 
ECONOMIC CONTRIBUTION OF FUNGI  

Fungi have a high nutritional and energetic value, providing 
beneficial properties for health, which is why they are 
considered functional foods of high culinary value (Trigos & 
Suárez-Medellín, 2010). Its dietary value, low carbohydrates 
and fats, significant protein content (20-40% of dry weight) 
and vitamins, places them above most vegetables, fruits and 
vegetables, in addition to being delicious complements in 
meals for their organoleptic properties (Tormo, 1996). Recent 
data indicate the presence of compounds that possess high 
antitumor and anticancer activity as well as activate the 
immune system, stimulate liver function, contain a potent 
hypoglycemic, reduce cholesterol level as well as nervous 
disorders among other properties (Beelman et al. , 2003, 
Wasser and Weiss, 1999, Stamets, 2000, Bobeket al., 1991, 
Curvetto et al., 2002, Mau et al., 2002, Baba et al., 2015, Yen 
et al., 2007, Martínez et al., 2012; Kang, 2013). They contain 
approximately 30% carbohydrates, 39% crude fiber, 17% 
crude protein and 2% raw fat (Wang et al., 2014). They present 
glycemia, antioxidants and vitamins A, C, D, E (Mau et al., 
2002, Smith et al., 2002, Baba et al., 2015, Smith et al., 2015); 
essential vitamins such as B1, B2, B6, B12, riboflavin, niacin, 
iron, ascorbic acid; minerals such as calcium and phosphorus. 
Although the lipid content is relatively low, it has essential 
fatty acids such as linoleic acid (Mendivil-Salmón et al., 2001) 
and chemical compounds such as lentinan, eritadenine and l-
ergothionine. They produce high quantities of hydrolases and 
oxidases for the bioconversion of lignocellulosic components 
(Harris-Valle et al., 2014). Due to its capacity to degrade 
lignocellulosic components, hardwood sawdust with grains is 
currently used as a nitrogen source (Royse, 1997, Rossi et al., 
2003). 

1.3. FUNGAL CULTIVATION STRATEGIES 

The most commonly used methods for the cultivation of 
edible fungi are fermentation in solid state (FES), which 
consists of growing the secondary mycelium of the fungus on a 
substrate until fruiting, in the absence of free water in the 
system. And on the other hand the submerged liquid 
fermentation (FLS) in which a greater quantity of enzymes are 
produced (Smith, 2002). 

Among the factors associated with the substrate are: pH, 
carbon-nitrogen ratio, particle size, moisture retention capacity, 
and the amount of carbohydrates, lipids, nitrogen, vitamins and 
minerals present in its composition. As environmental factors 
can be mentioned: temperature, relative humidity, aeration and 
carbon dioxide, lighting, etc. 

 

1.4. USE OF AGROINDUSTRIAL SUBSTRATES FOR 
FUNGAL CULTIVATION 

Although edible fungi are commonly grown in wheat straw 
or pasteurized rice, they have been grown on a large number of 
lignocellulosic substrates alone or mixed, most of them 

agricultural by-products (Salusso and Moraña, 1997; Darjania 
et al., 1997; Obodai, 2003; Sánchez et al., 2008) 

The substrates most used for the cultivation of fungi are 
shown in the following table: 

TABLE I.  SUBSTRATES USED FOR THE CULTIVATION OF P. ERYNGII 
FUNGI. 

Substratum Author and  year Notes 
Mixture of wheat straw 
and cotton waste, 
Peanut shells, wheat 
straw. 

 

Philippoussis, 2001 They showed higher 
rates of colonization of 
wheat straw and cotton 
residues than in peanut 
shells. 

 
Mixture of Mn (50 mg 
/ g) with soybean and 

cottonseed decolouring 
mixture with sawdust. 

Rodriguez-Estrada y 
Royse , 2007 

Higher yields on 
substrates containing 
Mn (50 mg / g) and 
soybean than on 
cottonseed / sawdust 
husk substrate. 

 

 

TABLE II.  SUBSTRATES USED FOR THE CULTIVATION OF P. 
PULMONARIUS FUNGI. 

Substratum Author and  year Notes 
Mixture of wheat straw 
and cotton waste, 
Peanut shells, wheat 
straw. 
 

Philippoussis, 2001 They showed higher 
rates of colonization of 
wheat straw and cotton 
residues than in peanut 
shells. 
 

Mix of wheat straw 
and grass Lolium 
perenne 

Domondon, 2004 Lolium perenne 
stimulated 
fructification and yield 
of P. pulmonarius 
 

Mixure of coffee pulp 
and wheat straw 

Salmones, 2005 The decrease in 
caffeine content of the 
coffee pulp samples 
during the fruiting 
phase suggests that part 
of the caffeine 
accumulates in the 
fruiting bodies. 
 

Tomato stubble and a 
combination with vine 
wood and wheat straw. 
 

Sánchez et al. 2008 The E.B.  varied from 
92 to 139.8%, whit the 
highest value in tomato 
stubble. 

 

TABLE III.  SUBSTRATES USED FOR THE CULTIVATION OF P. 
CITRINOPILEATUSFUNGI. 

Substratum Author and  year Notes 
Cotton stalk, coconut 
fiber, sorghum hay 
and mixtures of these 
residues 

 

Ragunathan, 2003 

 

Maximum yields of P. 
citrinopileatus on cotton 
stalks. 
 

Water lily 
 

Mukherjee, 2004. BE of the P. 
citrinopileatus 79%. 



 

 

TABLA IV.SUBSTRATES USED FOR THE CULTIVATION OF P. SAJOR-CAJUR 
FUNGI. 

Substratum Author and  year Notes 
Mixture of rice straw 
and cottonseed powder. 
 

Shashirekha, 2002 When rice and wheat 
straw are used to grow 
P. sajorcaju, yields 
were 10%higher in 
rice than in wheat 
straw. 
 

Cotton stalk, coconut 
fiber, sorghum hay and 
mixtures of these 
residues. 
 

Ragunathan, 2003 

 

Maximum yields of P. 
sajor-caju cotton 
stalks and P. platypus 
on sorghum. 
 

Rice straw, banana 
Straw. 
 

Bonatti, 2004 They presented higher 
ash content when they 
are grown in rice straw 
than when they are 
grown in banana 
straw. 

 

TABLA V.SUBSTRATES USED FOR THE CULTIVATION OF P. FLORIDAFUNGI. 

 

Substratum Author and year Notes 
Water lily 

 
Mukherjee, 2004. BE of the P. 

citrinopileatus 79%. 
Mixture of rice with 
cottonseed powder 

Shashirekha, 2005 Said substrate increases 
the yield of total 
proteins, free amino 
acids and total lipid 
content. 

 

TABLA VI.SUBSTRATES USED FOR THE CULTIVATION OFPLEUROTUS SSP. 
FUNGI. 

Substrathum Author and year Notes 
Straw of rice, straw of 

wheat. 
Zhang, 2002 Yields were 10% higher 

in rice than in wheat 
straw. 

Pinus ssp. Croan, 2004 Pleurotus spp. It can 
colonize and produce 
mushrooms in conifers 
but they do not always 
colonize conifers easily. 

Coniferous sawdust 
 

Ruan, 2006 Some strains of 
Pleurotus spp. can be 
adapted for growing on 
substrates based on 
coniferous sawdust. 

 

 

 

 

 

TABLA VII.SUBSTRATES USED FOR THE CULTIVATION OTHER EDIBLEFUNGI. 

 

Fungus species Substrathum Author and 
year 

Notes 

Lentinus 
edodes y Stropharia 

Sugarcane 
bagasse, coffee 
waste, banana 
leaves, straw and 
rice husk, coconut 
fiber, corn husk, 
sawdust, sorghum 
grains. 
 

Grodzínskaya 
et. al 2002 

I report the 
growth of 
fungi on 
these 
substrates. 
 

P.platypus Cotton stalk, 
coconut fiber, 
sorghum hay and 
mixtures of these 
residues. 

Ragunathan, 

2003 

 

Maximum 
yields ofP. 
platypus on 
sorghum. 
 
 

P. cornucopiae Mix of grass 
Panicumvirgatum 
with 1% ground 
limestone and 
Mixture of cotton 
seed husk with 
24% wheat straw 
and 1% ground 
limestone. 

Royse et al 
2004 

Higher yields 
were 
obtained on 
the cotton 
husk 
substrate / 
wheat straw 
substrate. 
However, 
maximum 
yields only 
reached 46%. 
 
 

P. columbinus Various 
lignocellulosic 
residues 
supplemented 
with fresh chicken 
manure. 

Mandeel et al. 
2005 

Greater BE 
was observed 
in P. 
columbinus 
(134%) on 
paperboard 
substrate. 

 
P. djamor Mixture of coffee 

pulp and wheat 
straw 
 

Salmones, 
2005 

The decrease 
in caffeine 
content of 
the coffee 
pulp samples 
during the 
fruiting 
phase 
suggests that 
part of the 
caffeine 
accumulates 
in the 
fruiting 
bodies. 
 

 

 

 

 
 



 
 
 

 

TABLA VIII.SUBSTRATES USED FOR THE CULTIVATION OF P.OSTREATUS 
FUNGI. 

Substrathum Author and year Notes 

Peanut straw, soy straw, 
sorghum straw and 
wheat straw 

 

Yildiz, 1998 

 

Higher and lower 
yields in peanut 
straw and sorghum, 
respectively. 
Higher protein 
content with peanut 
straw. 

Wooden log of Quercus 

humboldtii 

Staments, 2000 
It generates 
carpophores of 
excellent quality. 

Mixture of wheat straw 
and cotton waste, 
Peanut shells, wheat 
straw. 

Philippoussis, 2001 
They showed higher 
rates of colonization 
of wheat straw and 
cotton residues than 
in peanut shells. 

Worn beer grains not 
pretreated 

 

Wang et al , 2001 
Few fruiting bodies 
formed on the spent 
grain; however 19% 
BE was obtained 
with the addition of 
45% wheat bran. 

Sunflower seed husks 
supplemented with N-
NH4 + or Mn. 

Curvetto, 2002 
The addition of 
mineral nutrients 
increased the 
mycelia growth rate. 
The BE increased in 
control values and 
reached 60-112%, 
depending on 
theconcentration of 
Mn and N-NH4 + 

Sugarcane bagasse, 
coffee waste, banana 
leaves, straw and rice 
husk, coconut fiber, 
corn husk, sawdust, 
sorghum grains. 

Grodzínskaya et. al 2002   
I report the growth 
of fungi on these 
substrates. 

 

Tilia spp., European 
poplar leaves, wheat 
straw, sawdust and 
waste paper. 

 

Yildiz, 2002 
Increased production 
of mushrooms in 
wheat straw and 
wheat straw mix 
with waste paper. 
Lower yield and 
small diameters of 
fruit body with Tilia 
spp. Greater number 
of fruiting bodies 
with the mixture of 
wheat straw, hazel 
leaves and waste 
paper. 

Waste paper with the 
addition of chicken 
manure, peat and rice 
husks 

 

Baysalet al., 2003 
The greater number 
of rice husks added 
to the substrate, the 
inoculation and 
formation of the fruit 
body accelerate. A 
higher proportion of 
manure in the peat 
produces a negative 
effect on growth. 

Mixture of coffee pulp 
and Digitaria 
decumbens 

Hernández, 2003 
This mixture 
improved the BE, 
The decrease in the 
caffeine content of 
the coffee pulp 
samples during the 
fruiting phase 
suggests that part of 
the caffeine 
accumulates in the 
fruiting bodies. 

Banana leaves, corn 
cob, corn husk, rice 
husks, elephant grass, 
rice straw. 

Obodai et al,2003 
Rice straw is the best 
substrate for 
growing mushrooms. 

Fresh sawdust, 
composted sawdust / 
bran mixture. 

Obodai, 2003 
BE in P. ostreatus is 
lower in fresh 
sawdust than in 
composted sawdust / 
bran mixture 

Rice straw, banana 
straw 

 

Bonatti, 2004 
They presented 
higher ash content 
when they are grown 
in rice straw than 
when they are grown 
in banana straw. 

Oak sawdust 

 
Shanet al. 2004 Biological 

Efficiency (BE) of 

64.9% 

Mix of corn and 
pumpkin straw. 

 

Ancona, 2005 
The substrate had no 
effect on the 
nitrogen content in 
the amino acid 
profile of the fruiting 
bodies; the nitrogen 
content increased 
from the first harvest 
to the third 

Various lignocellulosic 
residues supplemented 
with fresh chicken 
manure 

 

Mandeel et al. 2005 
Greater BE was 
observed in P. 
ostreatus (117%) on 
paperboard 
substrate. 

 

Different species of 

trees.  

Pavlik, 2005 
The yields of the 
fruiting bodies vary 
with the species of 
trees used, ranging 
from 21% biological 
efficiency (BE) for 
beech wood to 3% 
BE for alder wood. 

Mixture of coffee pulp 
and wheat straw 

 

Salmones, 2005 
The decrease in 
caffeine content of 
the coffee pulp 
samples during the 
fruiting phase 
suggests that part of 
the caffeine 
accumulates in the 
fruiting bodies. 

Weed (Leonotis spp. 
Mixed with rice 
straw,Sida acuta, 

Das, 2007 
Leonotis spp. Mixed 
with rice straw was 
the best substrate for 



 

 

Lignocellulosic compounds present in agroindustrial waste 
are a valuable resource that can be used in the production 
of edible fungi, also creating a production line free of 
waste. 
The production of edible fungi can become an activity of 
economic importance, to generate extra incomes in the 
world.  

Parthenium 
argentatum, Ageratum 
conyzoides, 
Cassiasophera, 
Tephrosia purpurea y 
Lantana camara 

inoculation and 
culture, T. purpurea 
was the least 
appropriate. Higher 
protein content in the 
fungus in 
Cassiasophera, 
Parthenium 
argentatum and 
Leonotis spp. 

Tomato stubble and a 
combination with vine 
wood and wheat straw. 

 

Sánchez et al. 2008 
The EB varied from 
92.0 to 
139.8%, with the 
highest value in 
tomato stubble. 

 
In Mexico, traditional techniques have been adapted and 
modified to reduce the crop cycle and lower production costs 
by using material substrates not previously considered, such as 
shavings and sawdust from different trees, such as oak 
(Quercus spp.) , pine (Pinus spp.), palo mulato (Bursera spp.) 
etc., (Mata et al., 1990, Morales and Martínez, 1990, Morales 
and Martínez, 1991) and several agricultural residues such as 
corn (Zea mays), cane sugar (Saccharum spp.) oats (Avena 
sativa) etc., (Soto et al., 1992; Mata and Guzmán, 1993; Mata 
and Gaitán, 1994; Ashrafuzzamanet al., 2009). 
 
1.5. ECONOMIC AND ENVIRONMENTAL BENEFITS 
OF USING AGROINDUSTRIAL SUBSTRATES 
 
One example is the profitability of overgrowth on artificial 
mushroom crops, productions of 3.1 kg / m2 are obtained, 
higher than many agricultural crops (for example, wheat: 0.27 
kg / m2, meat: 0.69 kg / m2 (Schiess, 2006). 
 
On the other hand, it is known that the agroindustrial activity 
generates a large amount of what has been declared as waste, 
with significant negative impacts on the environment, such as 
the generation of pests, water pollution, bad odors, among 
others (Barragán -Huerta et al., 2008). Faced with this 
concern, interest has been awakened in taking advantage of 
what had been considered waste and focusing it as a waste that 
could be used for the production of new products. 
 
 Official data from 2006, establish that in Mexico 
there were 75.73 million tons of dry matter from 20 crops, of 
which 60.13 million tons correspond to primary waste, 
obtained at the time of harvest, among which are: leaves and 
stems of corn, stems and pods of sorghum, tips and leaves of 
sugarcane, wheat straw, straw of barley and beans, as well as 
cotton husk. 
  
While, 15.60 million tons correspond to secondary waste 
obtained from post-harvest processing, among which are: 
sugarcane bagasse, corncobs and olotes, maguey or agave 
bagasse, as well as coffee pulp (Valdez-Vázquez et al., 2010). 
  

In general, agroindustrial lignocellulosic residues are mainly 
composed of cellulose, hemicelluloses and lignin (Deysson, 
1982, Hendriks & Zeeman, 2009, Hopkins, 2003), the main 
compounds necessary for the growth of some edible fungi. 
 
In addition to this, the commercial production of edible fungi 
represents an agroindustry of great socioeconomic importance, 
since it not only provides a food of acceptable nutritional and 
medicinal value for human consumption, but also represents 
an industry that generates jobs. In China, the main producer of 
mushrooms cultivated in the world, 25 million people are 
involved in this activity (Li, 2012), while in Mexico 25,000 
direct and indirect jobs could have been generated in 2005 as a 
result of the production and industrialization of these 
organisms (Martínez-Carrera et al., 2007). 
 
 
2. Conclusions 
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Abstract- The rhizosphere engineering is based on the design and manipulation of the physical and chemical 
environment where the interaction between the plant, the soil and the microorganisms takes place to get effects that 
benefit plants and environment. A part of rhizosphere engineering studies the managing and manipulation of the 
microbial communities to search the health of plants, according to the role of microorganisms in the source of 
organic matter in the soil, mineralization and solubilization of nutrients as well as resistance to certain pests. This 
is applied in the agriculture as a means to get improvement in the crops' yield and quality, aside from to optimize 
the water retention capacity, the nutrient cycle and the antagonism toward the pathogens. 
 
This work is an investigation of the studies released in recent years about the benefits obtained with the designing 
microbial communities and the adaptability of the plants to biotic and abiotic stress, so as to implement this 
knowledge in agricultural soils and increase the production of food and bioenergy. 
 
Keywords - rhizosphere; microbial communities; rhizosphere engineering; biotic factors; abiotic factors. 
 
 

I. INTRODUCTION 
The first habitat where the soil particles and 

the roots of plants are in contact is the 
rhizosphere, which is the first contact between 
soil microorganisms and plants. In this zone exist 
a very important communication that perform a 
high impact on carbon flux and its 
transformation, also other soil components used 
by the plants like nutrients [1]. Likewise, there is 
a very close relationship between the 
composition and abundance of exudates from the 
roots with the structural and functional properties 
of the microorganisms that live there [2]. 
Therefore, rather than to be considered a region, 
it's cataloged as a gradient of physical, chemical 
and biological qualities through the root [3].  

 
The composition of the rhizosphere is 

influenced by the metabolism of plants when 
they excrete photosynthates and some 
phytohormones, these compounds participate in 
communication with the microorganisms. The 
beneficial interactions of plants with these 
microorganisms have favorable effects, such as 
the improvement of diseases, the availability of 
nutrients and the increase of immunity to biotic 
and abiotic stress [4]. These includes the drought 

[5], salinity [6], high concentrations of CO2 in the 
atmosphere [7], changes in temperature [8] and 
heavy metals [9]. There are many researches that 
suggest that the rhizosphere composition 
influences in the deportment of plants in the 
presence of these factors [10]. In this way, the 
rhizosphere engineering appear, it's based on the 
design and manipulation of the physical and 
chemical properties of the rhizosphere for obtain 
benefits in plants and the environment “Fig. 1” 
[11]. In agriculture this is used as a method to 
reach improvements in yield and quality of crops 
[12], in addition to optimize the water retention, 
the nutrient cycle and the resistance to pathogens 
[13].  

 
One of the applications of rhizosphere 

engineering focuses on the management and 
manipulation of microbial communities for the 
health of plants, in conformity with the role of 
microorganisms in the development of organic 
matter, mineralization and solubilization of 
nutrients, as well as resistance to certain pests 
[14]. Currently, the ability to control and 
manipulate microbial communities in the 
rhizosphere is reduced, with inoculation being 
the most direct way to do so. However, although  



 
 

these inoculate give good results under 
laboratory and greenhouse conditions, are not 
reproducible under natural state in the field [15]. 
It’s very important to make a research about the 
benefits of designing microbial communities that 
improve the adaptability of plants to biotic and 
abiotic stress, for implement this knowledge in 
agricultural soils. 

 
II. BENEFITS OF THE MICROBIAL 

COMMUNITIES IN THE 
RHIZOSPHERE. 

The rhizosphere is the region where 
chemical communications and the exchange of 
nutrients between plants and microorganisms of 
the soil are carried out [16], these relationships 
play important roles in various vital processes, 
such as carbon retention and the nutrient cycle 
[4]. The beneficial interactions between plants 
and microorganisms include the suppression of 
diseases [17], the increase in nutrient availability 
[18], and an improvement in resistance to biotic 
and abiotic stress [19] these increases the 
productivity of plants [20]. According to this, a 
technique to improve health of crops is the 
selection and modification of microbial 
communities in the rhizosphere [14]. 

 
Several studies have been realize about the 

inoculation of microbial communities to obtain 
improvements in agricultural productivity, such 
as the synergy between Azotobacter and 
mycorrhizal fungi, they improve the height of the 
plants aside from the number and weight of the 
fruits [21]. On the other hand, Azotobacter and 
Bacillus increase the growth and yield of crop, 
while they reduced application of chemical  
fertilizers [22]. A study of the synergy between 
Rhizobium and Trichoderma, prove this 

increases crop production and the support of the 
plants [23]. When Azospirillum, Azotobacter, 
Bacillus, Enterobacter and Pseudomonas 
coexist, better results are observed in the 
recovery of nitrogen, as well as lower incidence 
of pathogens and finally a good productivity 
[24]. Furthermore, Azospirillum in synergy with 
Azotobacter have shown beneficial results in the 
growth of plants when inorganic nitrogen is 
added [25]. The Azospirillum, Azoarcus and 
Azorhizobium consortium improves root growth, 
resistance to environmental stress and decreases 
nitrogen loss in the farmlands [26]. Nevertheless, 
the rhizosphere engineering dedicated to 
microbial communities has not only search an 
increase in production and decrease diseases, it 
has also reduced the impact of climate change on 
the health in plants through beneficial mutualism 
between microorganisms and plants, because 
these interactions improve the plant's 
adaptability to biotic and abiotic stress, giving it 
a certain tolerance [10].  
 

A. Elevated CO2 levels in atmosphere 
CO2 is a gas that causes the greenhouse 

effect and it exists naturally in the atmosphere, 
however, certain human activities increase 
alarmingly the concentration of this gas and it is 
already part of global warming [27]. Understand 
the impact of the increase of CO2 in the 
atmosphere, nutrient cycle and the soil has carry 
to look for alternatives to maintain nutrients in an 
effective way in the crops. One of them is the 
addition and use of soil microorganisms to 
support nutrients in balance [7]. There are 
researches that study the relationship between 
CO2 and soil microorganisms and its benefit to 
plants. These researches have demonstrated that 
the CO2 fluxes in soil and atmosphere are 

Fig. 1.  Rhizosphere engineering (A) natural ecosystems, (B) ecosystems degraded by intensive agriculture and use 
of fertilizers and (C) rhizospheres designed by inoculations of microbial communities or rhizosphere engineering. 
Taken from Wallenstein, 2017 [14] 



 
 
regulated in a very important way by microbial 
communities like a response to changes of pH, 
light and they ensure that there are 
microorganisms with affinity for CO2 [28].  

 
Studies shows that in a field with high CO2 

and reduced rains, it is altered the composition of 
microbial communities in the soil, extremely 
affecting the plants, increases fungal 
proliferation therefore increases soil C 
concentration and decreases the amount of N by 
the few nitrogen-fixing bacterial communities 
[29]. However, when inoculating with 
Pseudomonas and mycorrhizal fungi in a lettuce 
crop, in an atmosphere with high CO2 and limited 
irrigation, greater soil stability is observed and an 
increase in biomass of the root, which indicates 
that the inoculation with these microorganisms 
can be an alternative to improve soil properties 
and increase the crops development in semi-arid 
regions [30]. The microbial communities’ 
functions are altered by the increase in CO2 
because it increases the abundance of functional 
genes involved in the carbon and nitrogen cycle 
to feed back into the ecosystem [31]. There is 
research that suggests that the presence of 
growth-promoting rhizobacteria benefit 
terrestrial carbon storage, through an increase in 
crop yield and decrease in carbon losses due to 
respiration of soil microorganisms when there is 
a considerable increase of CO2 in the 
environment [32], for this reason it’s considered 
that an increase of this type of rhizobacteria can 
be beneficial to increase crop yield submitted to 
high CO2 levels [1]. 

 
B. Heavy metals 
Heavy metals are non-biodegradable 

electronegative elements, usually toxic at high 
concentrations, because of that, they tend to 
accumulate in the environment causing diseases 
to the crops and obstructions in the 
biogeochemical cycles [9]. The presence of these 
compounds in the soil causes decrease in mass 
and composition of microbial communities. 
Nonetheless, there are microorganisms that can 
survive because they have cellular mechanisms 
to tolerate and eliminate toxicity by cellular 
precipitation, metal transformation and 
bioabsorption in their cell wall. These 
microorganisms have application in the soil 
bioremediation [33]. Some of them are 
Aspergillus, Penicillium, Fusarium, Alternaria, 
Geotrichum, Scopulariopsis y Curvularia, that 
have been isolated in polluted places and they are 
tolerant to heavy metals [34]. The studies carried 
out about these microorganisms have been 

directed principally to the soil bioremediation. In 
the province of China, microbial communities 
tolerant to heavy metals composed of 
Nitrospiraceae, Blastocatella y Acidobacteria 
were identified, and they are being evaluated for 
scientific purposes  [35]. On the other hand, it 
was found that Bacillus megaterium has a high 
potential to recover heavy metals and it doesn’t 
and it doesn't cause any pathogenicity in humans, 
for this reason it is used in water and soil [36]. 
Investigations have indicate that Pseudomonas 
libanensis y P. reactans in stress conditions for 
drought, they show a beneficial effect on the 
plants growth and decrease the proline and 
malondialdehyde concentrations in leaves under 
metallic stress, therefore, it is suggested that 
these microbial strains could be used in 
phytoremediation of contaminated soil with 
metals in semi-arid places [37]. In the same way, 
Pseudomonas azotoformans has the ability to 
resist abiotic stress towards heavy metals, 
drought, salinity, antibiotics and extreme 
temperature, besides it's a promoter of plant 
growth. In one study, this bacterium improved 
the biological accumulation coefficient of Cu, Zn 
and Ni, and a better plant growth, whereby, it’s 
considered for the protection of crops against 
abiotic stress and it accelerates the soil 
phytoremediation process [38]. Kocuria sp. is a 
bacterium resistant to radiation and it has the 
bioabsorption capacity of Cr through its living 
cells. It has a maximum efficiency of 82.4% 
which can be beneficial for soils with this type of 
contamination [39]. Rhodococcus pseudoacacia 
has the ability to improve crops in the presence 
of heavy metals compared to controls and other 
bacterial strains under the same conditions [40]. 
It has been found that the inoculation of 
Streptomyces sp. increases plant biomass and 
reduces oxidative stress in plants, as well as the 
absorption and bioaccumulation of Zn, Cd and 
Pb [41]. Strategies for soil bioremediation also 
include microbial consortia, one of which is 
composed of Pseudomonas, Proteobacteria, 
Flavobacterium y Actinobacteria tested in 
contaminated soil polluted with As and it was 
found to promote plant growth and extraction of 
this metal, suggesting a successful strategy for 
phytoextraction [42]. Alcaligenes, Bacillus, 
Curtobacterium y Microbacterium,in 
consortium, they have resistance to high levels of 
heavy metals, such as As, Pb, Cu and Zn, in 
addition, they improve the germination and the 
root development in corn in presence of these 
metals [43]. As well as these studies there are 
some others focused on the remediation of soil, 
based on the activity of bacteria isolated from the 



 
 
rhizosphere that improving the quality of the soil 
[44].  
 

C. Salinity 
A saline soil has an electrical conductivity in 

the root zone exceeds 4 dSm-1, with a 
concentration of 40 mM of NaCl at 25 °C 
approximately, with these conditions the crops 
yield decreases. Near 20% of the cultivated land 
in the world is affected by high salinity and it is 
increasing at a rate of 10% per year because low 
rainfall, high surface evaporation, erosion, salt 
water irrigation and wrong cultural practices 
[45], However, soil microorganisms can play an 
important role for the tolerate salinity conditions, 
genetic diversity, synthesis of compatible 
solutes, plant growth hormones production, 
biological control and their interaction with 
plants [6]. Among the microorganisms used in 
saline soils for the purpose of improving crop 
productivity is Trichoderma harzianum, growth-
promoter of S. salsa and it improves soil quality, 
by increasing beneficial microbial communities 
[46]. Pseudomonas chlororaphis and 
Pseudomonas extremorientalis are able to 
stimulate plant growth and they act as biological 
control against Fusarium solani in tomato under 
salt conditions, providing resistance to stress 
[47]. Bacillus licheniformis increases the total 
nitrogen and total phosphorus in soil by its 
activity as a nitrogen fixer and phosphorus 
solubilizer, its auxin production, it stimulates the 
root growth and the nutrients absorption, also, it 
reduces the ethylene levels in the plants, which 
decreases the stress caused by soil salinity [48]. 
Rhizophagus irregularis, Chryseobacterium 
humi and Ochrobacterium haematophilum 
improve the biomass production of sunflower, 
they improve the K+, Mg2+, Ca2+, N y P 
accumulation, they reduce the Na+ levels in the 
tissues and increase the antioxidant response of 
the plant in saline soil [49]. Arbuscular 
mycorrhizal fungi improve the nutrient 
absorption of plants, the photosynthetic capacity, 
the water efficiency, the osmoprotectors 
production and antioxidant activity, increasing 
crop yield under saline conditions [50], they also 
decrease salt concentration and increase 
microbial biodiversity in the soil [51]. 
Arthrobacter siccitolerans enhances the aerial 
and radicular dry matter of wheat under salinity 
conditions by the indole-3-acetic acid production 
[52]. The inoculation of a mixture of Aspergillus 
spp., Alternaria spp., Bacillus subtilis and 
Bacillus megaterium in saline soil significantly 
increases the saturated hydraulic conductivity, 
suggesting that these microorganisms have the 

potential to improve the water movement 
through the soil [53]. On the other hand, the 
microbial consortium between Azospirillum 
lipoferum, Azotobacter chroococcum and 
Pseudomonas putida increases the fresh and dry 
weight of the medicinal hops root in a soil with 
an electrical conductivity of 20 dSm-1 [54]. The 
application of effective microorganisms in plants 
cultivated in saline soils significantly increase 
crop production, membrane stability index, the 
nitrate reductase activity, the nitrate and protein 
content, the K+ concentration and the K+/ Na+ 
ratio, which indicates that effective 
microorganisms improve the adaptation of plant 
to saline soil [55].  
 

D. Drought 
The shortage of water has adverse effects on 

the plants health as well as their growth and 
production yield. The water and nutrients 
transport is limited due to the low hydraulic 
conductivity, it's for this reason that it diminishes 
the roots size limiting the absorption of nutrients 
and their flow through the plant [56]. When there 
is little water in the soil the microbial activity 
also decreases, which suggests a negative impact 
on the availability of nutrients and the absorption 
by the plant [57].  

 
There are studies of certain drought-tolerant 

microorganisms, which have been isolated from 
arid regions affected by drought, such as 
Streptomyces coelicolor, Streptomyces olivaceus 
and S. geysiriensis, they show activity as plant 
growth promoter and tolerance to water stress 
from -0.05 to -0.73 MPa, additionally they 
induces the production of auxins and other 
phytohormones, which promote growth and 
confer potential for tolerance to water stress in 
wheat plants in stressed soil [5]. Moreover, 
Citrococcus zhacaiensis improves the onion seed 
germination under conditions of osmotic stress of 
about -0.8 MPa, also promotes plant growth and 
induces the production of some hormones, it 
generates an adaptability of the plant to drought 
stress conditions [58]. When tomato roots are 
infected with Trichoderma harzianum, an 
increase in the biosynthesis of growth regulating 
hormones is observed such indole acetic acid, 
indole butyric acid and gibberellic acid, they 
conferred to the plant drought tolerance [59]. 
Likewise, the inoculation with arbuscular 
mycorrhizal fungi and bacteria isolated from dry 
degraded soil influences the growth of Trifolium 
repens under water stress conditions [60]. In 
another study, two types of biofertilizers were 
evaluated: Azotobacter vinelandii and Pantoea 



 
 
agglomerans + P. putida under water stress 
conditions, finding that the use of these 
microorganisms increases the germination and 
growth of B. tomentellus, this grassland 
improvement [61]. By inoculating the bacterium 
Bradyrhizobium sp. in Lupinos angustifolius L. 
under deficit irrigation conditions, it was found 
that the plants improve their growth, their 
absorption of nutrients mainly N and P, 
providing an alternative to improve growth and 
symbiosis under stress conditions [62]. On the 
other hand, by inoculating Burkholderia 
phytofirmans and Enterobacter sp. drought stress 
is minimized, these microorganisms also act on 
the biomass of shoots, roots, leaf area, 
chlorophyll content and photosynthesis, 
increasing them, the water content in the leaves 
too, which suggests that these microbial strains 
can protect corn crops from drought [63]. Other 
research reports that the inoculation of 
Pseudomonas putida + Pseudomonas 
fluorescens in Hyoscyamus niger presents 
positive effects for the growth of the root and 
stem, increases the water content in the leaves, 
stimulates the antioxidant compounds activity 
and increases the proline biosynthesis, which 
generates a tolerance to water stress in the plant 
[64]. Likewise, the inoculation of Pseudomonas 
putida individually in corn crops showed better 
growth in the seedling stage, in the shoots, length 
of the roots, and dry biomass, also it increased 
the concentration of cellular metabolites and the 
conductance of the stomata when subjected to 
drought, giving an approach in the development 
of new inoculant for increase the drought 
tolerance in plants [65].  
 

III. CONCLUSIONS 
These studies show that different microbial 

strains can be used to counteract the crops effects 
under conditions of abiotic stress, such as 
drought or in arid areas, environments with 
elevated CO2 levels, soils with high 
concentrations of salts or heavy metals, to 
increase the tolerance and growth of plants. 

 
The rhizosphere engineering is a promising 

way to reduce the agrochemicals to improve the 
quality of soil and crop productivity, bringing 
with it a benefit in agricultural productivity, aside 
from being an alternative against global climate 
change. 
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Abstract— This review briefly describes the concept of 

eustressor, the history of the use of the metabolic routes of plants 
to cope pathogens and diseases. The review deals with a general 
overview of the systemic resistance and how it is synthesized 
through substances that give the plants their medicinal properties. 
The classification of the eustressors are shown through the 
subtitles and examples of the doses and elicitors used in other 
investigations are given. The objective of this article is to briefly 
introduce some examples of medicinal plants under induced stress 
and how is the metabolism of the plant responded in the 
biosynthesis of secondary metabolites. 

Keywords— eustressors, medicinal plant, systemic immunity 
plant, secondary metabolites 

I. INTRODUCTION 
Plants are continually being affected by stress factors. These 

stress factors can affect plants positively (eustress) or negatively 
(distress) depending the stress perception of the plants. This 
perception can be clasified as ‘alarm’, ‘resistance’ and 
‘exhaustation’. Alarm trigger the stress signalling, the resistance 
phase refers to adaptation through the post-translational and 
transcriptional modifications, and finally, the exhaustation phase 
is the death. Plants activate their defense mechanism to 
synthesize substances that help them cope with induced stress 
[1]. These synthesized substances are developed to improve and 
adapt in the secondary metabolism of plants, these products have 
been called secondary metabolites (SM) [2]. The SM with 
medicinal properties gives the plants their therapeutic use. Wild 
medicinal plants that are taken out of their habitat to produce 
them in optimal conditions and with high yields usually have 
high chemical composition variability and low amounts of the 
SM of interest [3]. 

An alternative to maintain the production of SM in medicinal 
plants is through the elicitation technique. These include 
treatment with various stress factors (eustressors) of biological 
(elicitors), chemical and physical nature. Many treatments 
indeed effectively promote the production of a wide range of 
plant SM, both in vivo and in vitro [4]. The objective of this 
review is to show a wide scope on how eustressors can be used 

to increase the production of secondary metabolites in medicinal 
plants. 

II. SYSTEMIC PLANT INMUNITY 
Plants are exposed to a great variety of organisms such as 

insects, bacteria, fungi and viruses that interaction trigger the 
metabolism of SM. The SM can reduce growth and outweighed 
by the increased quality by the stress induced [5]. For instance, 
recognition of conserved pathogen- or microbe-associated 
molecular patterns (PAMPs or MAMPs) via cell surface–
localized pattern-recognition receptors (PRRs) activates pattern-
triggered immunity [6]. Plant-derived damage-associated 
molecular patterns (DAMPs) that are released upon infection or 
herbivore feeding are recognized similarly to MAMPs and also 
trigger immune responses. Plants do not posses adaptative 
immunity like animals, the absence of an adaptive immune 
response likely forced plants to evolve a multiplicity of PRRs, 
whereas animals elaborated only few PRRs for recognizing very 
highly conserved MAMPs [7]. 

Localized and systemic disease resistance is induced by the 
interaction with certain types of pathogen or non-pathogen 
organisms. The induced plants are capable to resist diseases or 
pest attacks because of an enhanced ability to rapidly express 
defenses upon infection and, in some cases, an increase in 
defenses that are expressed in response to the inducing treatment 
[8]. Systemic acquired resistance (SAR) is a type of systemic 
plant immunity that comes when a localized pathogen attack 
elicits broad-spectrum immunity to reinfection throughout the 
whole body by the induction of a hypersensitive response or 
moderate symptoms of disease. Different molecules have been 
identified that participate as a set of SAR  signals to the plant 
which contain salicilyc acid (SA), methyl-SA (MeSA), 
dehydroabietinal, methyl-jasmonic acid (MeJA), glycerol 3-
phosphate (G3P) or a glycerol 3-phosphate derivative, and/or 
azelaic acid (AzA) [6]. 

Bacteria and fungi, these help the growth and immunity of 
the host colonize the roots of the plants. The immune response 
of the plant activated by these organisms is called systemic 
induced resistance (ISR). The activation of ISR depends on the 



 
 
 

 

sensitivity of the jasmonic acid (JA) and ethylene (ET) 
hormones without the need for SA. Insect pest and microbial 
pathogens are repelling by a systemic plant immune response 
can be induced by insect feeding and egg deposition, or physical 
injury. This response is called wound-induced resistance (WIR). 
Some studies revealed that wound-induced systemic defense 
gene activation can be mediated by JA but exist others that are 
activated using a distinct via [9]. The biotic and abiotic stress 
modify the photosynthesis and the transport of respiratory 
electrons, also increase the production of reactive oxygen 
species (ROS). As well, reactive nitrogen species (RNS) can 
damage at cellular structures. ROS and RNS cause ‘nitrosative’ 
stress causing distress in the plant. However, ROS and RNS with 
frequency and low doses can lead to the strengthening of the 
plant and high tolerance in response to eustress [1]. 

III. EUSTRESS FACTORS 
The first investigations on the protection of the plants to the 

attack of pathogens by means of the activation of defenses, were 
made at the beginning of century XIX reported by Ray and 
Beauverie [10]. In 1959, the first experiment by Kuc et al. were 
recorded to describe the phenomenon of induce resistance 
against mange in the apple [11]. Since 1970, studies have been 
carried out to demonstrate the defense capacity of the plants of 
pathogenic agents being this susceptibility as an exception in the 
metabolic process, a phenomenon known as 'defense' [12]. In 
genetics, plants possess genes that code in the biosynthesis of 
substances to avoid or diminish the damage caused by pathogens 
[13]. 

The eustress factors (EF) can be of origin or biological 
nature, chemical or physical. The application of EF can increase 
the production of SM in crop, fruit and vegetable. Considering 
their nature of the eustress factors, they can be clasificated in 
two groups 1) biotic (elicitors) and 2) abiotic factors [14]. Biotic 
factors as phytohormones like JA, SA, ET, or polysaccharides 
like chitosan have been found to induce such enzymes in plants 
involve in SM production [15]. Induction of these enzyme 
molecules by exogenous application of EF and their role in plant 
defense activation improve tolerance against salinity, drought, 
pathogens, and insects has been studied in many plants [16]. The 
bioestimulants achieve the growth and development on the 
plants for others mechanism. However it has been seen that 
molecules like SA and quitosan trigger the immunity and also it 
shows bioestimulants effects on the plants [17]. According to 
[18] it has been agreed not to mix the terms eliciting with 
biostimulants. EF can act as biostimulants of plants because they 
help to tolerate abiotic stress. 

IV. PLANT SECONDARY METABOLITES 
Secondary metabolites are low-molecular weight 

compounds that are produced exclusively by specific plant 
species or taxa and are structurally very diverse [19]. SM 
participate in the protection of plants against microbial and viral 
infections, hervibory, UV radiation, attraction of pollinators, 
light spectrum, mineral salts, gaseous toxins, heavy metals, 
water, CO2, allelopathy and signaling [20]. The content of 
bioactive SM is modified by several enzymatic pathways which 

can be induced by elicitors. The SM produced in plant 
cultivation are used as pharmaceutical, flavour, fragances, 
colouring agents, food additives, and agrochemicals [21].  

Recently diverse investigations pointed out that the intake of 
certain SM will have a possitive effect on preventing incidences 
of cancers and many chronic diseases. The utilization of elicitors 
have become in a strategy for improve the production of 
secondary metabolites from plants [22]. 

V. CLASSIFICATION OF EUSTRESSORS 
The chemical composition and therapeutic activity of 

medicinal plants are determining principally by its bioactive 
compounds [3]. Stress is an important factor in determinate the 
chemical composition and therapeutic activity of medicinal 
plants. A desired chemical response can be inducing by 
elicitation, leverage the connection between plant stress and 
phytochemistry. Through utilization and manipulation of the 
plant stress response, optimal conditions can be determined to 
advance the development of many potentially beneficial 
medicinal plants [23]. 

There are some examples where EF have been probed 
experimentally in medicinal plants to enhance the production of 
their chemical compounds. 

A. Biotic 
a) Fungal  

Fungal elicitors can activate a branch of the absicic acid 
(ABA) signaling pathway in cells that regulates plasma 
membrane Ca2+ channels. The application of these fungal 
elicitors have shown an increase in the bioactive compounds of 
several medicinal plants [24]. 

Valerian (Valeriana officinalis L.), a perennial herb from the 
Valerianaceae family, produces in its roots a pharmacologically-
active sesquiterpene known as valerenic acid (VA). VA have 
sedative, anticonvulsant, hypnotic effects, and anxiolytic 
activity. The highest content of VA (3.02 mg g-1 dry weight) was 
observed after a treatment with 1% of Fusarium graminearum 
extract for 7 days. The levels of VA were 11.06 and 12.31 times 
higher than that of non-elicited control (0.24 mg g-1 dry weight) 
at exposure times of 3 and 7 days, respectively [25]. 

Psoralea corylifolia L. synthesizes diverse 
phenylpropanoids such as furanocoumarins and isoflavonoids. 
Psoralen is a furanocoumarin and is important for having broad 
range of pharmacological activities such as photosensitizing, 
photobiological and phototherapeutic properties. This extract of  
at 1.0% v/v increase the significant accumulation of psoralen 
(9850 µg g-1 dry cell weight) in the cultured cells [26]. 

Ashwagandha, Withania somnífera, contains the bioactive 
compounds withanolides and withaferin A. Piriformospora 
indica has been used as an elicitor stimulating plant growth and 
metabolism, the maximum enhancement was achieved with 3 % 
cell homogenate in 2.04 times, followed by 3 % culture filtrate 
at 1.78 times and culture disc at 1.46 times [27]. Lantana camara 
is a reservoir of bioactive compounds like monoterpenes, 
sesquiterpenes, triterpenes and flavonoid. Elicitation in L. 



 

 

camara with P. indica at 2.5 % (v/v) increased the concentration 
of triterpenoids as ursolic acid by 3.5-fold (3869.3 μg g-1 dry 
weight), oleanolic acid by 5.6-fold (1425.7 μg g-1 dry weight) 
and betulinic acid by 7.8-fold (117.02 μg g-1 dry weight) [28]. 

Panax quinquefolius L. (American ginseng) has been used 
as a health tonic for anti-stress, anti-aging, anti-tumor properties, 
with tranquilizing, cardio- vascular, and analgesic effects. The 
bioactive compounds are ginsenosides. Alternaria panax extract 
increase the ginsenoside content (276.0 mg g-1 dry weight) and 
also the ginsenoside productivity after elicitation with an extract 
concentration of 4 mg/L; this value was 3.2-fold more than the 
control group (86.0 mg g-1 DW) [29]. 

Mikania laevigata has been validated as bronchodilator, 
antimicrobial, anti-inflammatory, antiulcer and anticancer 
agent, the use of JA from Botryosphaeria rhodina fungal extract 
for 30 days enhance coumarin production. With a fungal extract 
concentration of 100 and 200 µg the production of coumarin in 
elicited plants was 1.6 and 2.3 fold higher than control [30]. 

b) Bacterial 
Bacterial extracts consist of biological mixtures from 

microorganism cultures, without identification of the active 
compounds. These extracts applied in P. ginseng hairy roots 
achieved the production of ginsenosides. G. biloba cell 
suspension cultures and Beta vulgaris hairy roots were sprayed 
with Staphylococcus aureus extracts after 24 h enhanced 
bilobalide in 2.6-fold and ginkgolide biosynthesis in 2.1-fold 
and accumulating betalain, respectively [14].  

Extracts from microbial-enriched composts stimulated 
systemic resistance to fungus. LB 5-3 strain is an endophyte 
bacteria closely related with Bacillus altitudinis, the use of this 
bacteria as elicitor in increase biomass and ginsenoside 
accumulation in ginseng adventitious root culture. After 6 days 
elicitation with a 10.0 mL of strain LB 5-3, the content of total 
ginsenoside increase 2.026 mg g−1 which is four times more than 
that in unchallenged roots [31]. 

c) Yeast extract 
Yeast extracts stimulated ethylene biosynthesis and bacterial 

resistance. Crude yeast extract at 100 µg/ml concentration was 
added to Callus and cell suspension of Calligonum polygonoides 
L. for 48 h. It found that the compounds in µg/g dry extract of 
C. polygonoides L. were higher in cell suspension than callus. 
This concentration enhanced the accumulation of quercetin, 
taxifolin and gallic acid. The increase of catechin was 4-fold, 2.3 
and 1.7‑fold in kaempferol‑3‑O‑glucuronide and astragalin 
levels [32]. 

Astragalus chrysochlorus was treated at 10 gl-1 of yeast 
extract in the 13th day. The response to this treatment was the 
increase phenylalanine ammonia lyase (PAL) activity the key 
enzyme of phenylpropanoid pathway and accumulation of total 
phenolics in 221 microg g-1 value as fresh weight (FW) after 36 
h of addition of the yeast extract [33]. 

d) Polysaccharides 
Chitosan is an ideal elicitor for enhancing the speed of 

germination and seedling invigoration that synchronize with 

emergence of radicle and salinity stress tolerance. Also, these 
help the plant to resist in response to insect attack [34]. 
Hypericum perforatum L. (St. John’s wort) is a herbaceous 
perennial plant naphtodianthrones (hypericin and 
pseudohypericin), prenylated acylphloroglucinols (hyperforin 
and adhyperforin), flavonoids (quercetin, hyperoside, rutin, and 
quercitrin), xanthones (1,3,6,7-tetrahydroxyxanthone) and 
essential oil rich in sesquiterpenes. The use of chitosan as 
elicitor enhance the production naphtodianthrones in H. 
perforatum. A treatment with 200 mg/L, β-1,3-glucan, pectin 
induced higher cell growth for about 1.3-fold (at day 21) as 
compared to control. Also, cells elicited with pectin at 
concentration of 200 mg/L and chitin at concentration of 100 
mg/L induced a maximum total flavonoids contents (from 1.6- 
to 1.9-fold) at day 4 and 14, respectively, compared to 
corresponding controls [35]. 

The effect of oligogalacturonic acid (OGA) on stomatal 
movements were examined in leaf epidermis of Commelina 
communis L. The results were the reduction of the size of the 
stomatal aperture and inhibited light-induced stomatal opening 
[36]. 

B. Abiotic 
a) Hormonal 

Paris polyphylla Sm. is a perennial herbaceous plant, it is 
commonly known as ‘‘Chonglou’’, it used as an anti-cancer, 
activate blood circulation, alleviate pain, detoxification, reduce 
swelling, inflammation and prevent bleeding, antibiotic and 
anti-inflammatory drug. The steroidal saponins from P. 
polyphylla have significant biological activities. The highest 
total steroidal saponins content (87.66 ± 1.66 mg g-1 dry weight) 
achieve in cultures treated with SA at 50 mg/L after 30 days of 
elicitation which is 3.6 times higher than the in vivo rhizome 
[37]. 

Moringa oleifera Lam. leaves are rich source of carotenoids 
and α-tocopherol. Highest α-tocopherol content, of 187.5 % 
increase in comparison to the untreated control, enhance upon 
foliar application of 0.1 mM SA after 24 h of treatment, which 
represented a 49.7 mg/100 g fresh weight. Similarly, a 
maximum of 52.6 mg/100 g fresh weight lutein, and 21.8 
mg/100 g fresh weight β-carotene content is obtained in leaves 
after 24 h of treatment with MeJA, which represented a 54.0 and 
20.3 % increasing in comparison to the untreated control, 
respectively [38]. 

Artichoke (Cynara scolymus) from Asteraceae family, is 
recognized as medicinal plant with phenols, flavonoids, 
polyphenols such as caffeic acid (CA), monocaffeolonic acid 
derivatives and other natural antioxidant. SA has significant 
effect on content of phenol and flavonoids in samples in which 
a treatment with 200 µM is applied [39]. 

Eryngium planum L. has been reported with highest 
concentrations of phenolic acids, flavonoids, saponins, 
coumarins, essential oils, and acetylenes. MeJA stimulate 
accumulation of the phenolic acids: rosmarinic, chlorogenic and 
CA. Treatment with 100 µM MeJA for 48h is an optimum 
condition of elicitation and results in approximately 4.5–fold 



 
 
 

 

increased content of RA + CGA + CA in plant material 
compared to the control (19.795 mg g–1 dry weight, 4.36 mg g–1 
dry weight, respectively) [40]. 

The effect of SA foliar application on biomass production 
and the synthesis of secondary compounds in yarrow (Achillea 
millefolium L.) has been determinated. The SA at 0.50 mM 
induce an increase in biomass accumulation of roots, total dry 
mass, ratio root/shoot and chlorophyll a and chlorophyll a+b 
content in yarrow plants. The concentrations at 0.50 and 1.00 
mM are most effective in the production of essential oils and 
total phenols, with a consequent improvement of the antioxidant 
activity of the plant extract [41].  

b) Light spectrum 
The UV-B radiation at 400μWcm-2 achieved the content of 

anthocyanins, soluble sugar, H2O2, chlorophyll, carotenoids , 
amino acid, flavonoid, chlorogenic acid and total vitamin C that 
absorbed UV-B with the floral development in medicinal 
Chrysanthemun morifolium flowers [42]. 

The leaves of Rosmarinus officinalis were elicitated with 
microwave radiation and five light qualities. The results showed 
that the highest fresh and dry weights (2.49 g and 0.177 g 
respectively) were obtained by treated with 200 watts for 60 sec. 
The highest significant antioxidant activity (314.326%) was 
given when the callus were incubated under green light [43]. 

c) Heavy Metals 
Stress with heavy metals in plants causes lipid oxidation 

processes and led oxylipins generation. Also, the growth and 
development of plants is affected by high exposures to heavy 
metals [3]. Echinacea purpurea L. Moench. Was sprayed with 
10, 25 and 50 ppm of TiCl4. The best treatment was 10 ppm, 
because this achieved an increase of 1 order of magnitude 
(R=0.10, 1000% of control [44]. 

The composition of Peppermint plant changed their 
biosynthesis and metabolism of essential oil. The treatment at 
15 ppm of cobalt enhanced the greatest fresh and dry herb yield. 
The oil accumulated of macro (N, P and K) and micro (Mn, Zn 
and Cu) nutrient content. However the 30 ppm of cobalt 
increased menthone in 37.84% and isomenthone in 15.19% [45]. 

d) Gases 
The early responses of plant to ozone exposure generate the 

accumulation of SM and Nitric Oxide (NO). This exposure 
achieve flavonol accumulation and NO generation of Ginkgo 
biloba cells [46]. Furthermore, Taxus chinensis exposed to 
ozone lead a rapid increase in the levels of the abscisic acid 
(ABA) and the embossment of Taxol production [47]. 

VI. CONCLUSIONS  
The biosynthesis of different secondary metabolites which 

have an economical importance for industries can be reached 
through activation of systemic plant immunity. Stress factors 
(eustressors) treatment is an effective strategy to induce the 
production of secondary metabolites in plants such as alkaloids, 
terpenoids, flavonoids, and phenolic compounds. There are 
several studies about the utilization of biostimulants to enhance 

the production of bioactive compounds from medicinal plants. 
The development of new production strategies where include the 
manipulation of plant stress response should be focused in 
determine the optimal conditions for medicinal plants to produce 
secondary metabolites in an intensive cultivation. In addition, 
these kind of tools can be beneficial for the wild medicinal plants 
which are overexploited. 
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Abstract— Tepetate is an underestimated material (silty sand,
in this case), vast an economical, which is used in compacted form
in low resistance layer fillings on sidewalks and platforms. This
material is found in the central region of Mexico, which has a very
low compressive and tensile strength. Soil improvement through
the addition and mixing of a selected materials can be applied in
this particular case. The selection of the appropriate material is
made from de recycling perspective.

There is an abundance of materials that could be used, within
this paper it will be given an approach to the use of recycled
polyester fibers textile waste product; such fibers will be added
and mixed randomly to finally perform the analysis at different
aggregate dosages.

Keywords—soil stabilization; soil reinforcement; tepetate;
polyester fibers; recycling material.

I. INTRODUCTION

In recent years, the environmental and economical issues
have stimulated the interest in the development of alternative
materials that can satisfy the design specifications [1]. Large
quantities of waste are generated daily from various industries
and human activities. The waste materials are defined as any
type of by-product material of human and industry activity that
has no lasting value [2]. In addition, Foti [3] said that the
problem of recycling waste materials of various types is, and
will be, without a doubt, one of the issues that most afflicts
society and that we must address and resolve in all possible
ways.

Therefore, one of the most promising approaches in this area
is the use of fiber formed waste materials in the compound
material. Materials such as polyethylene terephthalate (PET) or
plastic bottles are profusely and widely produced. Though, these
materials have been little used for engineering purposes and the
overwhelming majority of them have been placed in storage or
dumping sites. However, the use of recycled materials instead of
virgin ones, helps to relieve the landfill pressures and reduce the
extraction demand. This is a way in which the roads construction
industry is set on the way to the sustainable construction
practice. As outlined in [4] recent research focuses on the use of

waste materials in lower grades (base, sub-base, etc.) of the road
as they absorb greater quantities of materials than the upper
grades. After that, it is proposed the addition of short polyester
fiber to Tepetate and increase the soil’s compressive and tensile
strength.

II. BACKGROUND

In geotechnical engineering applications, such as load
bearing construction, erosion control and vegetation support, the
engineering properties of the soil can have a significant
influence on site reclamation and development operations,
transportation infrastructure construction, and general
construction costs and configurations [5]. The soil‘s components
can influence the soil’s load bearing capability, stability,
resistance to lateral movement, drainage and settling
characteristics. Desirable soil characteristics include good
compatibility, high shear strength, permeability, ductility,
density, low compressibility and weight.

Jones [6] pointed out that the reinforcement consists on the
incorporation of a material with the desired properties that the
other material does not possess. This is how it has been
introduced the geosynthetics, such as geotextiles, geogrid,
among others, and even more recently natural and synthetic
fibers to soil reinforcement, which have been able to avoid the
formation of tension and contraction cracks, besides increasing
of resistance and the production of a ductile behavior in brittle
soils as reported in [7 & 8].

The polyethylene terephthalate is the most common
thermoplastic polyester and is often named "polyester", this
frequently causes confusion with the other polyesters [9]. The
polyethylene terephthalate exists both as amorphous
(transparent) and as semi-crystalline (opaque and white)
thermoplastic material. The semi-crystalline has good
resistance, ductility, stiffness and hardness. The amorphous has
better ductility but less stiffness and hardness. The second
absorbs very little water. Among the most widespread uses of
this polymer it is emphasized the soft drinks and water bottles
production, as well as cosmetics, medicines, oils and jars.
Besides these products, are also used to manufacture geotextiles
and fibers for the textile industry.



Availability, economic benefits, ease of working, fast
handling and the quality of use in all weather conditions are the
advantages of fiber compound soils. Nguyen [10] assert that the
resistance and the stiffness of compound sois are enhanced by
fiber reinforcement. These properties are in function of the
characteristics of the fiber and the characteristics of the soil. Due
to the above, the properties of the soil can increase dramatically
through the addition (or subtraction) of materials to (or from)
soil. In many cases, the changes are permanent. This method is
usually called soil stabilization, since in many cases the ground
turns out more stable, with fewer fluctuations in their
mechanical properties.

Several researchers like [11, 12 & 13] have performed
resistance test on sand samples reinforced with fabric inclusions.
Gray and Al-Refeai [14] ensures that in general the results have
shown that the final strength increased with increasing layers of
fabric and the axial deformation tended to increase with a
decreasing separation between layers of fabric (increase in the
number of layers).

Therefore, authors such as Hejazy, Sheikhzadeh, Abtahi and
Zadhoush [8] and Nguyen, Hrubešová and Voltr [11] analyze
the behavior of several fibers, including those of polyester,
mixed with different soils. This investigations perform shear
strength and Standard Proctor compaction tests with different
percentages of fiber aggregate with randomly inclusion. In
addition, Yetimoghu and Salbas [15] affirm that in comparison
with the systematically reinforced soils, the soils reinforced with
randomly distributed fibers have some advantages. The
preparation of such reinforced soils imitates soil stabilization by
mixing, since the discrete fibers are simply added and mixed
with the soil, like cement, lime and other additives. The
randomly distributed fibers provide force isotropy and limit the
potential planes of weakness that can be developed in parallel
with the oriented reinforcement.

Similar research, as in [16, 17 & 18] speak in favor of the
use of synthetic fibers or derivatives thereof (liquid polystyrene
fluid, geogrids, polystyrene spheres, among others), that have
been shown to improve the mechanical properties of different
compound soils. In addition, a number of factors such as the
fiber characteristics (content, length, thickness, module, tensile
strength and failure) and soil characteristics, grain size
distribution and average piece size, influence the behavior of the
soil-fiber compond [19]. However, these documents are focused
only in some very specific cases, so it is not possible to
accurately predict the behavior of the aggregates in each type of
soil.

III. METHOLOGY AND LABORATORY TESTS ON SILTY SAND
(TEPETATE)

The soil used in testing was silty sand (Tepetate) from
Santiago de Querétaro city. The physical and engineering
properties of silty sand used are given in TABLE 1. The
characteristics of polyester fibers used as reinforcement are
given in TABLE 2. Both soil and fibers were randomly
distributed and mixed at variable dosage by mass of fiber.

Effect of randomly oriented fibers on the geotechnical
characteristics of silty sand was investigated by conducting
proctor compaction tests, unconfined compressive strength
(UCS) tests and split tensile strength (STS) tests. The details of
the tests performed and discussion of results is given in the
following sections (TABLE 3).

TABLE I. PHÝSICAL AND ENGINEERING PROPERTIES OF SILTY SAND

Property Value

Liquid limit (%) 41.43

Plastic limit (%) 37.01

Optimum moisture content (%) 26

Dry UnitWeight (kg/m3) 1448.23

TABLE II. PHYSICAL AND CHARACTERISTICS OF FIBERS

Property Value

Type Polyester (synthetic)

Cut length (mm) 10 - 20 plain

Cross section (mm) Triangular

Size of cross section (mm) 30-40

Tensile elongation (%) grater than 100

Specific gravity 1.34-1.40

Tensile strength (N/mm2) 5800-8700

Color White

TABLE III. GENERAL INFORMATION OF EACH TEST

Test

Regulation

Description

Minimum
amount of
material
for the

test
ASTM AASHTO

Particle-Size
Analysis

D 422 &
D 1140 T 88

Classification of the
material by the size of
its particles

8 kg

Atterbert
Limits D 4318 T 89

Determination of
consistency for
classification

300 g for
each test

Proctor Test D 698
T 99,
method
C

Density depending on
the moisture content 15 kg

Unconfined
Compression D 2166 T 208

Determination of the
unconfined
compressive strength of
cohesive soil

200 g for
each test

Split Tensile
Strength C 496 T 198

Determination of the
splitting tensile
strength of cylindrical
specimens

200 g for
each test



A. Moisture-Density Properties

Fig. 1. Moisture-density characteristic of the Tepetate (0 %) and reinforced
Tepetate with variable dosages of 10 mm fiber (0.5%, 1.0%, 1.5% and 2.0%)

Fig. 2. Moisture-density characteristic of the Tepetate (0 %) and reinforced
Tepetate with variable dosages of 20 mm fiber (0.5%, 1.0%, 1.5% and 2.0%)

The tests were conducted in accordance with ASTM D-698
Standard Proctor Test. These tests were carried out for different
dosages of fiber, obtaining a minimum variation in the
maximum dry density and optimum moisture of the mixtures.
From the results, it is observed that by increasing the fiber
content, the maximum dry density decreases as well as the
optimum moisture of the mixture. This is due to the fact that
polyester fiber is not absorbent, although the decrease in the
water content of the mixture turns out to be minimal. In the study
was just carried out the analysis for polyester fibers in limited
dosages. Tepetate characteristics and behavior are exposed in
the Fig. 1 and Fig. 2.

B. Unconfined Compression Tests
The unconfined compression tests were carried out in

accordance with ASTM D-2166 procedure. Three specimens
were molded by each dosage, getting a total of twelve specimens
with average size of 37.7 mm in diameter and 78 mm in length.
The mixtures were compacted with the optimum moisture in
three layers of same length and extruded of the remolding
apparatus to subsequently being weighed and tested. The test

Fig. 3. Variation of unconfined compressive strength for different length and
% of fiber

velocity was 1.0 mm/min. Based on the conducted research, it
was determined the use of polyester short fiber with length of 10
mm and 20 mm. There were four samples at different fiber
dosages: 0.0, 0.5, 1.0, 1.5% and 2.0%. The Fig. 3 shows the
maximum UCS value for each length and dosage test.

Generally, the Tepetate samples exhibit quite low UCS
values. With the addition of polyester fibers, the UCS values for
10 mm fiber mixtures increases 86.82% 185.68%, 181.81% and
160.28% for 0.5%, 1.0%, 1.5% and 2.0% for 10 mm fiber
mixtures, respectively; and 32.5%, 62.6%, 188.1% and 141.45%
for the mentioned dosages of 20 mm fiber mixtures. This implies
that as the percentage of polyester fiber increased, the UCS of
the reinforced material shows an impressive increase.

C. Splitting Tensile Strength Tests
Normally compressive testing is used for evaluating strength

of stabilized soils and there is little information concerning their
tensile strength [20]. A knowledge of the tensile strength is
needed in the study of stability of earth dams, highways, and
airfield pavements. Tensile stresses are set up due to movement
of traffic on pavement, shrinkage of soils, seasonal variation in
temperature and alternate wetting and drying of soils, etc. One
of the tests developed for evaluating tensile strength of soils is
the split cylinder test, which is also called the split tensile test,
which appears to be the simplest to perform and has been used
in this paper.

To perform the STS test on the ground, has been followed
the ASTM C-496 standard test procedure. Three specimens
were molded by each dosage, getting a total of twelve specimens
with average size of 37.7 mm in diameter and 78 mm in length.
The mixtures were compacted with the optimum moisture in
three layers of same length and extruded of the remolding
apparatus to subsequently being weighed and tested. The
specimens were placed horizontally between the position blocks
of the machine. The test velocity was 0.5 mm/min. There were
five samples at different fiber dosages: 0.0, 0.5, 1.0, 1.5% and
2.0%. The Fig. 5 shows the maximum UCS value for each
dosage test.
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Fig. 4. Schematic sketch of specimen for split tensile test

A schematic sketch of specimen for the split tensile test is
shown in Fig. 3. The STS is obtained by the following (1):

Split Tensile Strength =
2P
πtd

(1)

where P = failure load; t = thickness or length of specimen; and
d = diameter of the specimen.

Fig. 4 shows the results of STS of fiber-soil mixtures. The
curve display that the split tensile strength increased from 1.54
to 9.19 psi, more than 500% as the amount of polyester fiber
increased.

D. Relation Between Split Tensile Strength and Unconfined
Compressive Strength
The results show that soil-fiber mixtures develop substantial

unconfined compressive strength and split tensile strengths and
both of them are closely related. In Fig. 5 it can be observed that
the STS/UCS ratio of 10 mm fiber has a smooth increment for
0.5 to 1.5% dosages and then the ratio goes down with the 2.0%,
indicating that polyester fibers are more efficient when soil was
subjected to tension rather than compression.

Fig. 5. Variation of split-tensile strength/unconfined compressive strength
ratio for different % of fiber

Besides to the above the STS/UCS ratio for 20 mm fiber
length had an increment in the first two dosages then, due to an
notable increment in the UCS, the ratio for 1.5% decreases in
comparison with the other dosages. Nevertheless, in the last
dosage, that is 2.0% of fiber content, the ratio increases more
than 120% as the virgin soil.

IV. CONCLUSIONS

Based on the findings, the following conclusions can be
drawn from the study:

• With the addition of polyester short-fiber the maximum
dry density decreases. It implies that the more fiber
content the lesser dry density the sample presents.

• Compaction tests showed that limited quantities of
polyester fibers (0.5-2.0%), in both 10 and 20 mm of
fiber length, had no significant effect on optimum
moisture content of soil-fiber mixtures.

• Significant increases in UCS values were achieved for
both lengths and all dosages, with a percentage value
achieving of 87, 186, 182 and 160%, respectively for
each 10 mm fiber dosage. The percentage values for 20
mm fiber achieves the 36, 63, 158 and 141% respectively
for each dosage.

• The randomly addition of 0.5-2.0% of 10 mm plain fibers
to soil-fiber mixtures increases the STS by 167, 359, 347
and 243% respectively, in comparison to virgin Tepetate;
besides the STS values for 20 mm had an extraordinary
performance resulting in 153, 213, 286 and 497%,
respectively with the mentioned dosages, in comparison
to the virgin Tepetate. This means an impressive
increment in the STS, property that is not always
analyzed and is very important in dams stability,
highways and airfield pavements studies.

• The STS/UCS ratio increases in a smooth way with the
addition of 0.5 and 1.0% of fiber on both lengths, which
shows that polyester fiber are more efficient when soil
was subjected to tension rather than to compression.
Besides, in 10 mm fiber length to 1.5% of fiber content,
the STS/UCS ratio decreases due to an extraordinary
increment on UCS. Nevertheless, with 20 mm fiber
length the STS/UCS value increases more than four
times the virgin Tepetate value.
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Abstract—One of the most important challenges we need to 
tackle in the upcoming years is water scarcity, and reusing grey 
water in non-potable water applications (such as irrigation, toilet 
flushing, car washing, etc.) is one of the most appealing methods 
to reduce water consumption, due to grey water’s relatively low 
pollution. This project seeks to design an economic and efficient 
system to reuse grey water from a manufacturing enterprise in the 
city of Queretaro, Mexico; it will collect grey water (mainly water 
used for cleaning machinery), and then take it to an underground 
water tank, capable of supplying it when needed. The use of 
calcium hydroxide and calcium sulfate dihydrate for flocculation 
and a granular filter can be used to achieve the type of quality 
needed for reuse. According to the results, the system is most 
effective with calcium hydroxide due to its great sedimentation 
and clarity achieved, but it has the disadvantage of rising the pH. 

Keywords— (Grey water, filters, zeolite, water treatment, calcium 
hydroxide, activated carbon) 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

I. INTRODUCTION 
 In the past fifteen years the fast economic and industrial 

growth of many countries has caused several environmental 
problems, including a global drinking water crisis. This problem 
has attracted the attention of several scientists and therefore, 
some gauges have been used to measure the impact of economic 
activities on water resources. Perhaps one of the most important 
gauges is Water Footprint which measures the amount of 
freshwater needed to make a product [1]. Grey Water Footprint 
is a part of this Water Footprint, and it is measured as the amount 
of freshwater needed to assimilate the pollutants from a 
discharge of grey water [2]. It has been proved that most of the 
growth in GWF has been mainly caused by countries with a fast-

industrial growth, of which BRICS (Brazil, Russia, India, China 
and South Africa; the 5 economically emergent countries) are 
responsible for more than 87% of global GWF change [1]. With 
more and more countries trying to become an industrially 
growing nation, it is very likely that GWF will grow drastically 
in the next few decades. 

Querétaro being a region with a great industrial growth in the 
last few years should be already looking for solutions to 
counteract the imminent GWF increase it will cause in the near 
future. Otherwise, it will face a difficult water crisis in a few 
years. Therefore, aby type of decentralized water treatment 
seems like an appealing choice for Querétaro. 

However, this water crisis is not an isolated problem: Since 
all water treatment require a consumption of energy, and at the 
same time energy production uses huge amounts of water, then 
we can say a scarcity of water will cause at the same time an 
energy crisis [3] [4] [5]. This is why, it is really important to 
design a water treatment system which can be as energy-
efficient as possible, so we can tackle both of these problems at 
the same time. 

Grey water is the wastewater obtained from the discharges 
from the sink, bathtubs, showers, washing machines, and 
dishwashers, although arguably the discharges from the sink and 
dishwasher could be omitted [6]. These discharges make up 
about 75% of all wastewater produced in a regular home, or in a 
home with a vacuum toilet, about 90% of all wastewater 
produced [7]. This grey water is composed predominantly of 
carbohydrates, proteins, fats, detergents and soaps [8].  Due to 
this relatively low pollution of grey water, it is easier to treat 
than black water, and therefore, its treatment consumes much 
less energy. 
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However, studies have shown that grey water has high 
concentration of Chemical Oxygen Demand which makes 
treatment for reuse of grey water a necessity (contradicting the 
general belief). create these components, incorporating the 
applicable criteria that follow. 

The purpose of this project is to develop a system capable of 
treating grey water with least amount of energy possible. We 
achieved this through flocculation combined with a physical 
filter made of activated carbon, zeolite, fine sand, and fine 
sieves.  

II. MATERIALS AND METHODS 

A. Coagulation-Flocculation  
Turbidity and water color are mainly caused by very small 

particles, called colloidal particles. These particles remain 
suspended in the water for a long time and can pass through a 
very fine filter medium. On the other hand, although their 
concentration is very stable, the particles do not have the 
tendency to approach each other. To eliminate these particles the 
coagulation and flocculation process are used. 

Coagulation is the effect produced by the addition of a 
chemical to a colloidal dispersion resulting in particles 
destabilization by the reduction of the forces tending to keep the 
particles apart. [9]. 

The objective of coagulation is to destabilize the particles in 
suspension, that is to say, to facilitate their agglomeration. In 
practice, this process is characterized by the rapid injection and 
dispersion of chemical products. The purpose of flocculation is 
to favor the contact between the destabilized particles with the 
aid of slow mixing. These particles agglutinate to form a floc 
that can be easily removed by the decanting and filtration 
procedures.  

Coagulants are chemical products that when added to water 
are able to produce a chemical reaction with the chemical 
components of water, especially with the alkalinity of water to 
form a voluminous, very absorbent precipitate, usual constituted 
by the metallic hydroxide of coagulant that is using.  

To carry out water treatment in this study was used as 
coagulant calcium hydroxide and calcium sulfate dihydrate. 

Calcium hydroxide (hydrated lime, Ca(OH)2) is a very 
economical coagulant and gives very good results, working at 
alkaline pH between 9-11. Some of the advantages that have 
with respect to other coagulants of this type, is its ability to 
precipitate heavy metals (arsenic, cadmium, zinc, among others) 
that are in solution. 

Calcium sulfate dihydrate, another economical coagulant, it 
has a pH of 8.5 or less. But it tends to work better with a pH 
between 5 and 7.5 [10]. 

Another benefit of the use of these products is its ability to 
eliminate odors, as it also reacts with organic matter and 
microorganisms.  

  

B. Zeolite  
Natural zeolites are highly porous materials with 

bidispersive porosity. The zeolites have a system of voids, 
channels and cavities in their structure. Due to the unique 
structure, some molecules under ideal conditions can pass 
through the channel or cavity to fill the available adsorptive 
space [11]. Likewise, the large crystal surface area of the zeolites 
is accessible for adhering microorganisms such as bacteria.  

The zeolite has a structure based on volcanic minerals and 
crystals that function as ion exchangers. In turn, they have 
channels of microporous materials. It can remove particulate 
contamination down to 10µm and below, it adsorbs dissolved 
cations such as Fe, Mn, Cu, Zn, and heavy metals such as Pb and 
As, and it can remove odors and some organic contaminants 
[12]. 

In the internal part of the zeolite the presence of oxygen is 
minimal due to the excess of the external consumption, which 
causes a settlement of the bacteria and an elimination of the 
nitrate converting it into nitrogen evaporable by means of 
carbon. 

C. Sand  
Sand is a granular medium that is regularly used for water 

filtration and is the most economical and efficient way of 
separating suspended solids that are not removed by 
sedimentation. 

Filtration is a very important operation within a water 
treatment and conditioning system. Generally, the filtration is 
carried out after the separation of most of the suspended solids 
by sedimentation, although depending on the characteristics of 
the water it is possible that it enters directly to the filtration stage, 
without being settled previously [13]. This can be achieved 
depending on the amount and nature of the suspended solids. If 
the amount of suspended solids is not very large, it can be passed 
directly to the filtration stage. If the concentration of suspended 
solids in the water is a very high and it is passed directly to the 
filtration, the filter can saturate quickly, and its cleaning is 
necessary much more frequently, since the filtration cycles are 
of short duration. If previously the settling solids are separated, 
the load in the filter decreases, and it has an operation and a 
process of removal of suspended solids more efficient. 

In the filtration process, cohesive forces intervene between 
the material formed and the particles in suspension, although 
electrostatic attraction forces of the London and Van Der Waals 
forces are also manifested. The water flows through a bed of 
sand [9]. The properties of the medium, cause the water to take 
erratic paths and long paths, which increases the probability that 
the solid has contact with other suspended particles, and with the 
medium formed on the surface of the granule of gravel or sand, 
being of this retained between the different layers of filter 
material. 

 



 

 

D. Activated carbon  
Activated carbon is a carbonaceous and porous material, 

which was subjected to a physical or chemical process to 
increase its internal porosity [14] Once this procedure has been 
carried out, coal presents a series of tunnel networks that branch 
in smaller channels and so on. 

In gray water treatment, activated carbon is often used to 
bring water to higher levels of purity than can be achieved with 
traditional physicochemical and biological methods. 

Activated carbon is able to retain low polar, covalent and 
non-dissociated contaminants that are usually those of organic 
origin in any concentration [15]. Activated carbon in technical-
economic terms, is competitive with other processes, to bring 
the levels of organic pollutants from relatively low to very low. 
It has a high porosity and a large specific surface area (which 
can range from small areas to areas of thousands of square 
meters per gram) [15]. This makes this medium suitable for the 
adsorption process resulting in an optimum water treatment. 

E. Filtration system 
The filter used in the system has the purpose of retaining any 

harmful component the water might have that calcium 
hydroxide is not capable of coagulating. This ensures that the 
obtained water has a proper quality for reuse. The filter is 
separated on different layers of materials. 

First of all, there is a piece of cloth that prevents any type of 
solid residue from entering the filter itself. This is important 
because it makes the filter much easier to clean. The next layer 
is zeolite; the reason it is here is because it can remove different 
types of metals that might have dissolved in an industrial process 
and is relatively good at retaining bacteria. The next layer 
contains coarse sand which helps retain any lime that might have 
sill passed. The next layer contains activated carbon; this layer 
gets the water to a higher level of purity and reduces organic 
matter that the water might still contain. Finally, there is a thin 
layer of fine sand, which helps retain limes that might still pass. 

 
Fig. 1. Filter 

 

F. Setting up the system 
The system consists basically of three main stages. The first 

part is to collect grey water from different sources. In an 
industrial corporation the sources for grey water will mainly be: 
water used for mopping floors, for cleaning machinery, and 
water from the sink. The system will have different pipes for 
these sources and will take them to a storage tank. 

The next stage will be to pump all of the collected grey water 
into a tank with hydrated lime. The flow generated from the 
pump will create a whirlpool which will mix the grey water with 
the lime. When the water reaches a certain level, the pump will 
stop, and it will leave the water at rest. Then the water must 
remain at rest for an hour, so the lime and the soap flakes can 
settle in the bottom of the tank. 

When the lime and the soap flakes have finally settled, a 
valve will open, and it will let the water pass through a series of 
pipes. Inside of these pipes there will be a filter (described in the 
last section) and it will retain the rest of the harmful components 
the water could still have. After passing this filter it will be 
transported to an underground tank in which it will rest for 
another hour (to be sure the last of the lime or flakes settle). 

At this point, the water will be pumped back to the roof from 
where it can be sent for its reuse in toilets, irrigation, car washing 
or it could even be reused to mop floors. 

 
Fig. 2. System 

G. Determination of pH 
Measuring the pH of the water that has been treated is 

important since the high and low pH values are toxic and 
therefore represent a risk when in contact with man. The pH is 
the most important parameter in the evaluation of the corrosive 
properties of water. Likewise, it is important for the effective 
functioning of water treatment process and their control, for 
example flocculation, which is a process carried out in the filter 
presented in this work.  



 
 
 

 

The equipment used to measure the pH of water was 
pH/COND METER model D-54 brand HORIBA. To measure 
the pH with the equipment we first turned on the device, then 
verified that it is calibrated and put in the electrode at a constant 
height inside the container with the raw water and the water with 
coagulants, at last pressed the button MEAS and waited for the 
reading to be recorded. To get a mid-measurement we took three 
lectures per sample. 

H. Determination of electrical conductivity  
To measure the electrical conductivity with the equipment 

we first turned on the device and verified that it is calibrated. We 
must change the mode to COND. Then put in the electrode at a 
constant height inside the container with the raw water and the 
water with coagulants, finally pressed the button MEAS and 
waited for the reading. 

 

I. Determination of settleable solids  
The settleable solids test is the measurement of the volume of 
solids in one liter of water that will settle to the bottom of an 
Imhoff cone during an hour. 

The determination of settleable solids was done according to 
the NMX-AA-004-SCFI-2013. The procedure consists in fill the 
Imhoff cones to the one-liter mark with a well-mixed sample. 
Wait for sample to settle in the Imhoff cone for 45 minutes, stir 
the sample with a glass rod to remove matter clinging to the sides 
of the Imhoff cone. Then, let sample settle for an additional 15 
minutes and finally take the measurement in milliliters in the 
Imhoff cone. 

 

III. RESULTS 
 

This particular system is going to be installed in an industrial 
company in the city of Querétaro, in which about 87% of the 
wastewater is produced by cleaning oils from machinery and the 
floor with degreasers, detergents, and soaps. Normally, they pay 
another company to take this waste water (since it has a high 
concentration of oils, so they can't dispose it like regular water). 
Because of this, this company finds the system really appealing 
since installing it would reduce both water consumption, and 
wastewater production.  

Table 1. Characteristics of raw grey water 

Because of the type of contaminants this water has, it is a good 
way to test the limitations of our system (it contains degreaser, 
grease, oil, and grime, which is the worst-case scenario for grey 
water). So, we took a sample of the water and ran a simulation 
of what our system would do to this type of water. 

TABLE I.  RAW GREY WATER CHARACTERISTICS 

Parameter Raw grey water 

pH 10.98 

Electrical conductivity 4.12 S/m 

TABLE II.  COAGULATION 

Parameter Calcium hydroxide Calcium sulfate 
dihydrate 

pH 13.1 10.85 
Electrical 
conductivity 

5.84 S/m 5.26 S/m 

Setteable solids  100mL/L 50mL/L 
 

 
Fig. 3. Jar test 

   

Fig. 4. pH-meter 

The jar test, fig 3, equipment was used for mixing the grey water 
with 2 g of each coagulant, for 1 minute at a speed of 10 RPM. 

The pH analysis, in fig 4, was used as a first parameter and the 
results showed that calcium hydroxide elevated the pH of the 
water in comparison with the calcium sulfate dihydrate, as seen 
in table I and table II. While tap water showed a mid-
measurement of 8 and the raw grey water showed a mid-
measurement of 10.98, the water obtained post-coagulation with 
calcium hydroxide showed a measurement of 13.1 and the water 
obtained post-coagulation with calcium sulfate dihydrate 
showed a measurement of 10.85. This may be due to an 
excessive amount of calcium hydroxide in the mixture. The 
treated water from this process is not suitable for human 
consumption, but it can be used for cleaning purposes in 
different industries. Although, calcium sulfate dihydrate as a 
coagulant does not modify the pH of the water. 

 



 

 

   

Fig. 5. Imhoff cones 

The electrical conductivity, in table I and table II, was used as a 
second parameter. In comparison with the raw water, with a 
value of 4.12, the water treated with calcium hydroxide had a 
value of 5.84 s/m and the water with calcium sulfate dihydrate 
was 5.26 s/m. 

For the Imhoff cones test (fig 5), it is not necessary to do any 
calculations to determine the settleable solids. The data obtained 
after the one-hour test is the result. As noted in the table II and 
the fig 3 left site, the settlement for the calcium hydroxide is 
better, even the water is clearer, in the case of the calcium sulfate 
dihydrate (right side of fig 5), the particles were floating, and the 
settlement was less notorious. 

After the settlement we passed the water through the filter, the 
characteristics remained the same, but the water is clearer in the 
case of the calcium hydroxide.  

However, we think that the system needs to be refined a little bit 
more before being installed in a real place, as well as studying 
the concentration of contaminants. But for the moment the best 
option, to treat the grey water is the calcium hydroxide, even 
though, it raises the pH.  
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Abstract— The soldier fly larva is an insect of economic and 
nutritional value since it is known that in its larval stage they have 
a great capacity to convert organic matter into biomass, however 
there are several factors that influence the development of soldier 
fly larvae (BSFL). ) as the pH, temperature, humidity, food and 
population density. This last aspect has been little studied, that is 
why this work focuses on the effect of density on biomass gain in 
BSFL (Hermetia illucens). Three different densities were 
evaluated, the first density was one larva for each gram of food; 
the second density was one larva for every two grams of food and 
the last density was one larva for every 4 grams of food. To 
measure the production of biomass, three measurements were 
made throughout the development of BSFL in which the weight, 
length and width of each larva was taken into account. The 
treatment that gave us the best results was that of one larva for 
every four grams of food since a greater weight gain was observed 
in comparison with the other two treatments. 

Keywords— Black soldier fly larvae (BSFL); yield; stocking 
density; biomass production.  

I. INTRODUCTION  
Due to the rapid growth of the world population, which is 

expected to reach 9,000 million people by 2050, global food 
demand will increase by almost 100% between 2005 and 2050 
[2,13], while food production is expected for animals and 
humans through agriculture will increase by 60% [14]. For this 
reason it is looking for alternative food sources to plants or 
animals of common human consumption that can provide 
quality nutrients without compromising the environment and 
one of these alternatives is the use of insects. Insects are 
everywhere, reproduce rapidly and have high rates of growth 
and conversion of feed, as well as a reduced environmental 
impact during their life cycle. They are nutritious, since they 
contain high levels of proteins, fats and minerals [14]. They can 
be reared using various waste streams, such as food waste [3]. 

The soldier fly (Hermetia illucens) is considered an 
organism of value among insects, since it has a great versatility 
to transform organic wastes of diverse origins into biomass [6 

], which can be used for animal feed or for obtaining 
macromolecules . However, there are several factors that affect 

the performance of this larva, among which are temperature, pH, 
humidity of the substrate and density of culture [9]. Regarding 
the density of culture, few studies have been done to know what 
is the optimum density to improve the yield between these 
studies is one where a larva density per square centimeter and 
the feeding rate per day is tested with what it was possible to 
obtain the optimal variables for the production of biomass from 
this type of waste [10] and studies of this organism have also 
been carried out on residues such as manure [9], food residues 
from restaurants [9] and residues such as rice straw [8]. That is 
why this study focused on seeing the effect of three different 
densities on the yield in the biomass generated from a control 
diet based on wheat bran, corn flour and feed for broiler chicken. 
We chose this food because it is the one used in the Autonomous 
University of Querétaro for the production of this larva and it is 
of great importance to know which is the optimum to be able to 
improve the production of this organism. 

II. MATERIALS AND METHODS 

A. Animal Specimen 
The soldier fly larvae (BSFL) were obtained from the soldier 

fly breeding pilot plant (BSF) of the Amazcala campus 
engineering faculty located in the municipality of Marqués in 
the state of Querétaro. The larvae used in this work were of an 
age of 6 days fed on a diet based on corn, wheat bran and feed 
for broiler chicken mixed with water and kept in conditions of 
60% humidity and temperature of 28 0 C ± 1. 

B. Experimental Conditions 
The experiment was carried out in a memert brand stove with 

a controlled temperature of 27 0C ± 10C and a humidity of 60%. 
Plastic bottles of 500 ml capacity were used, in which a known 
quantity of larvae and diet was placed, which consisted of a 
mixture of wheat bran, corn flour and feed for broiler chickens. 
Each container was covered with a blanket of sky to let the air 
flow inside each one and thus avoid the appearance of fungi. The 
larvae were only fed once in the whole experiment which lasted 
15 days.  



 
 
 

 

C. Treatments 
      Three different densities of soldier fly larva culture were 
used as shown in the following table. 

TABLE I.  TREATMENTS 

 
Treatment 

 
Diet (grams of 

wet weight) 

 
Number of 

larvae 

Overall initial 
larvae biomass 
(grams of wet 

weight)  
1 100 100 0.30995 
2 100 50 0.14995 
3 100 25 0.08885 

 
Three vials were placed with 100 grams of substrate which 
consisted of wheat bran (50%), corn flour (20%) and feed for 
broiler chicken (30%) mixed with water until a pasty 
consistency was achieved. Different quantities of larvae were 
added to each bottle, in the first bottle the density was 1 larva 
for each gram of diet; the second was 1 larva for every 2 grams 
of diet and the last 1 larva for every 4 grams of diet. Three 
measurements were made throughout the experiment, which 
included the length, width and weight of a sample of larvae 
taken at random from each treatment; the first measurement 
was made at the beginning of the experiment, the second was 
done in the middle of the experiment and the last was done at 
the end of the experiment. The experiment ended as soon as the 
larvae began to pass to the pre-pupal stage, which happened 
fifteen days after the beginning of the experiment. Each 
treatment was done in duplicate.  

D. Growth and Feed Conversion 
     The growth of the larvae was reflected in the increase of 
their size (width and length) and weight throughout the 
experiment. The feed conversion was calculated with the 
formula developed by Scriber & Slansky [11], which is: 
 

B = (I-F) – M 
 

ECD = B / (I - F) 
 
    Efficiency of Digested Feed,  where B is total feed used for 
growth of larvae, I is the total feed during experiment, F is total 
feed residue during experiment (undigested food + excretory 
product), M is total feed metabolized by larvae. All materials 
were calculated in wet weight (g). 
 
     Relative growth rate of larvae was calculated by 
Waldbauer’s formula [15]. 
 

RGR = In Wn – Wo / t 
 

Where Wo is initial weight of larvae (mg wet weight), Wn is 
final weight of larvae (mg wet weight), and t is the time spent 
in development. 

E. Data analysis 
      The statistically significant differences were determined by 
ANOVA analysis of variance (using an alpha of .01) to 
demonstrate the effect of the different treatments applied. 
 

III. RESULTS AND DISCUSSION 
The "Fig. 1 "shows the increase in biomass over the fifteen 

days that the experiment lasted, it can be seen that from day 
seven to day fifteen there was a decrease in the weight of the 
larva and this is because at that stage the larvae began to move 
to the stage of pre pupa in which it is known that at the beginning 
of the metamorphosis they consume a little of their biomass for 
this process [8]. Another thing that we can notice is that there 
were significant differences until the fifteenth day in which it is 
shown that Treatment three is the best in terms of biomass gain. 
In table two we can see that something peculiar happens with 
the EDC since in treatment three the value is low, this could be 
due to the fact that since the larva has enough food, it does not 
focus on feeding quickly [5], however we can realize that in the 
RGR treatment three is the one with the highest value, which 
tells us that the relative growth rate is better when you have a 
density of one larva for every four grams of food. In "Fig. 2 "we 
observed that there are significant differences on day seven 
between treatment one and treatment two and three, but this 
changes to day fifteen in which there is a statistically significant 
difference in treatment three. In "Fig. 3 "we see that as in" Fig. 
1 "there are no statistically significant differences on day seven 
but on day fifteen if there are any and in the same way it is in 
treatment three where we can notice that the length of the larva 
increased mostly in comparison with the other treatments. As we 
can see according to the results of this work, treatments one and 
two did not have statistically significant differences and 
therefore are not the optimal densities for the correct 
development of BSFL nor for the biomass gain and this may be 
due to the scarcity of food [7], since having more larvae creates 
a competition for food which generates that if there is a higher 
feeding speed but little biomass gain due to the small amount of 
food.  

TABLE II.   GROWTH AND 
FEED CONVERSION 

Treatment ECD RGR  (mg/mg/day) 

1 0.3821 0.0107 

2 0.2098 0.01148 

3 0.1299 0.1474 
 

It should also be mentioned that the density of culture 
influences the environment in which the larva develops since in 
the experiment it was observed that at a higher density of the 
crop the food was kept humid and homogeneous instead in the 
containers where there was a density of low culture can be 
observed that a layer of fungi was generated which could be 
good because the diet would have a different composition, 
which could influence the development and composition of the 



 

 

larva. It was also observed that in the containers with a high 
density, the food lost moisture very fast which is due to the 
generation of heat due to the bacteria that cause the 
decomposition of the food and the metabolism of the larvae [14]. 
Another important aspect is that a greater number of larvae per 
gram of food generates cannibalism in this organism and 
therefore there is a high mortality rate. 

 

Fig. 1. Increment of individual biomass in Hermetia illucens larvae  cultivate 
in three diferent densities.  

 

 

Fig. 2. Increment of individual width in Hermetia illucens larvae  cultivate in 
three diferent densities  

 

Fig. 3. Increment of individual length in Hermetia illucens larvae  cultivate in 
three diferent densities. 

IV. CONCLUSION 
In general, an increase in weight is observed over fifteen 

days. However, there is a decrease in the width of the larvae and 
an apparent stagnation in the length. This phenomenon is very 
interesting and shows a peculiar behavior when compared to the 
growth of other organisms. 

The experiment shows evidence that there are dense-
dependent effects that favor the accumulation of biomass in the 
density of one larva for every four grams of food, punctually on 
day fifteen. According to the data obtained in this work, it can 
be concluded that the higher density of larvae per food the 
biomass gain is less contrary to what happens when there is a 
low density of larvae per amount of food, which agrees with 
previous studies [8,13]. 

The optimum density for the gain of biomass in larva of fly 
soldier is one larva for every four grams of food, it is worth 
mentioning that this optimum is when fed with a mixture of 
wheat bran (50%), feed for broiler chicken (30%) and corn flour 
(20%). These results are of importance for the development of 
fly larva production farms since this can increase the production 
of biomass and produce an alternative source of protein which 
is friendly to the environment. It is worth mentioning that it 
would also be important to assess whether the larval protein 
composition is affected by density, these studies are intended to 
be done later, and in other studies it has been found that the 
composition of the food given to the larva influences the 
development time, biomass gain and feed conversion efficiency. 
It is suggested to continue studying the behavior of this insect in 
different means of feeding to achieve a diet that helps to make 
more efficient the process of conversion of food into biomass in 
order to have an alternative generation of protein that is not of 
animal origin. 
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Abstract — Light-emitting diodes (LEDs) have marked great 

advances on horticultural lighting as they allow the control of 
spectral composition, photoperiod and adjustment of luminous 
intensity with a low radiant heating power and high useful lifetime. 
In this article, the description of the method and theoretical 
considerations for the design of a LED module, that accomplishes 
plant developmental needs, is presented.    

 
Keywords — LED module, artificial photoperiod, light quantity, 

light quality   
 

I.  INTRODUCTION 
 

During the LED module design procedure, three concepts are 
considered to accomplish plant’s needs: photoperiod, light 
quantity and light quality. Photoperiod refers to daylength 
(Light: Darkness) and defines the seasons and latitudes under 
which, any crop or ornamental plant can be grown, regulating a 
number of developmental events such as steam and leave 
elongation, formation of storage organs, flowering and sex 
expression [1]. Light quality is defined as the spectral 
distribution of photons (wavelength) [2], generally referring to 
the Photosynthetically Active Radiation (PAR), with range of 
400 nm<λ<700 nm [3], specially red and blue; however current 
research is being done in Far-Red (FR) and Ultraviolet (UV) 
ranges because their effect on secondary metabolism as shown 
in [4], [5], [6] and [7]. Light quantity is related with the amount 
of photons per unit area per unit time intercepted by a flat 
surface (µmol m-2 s-1) [8] 
 
LEDs are widely used in indoor horticultural farming 
presenting the next advantages [9]: 
• Capability of true spectral composition control, allowing 

wavelengths to be matched to plant photoreceptors to 
provide more optimal production and to influence plant 
morphology and composition.  

• They are easily integrated into digital control systems, 
facilitating special lighting programs such as “daily light 
integral” lighting and sunrise and sunset simulations. 

• They have become economically feasible for even large-
scale horticultural lighting applications. 

 
 

II. LED MODULE DESIGN 
 

A. Wavelengths, light quantity and LEDs 
 

Four wavelengths ware considered for the design: UV, FR, red, 
blue. Each corresponding LED is described in Table 1. 
 

Table 1. LEDs description 
 UV FR Red Blue 

Wavelength (nm) 410 - 
420 

710 - 730 625 460 

Voltage (Vcd)   3 - 4 1.85 2.1 3.2 
Current (mA) 350 350 350 350 

Power (W) 1 1 - - 
Viewing Angle (°) 125 150 165 165 

Radiant Power 
(mW) 

440  231 - - 

Luminous flux (lm) - - 48 25 
Model U70 3S4S-1 ARS01 NNP01 

 
For most plant species, a suitable light quantity ranges from 100 
to 200 µmol m-2 s-1 distributed in all PAR wavelength [10]. A 
quantity of 45 µmol m-2 s-1 were chose for red, 30 µmol m-2 s-1 

for blue, 15 µmol m-2 s-1for RF and 10 µmol m-2 s-1 for UV.  
 
 

In order to calculate the amount of LEDs, the energy of a single 
photon produced for each wavelength was calculated with 
equation (1), where Ephoton is the energy of a single photon, h is 
the plank constant, c is the light speed and λ is the light 
wavelength [10].  

𝐸𝑝ℎ𝑜𝑡𝑜𝑛 =
ℎ𝑐
𝜆     (1) 

 
The radiant power is needed to calculate the micromoles per 
second that each LED emits. This value was calculated with 
equation (2) where Rp is the radiant power and NA is the 
Avogadro number. Radiant power of blue and red light can be 
calculated with the luminous flux and the Relative Luminous 
Efficiency Function. The number of LEDs were calculated with 
equation (3) [10]. 
 

𝜇𝑚𝑜𝑙 ∙ 𝑠−1 = 1𝑥106 𝑅𝑝
𝑁𝐴𝐸𝑝ℎ𝑜𝑡𝑜𝑛

      (2) 

 
𝐿𝐸𝐷𝑠 = 𝐿𝑖𝑔ℎ𝑡 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦

𝜇𝑚𝑜𝑙∙𝑠−1        (3) 
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The application of equations (1), (2) and (3) resulted in 31 red, 
12 blue, 11 FR, and 7 UV LEDs. In order to accomplish the 
amount of LEDs, they were divided in two modules of 16 red, 
6 blue, 6 FR and 4 UV LEDs each. 
 
B. Circuit and electronic design 
 

Since all LEDs consume 350 mA with different voltage, each 
color LEDs were placed in series (Figure 1). The block diagram 
of electronics is shown in Figure 2 and consisted on four 350 
mA current sources (LDH-45A-350W) connected to a single 
voltage source of 12 Vcd, each current source has dimmable 
capability in order to control light intensity. Figure 3 shows the 
circuit used for the LED module (Figure 4).  
 

 
Figure 1. Circuit design of LED module. 

 

 
Figure 2. Block diagram of the circuit for the LED module. 

 

 
Figure 3. Electronics for module operation 

 

 
Figure 4. LED module 

 
C. Luminous flux test 
 

A luminous flux test was performed with the red and blue 
LEDs. This test cannot be performed with RF and UV LEDs 
since the luxometer (LX1010BS, BeMatik, Barcelona, Spain) 
only senses visible light. Figure 5 and Figure 6 shows the 
luminous intensity of the blue LEDs at one and two meters from 
floor. Figure 7 and Figure 8 shows the luminous intensity of the 
red LEDs at one and two meters from floor. 



   

 

 

 
Figure 5. Luminous intensity of blue LEDs (One meter from floor) 

 
Figure 6. Luminous intensity of blue LEDs (Two meter from floor) 

 
 

 
Figure 7. Luminous intensity of red LEDs (One meter from floor) 

 
III. CONCLUSION 

 
The design of a LED module for plant experimentation is 
presented. This device contains four important wavelengths for 
plant development and will be used for research in Campus 
Amazcala of the Universidad Autonoma de Queretaro. 

 

 
Figure 6. Luminous intensity of red LEDs (Two meter from floor) 
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Abstract 

 Differential subsidence is a natural and anthropogenic 
phenomenon that affects the rural and urban 
infrastructure of an area in the measure of its longitudinal 
development and influence band, producing physical 
damages that are translated as economic losses for the 
owners and that to this date exist very few studies related 
to its systematized assessment. 

The aim of this paper is to assess the economic impact 
produced by one of the geological aseismic faults or 
associated to the differential subsidence affecting the city 
of Querétaro, Qro.; to the extent of its proximity and 
potential risk. For this, the methodology proposed by 
Hernández Madrigal [1] was used, methodology which 
proposes a demerit factor for the concept of belonging and 
proximity to the fault within a Geographical Information 
System. 

Keywords—Subsidence; Value; Factor 

I. INTRODUCTION  
 Differential subsidence, also known as subsidence of the 

land, is explained by the overextraction of underground 
liquids mainly gas, oil and water. For an urban area, the 
overexploitation of groundwater lowers the phreatic stratum 
and consequently reduces the pore pressure of the 
unconsolidated materials that make up the aquifer, increasing 
the effective effort and consequently a decrease in the 
fluviolacustrine deposit that on the surface is seen as 
subsidence of the ground [2]. Mexico is one of the main 
countries with problems of overexploitation of groundwater as 
a trigger for regional subsidence that affects many cities 
within the Mexican Republic, including Celaya [3], Mexico 
City [4], Irapuato, Salamanca [5], Aguascalientes, Morelia [6] 
and for the purpose of this research Querétaro [7] that links 
the subsidence models of the Querétaro valley with the 
increase of effective efforts in the soil mass caused by the loss 
of hydraulic support that give as result, superficial cracking. 

 Although its presence in rural and agricultural areas is 
common because of the natural lines of channels and the 
formation of escarpments that divide the slope of the land, in 
urban areas, it has been due to the unconscious extraction of 
underground liquids used to meet the needs of the population, 

increasing the number of extraction wells of liquids and 
reducing the natural recharge times of the phreatic stratums. 

 The impact of regional subsidence in urban areas is 
mainly economic, but it can also represent potential risks of 
deformation in civil engineering projects with historical 
significance, ruptures of special facilities at the subsoil level, 
and in buildings of more than two storeis it can generate 
collapses that put at risk the population's safety and 
construction functionality. 

 In Mexico, losses of several million pesos are assumed, 
losses derived from the demolition and reinforcement of the 
structures that have been compromised by the sinking of the 
ground [8], as well as the aesthetic and structural damage of 
multiple households and public buildings as a consequence of 
the unevenness of the land that comes in contact with the 
buildings. However, these estimates for the case of Querétaro 
are generalized to subjective knowledge and to the lack of 
fundamental mathematical and valuation principles in 
estimating the economic impact of differential subsidence. 

 Valuation, properly called valuation, is the science that 
allows us to determine the value of a good by applying a 
calculation model that involves both the variables that define 
and distinguish the good and the economic and temporal 
environment in which that good is located [9]. 

Being a professional science that requires value analysis 
under conditions of current situation, it proposes that for an 
accurate estimate it is necessary to consider all the factors of 
merit and demerit belonging to the good. One of the most 
neglected factors of  Geography are the failures that surround 
the real estate, specifically the differential subsidence, when 
applying the methodology proposed by Hernández Madrigal 
[1] to calculate this demerit factor it is possible to quantify 
individually the economic loss of a property through the 
product of the demerit factor or depreciation factor and the 
value of the affected property, its sum will be denoted as the 
total economic impact and the sum of the failure systems as 
the global economic impact.       

Two property values applicable in the methodology can be 
used: i) cadastral value [10] calculated on street value by 
region and sector and ii) land value and construction which 
requires an analysis by surfaces and types of construction of 
the properties involved that must be compared with the tables 



 
 

 

of unitary values of land and buildings of the municipality of 
Querétaro, Qro., tax year 2018 [10]. 

One of the main problems of assessing damage to 
properties that have been affected or are regionally involved 
with a influence band lies in the methodological ignorance to 
follow when the phenomenon of subsidence or differential 
collapse occurs in the valuation of real estate. Although there 
are different valuation methodologies considered polygonal 
expressions to assign a value such as future value [11], 
replacement cost [12] and regression and statistical prediction 
methods [13] to this date there are only two methods of 
economic impact assessment, specifically focused on the 
effect of differential subsidence, the Julio Miranda method 
[14] that requires the participation of a professional in 
damaged material in situ and the Hernández Madrigal method 
[1] product of the value of the property affected by a 
respective demerit factor . Both considered as methods of 
linear expressions capable of being applied in the economic 
impact analysis research work. 

Fig. 1 shows an example of apparent physical damage 
resulting from a difference in terrain associated with the 
differential subsidence for one of the neighbourhoods of the 
Metropolitan Zone of Querétaro, Qro.  
 

 
Fig 1.  Subsidence, Social consequences of an induced disaster San Antonio 
street , Neighbourhood San Pablo [15]. 

 It is for this reason that in the present research work the 
Hernández Madrigal method [1] will be applied to calculate 
the depreciation factor by subsidence of the land, which was 
designed specifically for the geological and cartographic 
characteristics of the city of Querétaro, the fault systems 
selected for the study area. 

II. STUDY AREA  
 The city of Santiago de Querétaro, located in the 

municipality of Querétaro with code 014 of the eighteen 
municipalities of the State of Querétaro, is located in the 
center-west of the Mexican Republic and in the south-western 
part of the State of Querétaro; it is part of the hydrological 
region number 12 called Lerma-Santiago and according to 
information from the municipal geostatistical framework of 
the National Institute of Statistics and Geography (INEGI) 
[16] it has an urban area of 12,709.40 ha and 65,965.70 ha of 

rural area; which means that the 19.20% of the municipal 
surface corresponds to urban areas and 80.80% corresponds to 
rural area. However, the intercensal estimate 2015 [17] reveals 
that the municipality of Querétaro has a population of 878,931 
inhabitants, which represents that more than 52.00% of the 
population is settled in the conurbation zone of the city of 
Santiago de Querétaro, this is the reason why the State of 
Querétaro is among the states with the highest population 
density per square kilometer and, like many States, it also has 
its own geological faults that affect urban properties at 
different scales [18]. 

 As for the stratigraphy Fig. 2, in the central part of the 
Queretaro Valley, alluvial sequences (Q Al) have been 
identified, these sequences composed mainly of clays, silts 
and fine sands with variable thicknesses of up to 50 meters. 
The unit that fills a large part of the valley (Tp Ar Cg) is 
composed mainly of a sedimentary sequence composed 
mainly of conglomerates as well as sequences of lacustrine 
origin formed by gravel, sands, silts and normally graduated 
clays. These are interdigitated with thin horizons of 
pyroclastic rocks of silica composition. Below this filling are 
volcanic rocks that emerge as fisural spills (Tmt AB), the 
basaltic spill is followed by a sequence of tuffs, gravels, sands 
and clays moderately consolidated with abundant pyroclastic 
materials (Tom Py Lac). Below these sediments is a sequence 
of Tertiary rocks (Tp AB) that lie on a limestone and 
sandstone unit (Ki CzAr) [19,20,21]. 

 
 The composition that most favours the phenomenon of 

differential subsidence is that which complies with the largest 
amount of fluviolacustre deposit formed mostly by gravels, 
sands and silts that give possibility to leave spaces between 
their pores once the hydraulic sustenance is removed giving as 
a result superficial cracks [7]. 



 

 

Fig. 2  Geology of the southern area of the municipality of Querétaro [15,20] 

The population growth in recent years has generated an 
urban sprawl in the municipality of Querétaro that produces an 
increasingly critical water imbalance. Due to the extraction of 
water necessary to satisfy the demand and the continuous 
increase of asphalted and paved surfaces that inhibit the 
infiltration and recharge of the aquifers, the process of 
differential subsidence is increasingly noticeable in increments 
of lengths and unevenness as well as increases in the number 
of aseismic faults in the city. The number of failures of which 
there is registration and the cartography will depend on the 
sources of information used. This research project 
contemplates the failures and fractures of the Partial Plan for 
Urban Development [22], Atlas of Risks of the Municipio de 
Querétaro [15] and points of subsidence and cracking of the 
National Institute of Statistics and Geography [23] 
downloaded and imported into the ARCMAP 10.4 program 
for the manipulation of information layers that will later be 
exported from the shape (.shp) format to the (.dwg) format for 
its combined manipulation with the other sources of 
information. 

The result of visualizing all faults and fractures in a single 
map will allow to select the one that is recognized by the three 
sources of information for an economic impact analysis 
produced by differential subsidence in urban areas. 

 

III.  METHODOLOGY 
The methodology for the calculi of Economic Impact (EI), is 
based on including terms of effect of orientation, proximity 
and belonging of the failure with respect to an affected 
property by means of the following equations:                                       

                       !" = !!! + !!! +⋯+ !!!                   (1)            

                                 !!! = !!! ∗ !!!                             (2) 

Where: 

EI: Economic impact for aseismic ground failure (MXN); 
ELi: Economic loss of the property i (MXN); 
PVi: Property value i (MXN); 
DFi: Depreciation factor (percent). 
 
 So far it is said that the Economic Impact (EI) is the result of 
the sum of each economic loss (ELi) that covers the area of 
affectation in each property. 

For its calculation, the Hernández Madrigal equation [1] 
defines it as the value of the property (PVi) by its respective 
demerit factor (DFi) that will be calculated by the following 
expression: 

                                    !!! =
!!!
!!

! !
!!

!                                  (3) 

Where: 

DFi: Depreciation factor of the property i (percentage); 
AA! : Affect area of property i (m2) 
A! : Total area of property i (m2) 
di: perpendicular distance from the centroid of the property i 
to the axe of the failure, di ≥ 1 m. 

Thus, the depreciation factor or demerit factor by the value of 
a property results in an individual economic impact, while the 
sum of the impacts obtained will then be the total impact, as 
the reach of the analysis is required. 

The application of the methodology should be repeated for 
each failure that is wished to include in the global analysis and 
categorizing the depreciation factors according to the range of 
influence proposed by Hernández Madrigal [1] with the 
following table: 

TABLE I.  SPECTRES DEPRECIATION FACTOR 
Hernández Madrigal et al., 2014 

Depreciation Factor 
Range Level a Color 

[0.03 - 0.09] Very low  

[0.10 - 0.16] Low  

[0.17 - 0.38] Medium  

[0.39 - 0.58] High  

[0.59 - 0.87] Very high  
aRisk level Depreciation Factor 

 



 
 

 

The terms of equation (3) represent the effects of 
ownership and proximity of the property in relation to the axis 
of the fault associated to the differential subsidence, so that 
the depreciation factor (DFi) is estimated according to its 
spatial relationship from very low to very high risk using 
Table 1. 

IV. RESULTS 

The spatial distribution of a failure was obtained from the 
Atlas of Risks for the municipality of Querétaro with 1.40 km 
in length and a band of influence of 20.00 m which involves 
151 properties in the Residential Italia, Residencial Galindas, 
Neighbourhood Ensueño and Neighbourhood Prados de la 
Capilla, all belonging to the Felipe Carrillo Puerto delegation. 
Fig 3 shows the development of the depreciation factor for the 
study area: 

 
Fig. 3 Spatial distribution of properties affected by Galindas failure [own 
elaboration] 
 
The following table exemplifies the calculation of 10 
properties for the study area corresponding to Residential Italy 
of Fig. 3 amplified: 

 

TABLE II.           CALCULATION OF DEPRECIATION FACTOR 
[own elaboration] 

 
 
 
 
 
    
 
 
 
The depreciation factor (DFi) represents ownership and 
proximity effects for the 151 affected properties regarding the 
Galindas failure, which multiplied by the values of the 
property will result in the individual economic loss for each 
property. 
For the value of the property (PVi) the tables of Unitary 
Values of Land and Buildings of the Municipality of 

Querétaro, Qro., for the tax year 2018 published in the official 
newspaper of the State Government of Querétaro "La Sombra 
de Arteaga" December 18, 2017 in volume No.88, valid for 
the current year of this study. 
The land value assigned by sector and area multiplied by the 
land area will result in the property value (PVi) to be used in 
the economic impact methodology. 
 The value of a property multiplied by the depreciation factor 
will result in the individual economic loss (ELi) of a land 
affected by a fault associated with the differential subsidence. 
Table 3 shows the summation for land value and economic 
loss due to failure whose sum will result in the economic 
impact of the Galindas failure.  

 
TABLE III.           ECONOMIC IMPACT 

[own elaboration] 
Economic Impact Failure Galindas 

ID PVi  ELi  

Σ (1-151) $617,464,477 $72,898,593 IE 

 
 The economic impact (EI) resulting from the sum of all 
economic losses (ELi) of the study area results in $ 72,898,593 
pesos for the Galindas failure, this being a demerit to the value 
of the land due to land subsidence. 

V.   DISCUSSION  
The method has proven to be effective for the purpose of 

discretizing and quantifying the economic impact caused by 
aseismic ground failures in each property, without limiting 
itself to the fact that important variables that also define the 
value can be added to the equation, such as the type of 
construction and geotechnical properties of the soil. Its 
application promotes mitigation and prevention measures that 
can be adopted by different government levels and as an 
analytical factor in the development and planning of new 
urban areas. Pretending to present and disseminate its 
application to the reports of valuation experts who are 
concerned in quantifying the economic damages caused by 
this phenomenon. 

VI. CONCLUSION 
The economic impact caused by a failure that affects the 

city of Querétaro was estimated. 
The equation of the methodology can be considered as a 
standard criterion in the practice of the valuation of an 
individual property or zone as a whole in a way that allows to 
change the evaluation from subjective to systematized when 
establishing the economic loss of a failure. 
Likewise, the analysis of Economic Impact by region to 
promote mitigation and prevention measures by the 
governmental systems in their different Federal, State and 
Municipal levels in their tax calculations and damage caused 
by extractions of fluids in urban areas. As well as an analytical 
factor in the process of planning and development of new 
zones of human settlement. 
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Abstract  

The growth of the population increases year after year and with it 
the demand for space. In rural areas most of the population does not 
have decent housing, without any planning of any kind, the project 
aims to design a model of housing in the AutoCad program based on 
clay materials to improve the quality of life of families as a result 
shows the design made in the program with the given specifications 
of each aspect of the house 

 

 Keywords: design, rural area, clay materials, quality of life. 

 

I. INTRODUCTION 
 

PLANNING OF THE PROBLEM 
 
Population and settlements are mostly accumulated in pre-
mountainous lowlands, river valleys, lower parts of 
mountainous valleys and plateaus, not equal spatial distribution 
of population and settlements, big variation of population 
numbers of rural settlements, uniqueness of demographical 
processes, big differences in people's occupation and economic 
functions of settlements, a big diversity of morphology of 
villages and low level of communication and connections 
between settlements, (A.H.Potosyan, 2017) 

 

Households that have a settlement in rural areas tend to have 
a distribution that will be under compliance mainly of their 
natural and socioeconomic conditions. On the one hand, the 
natural conditions (First of all, the quality of the land and its 
attachment to conserving practices for agriculture) will represent 
a fundamental part for families to take into account at the 

beginning of rural settlement, on the other hand , socioeconomic 
factors (referring to their agricultural practices and migration 
processes within families) is what will generate a stable idea of 
the spatial structure of a system that is what will start the 
settlement in general, therefore begin to create peoples attached 
to their traditions and way of life. 

In the past the essential activity for the rural areas of several 
countries was agriculture, therefore it is a central axis to give 
way to the creation of a traditional village, with very particular 
characteristics, such as the maldistribution of the spaces within 
a home, were dominated by the installation of pens or farms 
outside the houses, looking for the way is that their livestock or 
crops would give better results, so that the members of the 
families could satisfy several of their basic needs (1). 

On the other hand, over the years, the economic 
development progress and some rural areas were within a range 
of better quality of life, installed technical and at the same time 
social infrastructure, the way in which the community works 
was no longer so similar to the one of years ago, more economic 
activities were developed, they appropriated some trades, 
different from agriculture, Due to the constant migration of the 
countryside to the cities, the number of inhabitants of the urban 
localities has been increasing; in contrast, that of rural women 
has declined. 

In the mountainous countries, the base for the distribution of 
the population and the settlements are the valleys and the 
watersheds, surrounded by dividing ranges. It is an area where 
the physical-geographical processes interact and interconnect, 
which differ from the processes in other neighboring physical-
geographic regions. 

In the upper parts of the river basins, the characteristics of 
the mountainous terrain (dividing ranges, mountain passages, 

mailto:lortega23@alumnos.uaq.mx


 

 

etc.) make up the lifestyle, the language, the dialect and other 
specific characteristics of particular ethnic groups. 

 

The mountain chains impede the processes of settlement 
distribution and the consolidation of the territory. For these 
areas, settlement distribution systems and types of watersheds 
are more typical, when in a particular basin a certain settlement 
entity is formed, characterized by a common service system, a 
transport and infrastructure network, socioeconomic relations 
between settlements (13). 

In 1950, it represented just over 57% of the total population of 
the country; in 1990 it was 29 percent and for 2010, this figure 
decreased to 22%. (INEGI, 2017) (Graph 1) 

 
 

 
 

Graph 1. Volume and growth Total population by 
size of locality for each state,(INEGI, 2010) 

 

Sustainability is a complex term to define enough or practical 
way to be operational and there is a wide range of ideas about 
sustainability and its practices (Marcelino-Sádaba et al., 2015). 
It is a holistic, ambiguous, progressive, global and normative 
concept. There have been attempts to achieve complex meshed 
tools for the evaluation of sustainability, by using the many 
constitutive characteristics of sustainability (Pope, 2006) (3). 

In this way it is considered that it gives way to the big cities, 
with an advance in their way of living, activities they carry out 
and the same infrastructure. However, not all populations are 
guided by this form of development, many of them live on the 
outskirts of cities, others more in mountainous areas. The 
mountainous zones are generalized by climates with low 
temperatures, many of them with high vegetation and irregular 
forms of the land (A.H.Potosyan, 2017). 

 

Generate a housing design from clay materials in most of its 
structure as well as other elements that allow improving the 
quality of life in rural populations. 

  

II. THEORETICAL FRAMEWORK 
 

The importance of a study of the homes, or the way in which 
they are constructed, is of great importance, however, the 
inhabited spaces in the dominant sectors or with moderately high 
classes, are the ones that receive the attention regarding these, 
leaving side to the other population sectors (2). In the same way, 
cities are those that have the construction studies, their way of 
life and characteristics of the population (3) This is how they 
leave aside the sector that lives in rural areas, to the sector with 
popular peasant housing styles. 

Rural housing was characterized by a remarkable use of local 
building materials, with almost exclusive management of 
existing elements in the immediate natural environment. The 
inhabitants of the agrarian communities maintained almost a 
greater understanding with their habitat, in such a way that the 
viviendist ecology developed there with more harmony between 
human beings and the environment, which acquired a weight 
that is above any cultural motivation. , and even, economic 
issues (3). 

One of the construction practices that facilitated the way 
homes are designed and built, is the prefabrication that is an old 
technique, which has different traditional technologies to carry 
out this practice. We can find various forms of prefabricated 
roofs from prefabricated mobile roofs in Ethiopia, Vietnam or 
Mexico or bamboo panels in Asian architecture, to name a few 
examples (6).  

 
In the last decades, the countries that are in development, have 
started the use of prefabricated industrial construction systems 
that mainly import or that they developed on their own 
(sometimes copied from existing similar techniques) (2). 
 
The techniques of the use of prefabricated were initially 
dedicated to people with low incomes in their homes, however, 
the objective was diverted and they have not addressed that 
population sector, since the prevaricated ones that are mainly 
generated are very heavy and of great importance. scale, this 
means that they only meet the needs of large cities where the 
results are excellent, in terms of construction time and econo 
(2). 
 
The highlights of its failure to population groups with limited 
resources are (M. Stallen, Y. Chabannes and F. Steinberg, 
1994): 
 



 

 

(a) high costs due to high fixed investments; high transport and 
assembly costs as the production of the factory is very 
centralized, heavy cranes are needed at the site; he 
use of advanced technology and imported inputs, especially 
expensive construction equipment and construction materials 
of high energy content such as cement and iron bars are 
responsible for the production of high-cost prefabricated 
housing far beyond the limits of affordability; 
 
(b) climatic inadequacy due to improper use of construction 
materials and due to improper construction; 
 
(c) assembly problems that result in serious inaccuracies and 
even leakage of assembled components; and finally, 
 
(d) cultural non-portability, since most of the construction 
systems are only oriented to produce some type of international 
building type, but never to refer to the local or indigenous 
construction culture. 
Nowadays, precast products are still being used, but mainly 
they are components or systems that have a large scale, since 
they are manufactured by specialized factories, factories that 
are equipped mainly with borders and that possess the 
necessary resources to develop said methodology (5). 
 
A study developed in Algeria characterized the mechanical 
behavior of an overconsolidated expansive clay, improved the 
mechanical properties of a clay treated with hydraulic binders. 
They establish the relationships between their compaction and 
their mechanical properties, confirming the improvement of the 
loading capacity of the clay with the best treatment obtained for 
a mixture of 4% lime and 8% cement (9). 
 
On the other hand, the countries that are still developing, the 
use of prefabricated buildings is not as acceptable, since old 
construction techniques are preserved, which do not allow the 
generation of this type of systems. 
 
In turn, the realization of prefabricated is going through a time 
of "stagnation" since it is not accepted and therefore there is a 
detachment for its acceptance, it would generate several 
changes in the design of homes, mainly in rural areas, change 
part of its traditions and other approaches, could be converted 
into a main activity for the generation of resources.  
 

III. METHODOLOGY 
 

According to the current situation that families live in rural 
areas, in terms of their home and the needs that needed to be 
addressed, the first step to start the project was to select the 
areas and population where it would be feasible to apply it, 
based on this it was decided to look for rural areas with raw 

materials that could be applied in the design and construction 
process of the homes, in particular the use of clays. 
 
Said zones were studied to know the main characteristics to be 
treated in the project, such as the type of soil, climatic 
conditions, vegetation, fauna. This is a very important part in 
the elaboration of the project, since we look for the areas that 
have soils with a large amount of clay material, indispensable 
in the process of construction of the house such as: adobe brick 
walls and floors of adobe poured that greatly reduce the total 
cost of the work. 
 
Visits were also made to rural communities to know the socio-
economic aspect of the population, this was of great importance 
for the study, as we were able to notice the shortcomings of the 
houses and with that information to start designing our house. 
 
The design of the house is based on a family of 5 people, since 
data offered is the average number of inhabitants per house in a 
rural area. (INEGI in 2107) 
 
 
On the other hand, the planning includes, if possible, the 
placement of a solar heater, take advantage of resources in a 
large percentage, such as water and natural light since skylights 
will be placed on the roof of the house as well as reuse the water 
with a system designed to take advantage of the largest amount 
of it, based on the basic tools (raw materials) found within the 
area. 
 
The findings of a study applied in China indicate the advantages 
of adapting a rural house through the use of passive methods: 
the annual energy saving for heating is approximately 60% and 
the interior temperature of the house can be improved compared 
to its original state. In addition, the environmental cause of the 
heating fuel source has been mitigated. The results showed the 
potential for adaptation of rural houses using passive energy-
saving methods in northern China (6) 
 
Strictly speaking, the use of clay soil is not unconventional. It 
only compares unconventionally or in competition with the use 
and application of more energy-intensive and less ecological 
materials, such as concrete and steel. The use of clay-based 
materials has a long and prehistoric background. Their 
association with mud huts is correct but not sufficient, and they 
have been seriously reconsidered and modernized, so that clay-
based materials can now produce an aesthetically pleasing 
construction. Good execution can be achieved for both 
individual and large-scale housing projects using uncooked 
clay materials, both in developed and developing countries. All 
these parties have a common interest in low-cost housing, 
caring for the environment and sustainable development of 



 

 

community infrastructure, as there is no parallel with the 
adoption of appropriate technology based on soil (12). 
 
With this design, enough spaces are met to cover the basic 
needs and thus improve the quality of life of families living in 
rural areas. 
 
There is pressure on manufacturers of construction materials, 
due to new government regulations and legislation that point to 
the use of energy and carbon dioxide emissions in new 
buildings. Uncooked clay bricks for environmental and 
sustainable use. They are based on lime or Portland cement as 
an activator of an industrial by-product (granulated earth slag) 
to stabilize the lower Oxford clay for the production of 
uncooked clay bricks. Portland cement was used in the 
formulation of uncooked clay brick test specimens 
predominantly as control (10).  
 
Based on the results of the environmental and sustainability 
analysis, the unburned clay material has demonstrated energy 
efficiency and suggests a formidable economic alternative to 
the cooking of clay building components. This study is one of 
the first attempts to compare the cooked and uncooked clay 
technologies, and also to combine the use of energy and the 
emission of CO2 for the evaluation of clay bricks without 
cooking in relation to the bricks used in the construction 
conventional (10). 
 
A coupling between mechanics and physical chemistry was 
undertaken to explain the mechanical behavior of clay materials 
treated with lime. The study was carried out in two different 
clays, a kaolin and a Ca2 + bentonite. The addition of lime leads 
to an increase in the mechanical properties of these clays. These 
improvements are faster with the Ca2 + bentonite, even if in the 
long term the performance achieved for the kaolinite is higher. 
The coupling between the macroscopic and physicochemical 
aspects shows that these improvements are related to the 
development of secondary compounds such as calcium silicate 
hydrates, hydrograne and calcium carboaluminate hydrate 
phases (11). 
 

IV. RESULTS 

Based on a field study, it was decided to carry out a simple 
design that met all the basic needs of a family, in addition to 
lowering the construction and maintenance costs of this. 
 
Our house has an area of 62.32 m2, with 6.08 m wide x 10.25 
m long, this design has 2 bedrooms, 1 bathroom, kitchen and an 
area for living room (Fig. 1, 2, 3). 

 
Fig 1. Front Façade 

 
 

 
Fig 2. Lateral Facade 

 
 
 

 
Fig 3. Architectural Plant  



 

 

 
The aesthetic aspect is not left aside as a facade was also 
designed with a simple style, but cheerful to look at, since we 
believe it is important that it be liked by the people who live 
there, it gives them a new perspective on his same house (Fig. 
4). 

 
Fig 4. Section A-A’ 

 
Likewise, it is necessary to consider placing solar heaters, 
depending on the area in which the instrument is to be placed, 
it must be oriented towards the south and for the central zone 
of Mexico with an angle of inclination of 35-40 degrees (Fig. 
5). 

 
Fig 5. Orientation and inclination of the panel 

 
The house includes a total of four doors, has five windows, one 
smaller in the bathroom which are located to make the most of 
natural light. 
Use clay blocks of dimensions 15x20x30 cm which allow to 
have a good temperature regulation thanks to the holes they 
carry in their body (Fig 6) 

 

 
Fig 6. Block of 15x20x30 with holes 

 

The house has a height of 2.80 m so that the ventilation and the 
thermal sensation do not change drastically, the windows are 
located at a height of 1.20 m. 
The large ones have dimensions 1.80x1.40 m as for the 
bathroom is 0.60x0.60 m 

 
Fig 7. Inside view of the house 

 

V.  CONCLUSIONS 

Based on our results, we conclude that the design is feasible for 
a family with average monthly income, so the approach we 
gave was to guide this sector of the population in the 
construction of their home, in addition to giving them a space 
where they feel comfortable and their basic needs are met. 
We also conclude that the design as well as the plans are easy 
to understand for anyone who wants to do it or someone 
interested in the subject. 
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This work shows the development of the prototype of a train system 
for rainwater reuse. This complex system consists in two phases: first, 
a photocatalytic reactor that reduce the organic compounds presents 
in the water stabilizing the biochemical oxygen demand; the second 
phase is a filtration system that uses the chelating and bacteriostatic 
activity of chitosan to trap the remaining fats as well as metal ions. A 
secondary aim of this work is reduced cost, time and energy; the 
system for rainwater reuse also could be used in wastewater treatment 
and transferred to domestic level. 

Keywords—rainwater; train of treatment; chitosan; titanium 
dioxide 

I. INTRODUCTION (HEADING 1) 
One of the most important problems in the world is the 

shortage of water, climate changes, soil erosion and the growing 
population have made the expenditure of the vital liquid is 
greater in urban areas than in rural areas, which is why it is 
evident that we must take preventive actions and that they 
provide a solution to this problem and they must be carried out 
at home or in our workplace.  

The pluvial water can be a source of water to solve the 
deficiency that takes place due to the population growth, action 
that up to now does not apply very frequently in our 
environment. Therefore, it is intended to develop and implement 
a rainwater collection and reuse system in the Amealco campus 
so that it is self-sustaining and does not require the use of water 
from the municipal network. Said effluent will be processed by 
an array of filters and reactors, which will eliminate sediments, 
bacteria that may be present and heavy metals, thus leaving a 
water with quality under Official Mexican Standard 003, which 
establishes the maximum permissible limits of contaminants for 
waters treated residuals that are reused in public services. 

The shortage of water in the homes of our country is 
increasing, about 20% of households do not have accees to 
wather [1], 1,941 wastewater treatment plants can not solve the 
3,380,326 miles of cubic meters of wastewater discharged in 
Mexico [2]. Currently, water reuse is an alternative to the 
problem of shortage drinking water. Agriculture is the activity 
that uses the greatest volume of water, that is why using treated 
water presents a feasible option to improve the global panorama 
of its use; The inconvenience of clean water is the waste 
generated during the process, that is the reason of this project is 

looking for decrease the production of recalcitrant waste and the 
production of water with sufficient quality to be reuse. 

An alternative that is not new, but to which efforts are being 
redirected, is the collection of rainwater; This action does not 
imply the use of advanced technology and can be applied at any 
level.  

Currently both systems, capture rainwater and gray water 
treatment, represent an efficient alternative to solve the problem 
of access to water that some communities suffer, and thereby 
partially over-exploit the water table, especially in the rainy 
season. , storing rainwater for the dry season [2,3,4]. 

 The advanced oxidation processes consist of the formation 
of highly oxidizing hydroxyl radicals, which contribute to the 
total mineralization of the polluting compounds present in 
industrial effluents. Among the most used processes is 
photocatalysis, which consists in the acceleration of a photo-
reaction using a catalyst: in this case, this research used titanium 
dioxide as photocatalyst [5]. The mineralization of organic 
compounds, in addition to contributing to the elimination of 
waste, contributes to the stabilization of the biochemical oxygen 
demand which is a laboratory analysis that allows to determine 
chemically the quantity of oxygen that is required to oxidize the 
organic matter present in a sample of residual water [4] and that 
if not controlled can seriously alter aquatic life. 

There is titanium dioxide´s three types of structures: rutile, 
anatasa and broquita. The size depends on the stability of the 

 
Fig. 1. Side view of prototype of rainwater treatment system. 



 
 
 

 

titanium dioxide phases; the anatase phase is the most stable for 
nanoparticles with a size around 11-35 nm [6]. 

On the other hand, there are currently several systems that 
seek to remove waste from water, in this project the properties 
of activated carbon were used together with the properties of 
magnetic particles with the ability to function at a cellular and 
molecular level in biological interactions [7] as is magnetite, 
Fe3O4. At the nanometric scale magnetite is paramagnetic, 
which means that it is magnetic only in the presence of a 
magnetic field [8], this leads to the fact that various 
nanostructured oxides based on magnetite have turned out to be 
good devices for the manufacture of magnetic materials, 
sensitive protection films, catalysts, pigments. 

To facilitate the manipulation of the magnetite, it was 
created a nanostructured composite with chitosan as a matrix 
and magnetite nanoparticles dispersed within it. Chitosan is a 
linear polysaccharide composed of randomly distributed chains 
of β- (1-4) D-glucosamine and N-acetyl-D-glucosamine 
Valderrama, 2000). 

Previous studies indicate that chitosan, in the form of gel 
beads, of 2.5mm diameter have a BET area of 250-800 m2 
compared to 1-2 m2 that has chitosan in the form of flakes [9]. 
With a larger surface area, the availability of more active sites 
for the adsorption of metal ions and organic compounds 
remaining from the photo reactor is ensured. 

Through activated carbon filters, together with a 
composition of chitosan with magnetite, and the advanced 
oxidation processes, it is possible to generate water with enough 
characteristics for domestic reuse that follow the official 
Mexican standard NOM-003- ECOL-1997. 

Therefore, this project seeks build the prototype of a 
rainwater treatment system that uses nanostructured materials to 
clean greywater so that it can be reused in the same home that 
generates it. 

II. METHODS  

A. Preparaction of the photo-reactor 
The PET plates were coated with titanium dioxide as filler in 

the system to have the active photocatalyst. The TiO2 was 
dissolved in ethanol, then the mixture was applied on PET 
plates, both rough (sanded) and smooth to obtain the active 
surface. 

The reflux system consists of a transparent glass box with a 
capacity of 80 liters divided into three sections, the first 
consisting of small and rough PET plates; the second contains 
soft PET. Finally, an outlet section, as well as reflux, which is 
achieved by a water pump. 

B. Synthesis of GMA chitosan spheres and magnetite 
nanoparticles 
GMA was dissolved in 0.4 M acetic acid with the aid of 

magnetic stirring at a temperature of 50 ° C, on the other hand 
chitosan was dissolved in 0.4 M acetic acid for 50 minutes, also 
a KOH solution was made. To obtain a 1% chitosan-GMA 
solution, the chitosan solution was mixed together with the KOH 
solution and 3 washes of 3 ml of 0.4 M acetic acid were made; 
subsequently, the GMA solution followed by washing was 
added. This solution was left in magnetic stirring for 1 h. In a 
beaker with acetonitrile the previous solution was added 
dropwise maintaining a temperature of 40±1 ° C and a slight 
magnetic stirring 

To the 1% GMA chitosan solution described above, 0.1 g of 
magnetic was added and taken to an ultrasonic bath for 5 
minutes. Previously a pure chitosan solution was made, with a 
2: 1 ratio with the chitosan-GMA; to which the previous solution 
was subsequently incorporated and placed in an ultrasonic bath 
for 35 minutes. Drop by drop the solution of magnetic chitosan-
GMA was added to a 0.5 M NaOH solution. 

The Q-QGMA-Magnetite spheres were packaged in PVC 
tubes with activated carbon to optimize the removal of 
contaminants. The filters consist of two sections of activated 
carbon at the ends and a section of magnetic spheres (about 50 

 
Fig. 2. Spheres of Chitosan-QGMA with magnetite nanoparticles. 

 
Fig. 3. Filter with pheres of Chitosan-QGMA with magnetite 

nanoparticles and activated carbon. 

 



 

 

ml in volume of spheres) in the center, first packed in filter paper 
and then incorporated in the PVC tube.  

C. Bacteriological tests of the treatment system (filters) 
Bacteriological tests were carried out with two different 

culture broths, lactose broth and lauryl sulfate broth. Three 
solutions of each sample were made, with the notations of -1, -
2, -3. For each sample, bacteriological analysis was performed 
in triplicate for each sample. The incubation of all tubes 
(samples) was carried out for 2 days.  

III. RESULTS 
The prototype can be seen in Fig. 1, where you three sections 

can be distinguish in the system, the first section on the left 
contains rough PET coated titanium dioxide, the water is 
introduced into the system in this area, in which comes the 
contact with the plates that are responsible for carrying out the 
catalytic photo activity. When the first section is filled, the water 
begins to fall in the second stage which contains smooth PET 
coated with TiO2, where the same catalytic photo mechanism 
occurs. Finally, the third section collects the water that falls from 
the second stage and contains a pump that recirculates the water 
to the first stage. 

The total time in which the system was tested was 3 hours, 
showing a constant circulation. The tests were conducted with 
40 liters of water, however, the system can get to work without 
difficulties up to 60 liters. 

On the other hand, about 400 ml in volume of spheres of  
chitosan-QGMA with magnetite nanoparticles was carried out. 
The characterization of the nanocomposite could only be 
performed empirically by means of the coloration, consistency, 
shape and size of the spheres as shown in Fig. 2, this due to the 
replicability of the synthesis. 

Subsequently, before the spheres being incorporated into the 
filter (Fig. 3), they were washed with distilled water to remove 
the NaOH solution. The filter paper is divided into three sections 
of activated carbon and one in the center of spheres. In addition, 
the durability of the spheres was proved, and it was obtained that 
they can resist without disintegrating up to 10 months as long as 

they are in a liquid medium, either the NaOH solution or in 
water. 

Finally, the bacteriological tests that were carried out was 
with the water treated by activated carbon filters, to test its 
effectiveness.  

In tubes with lactosed broth, the three test tubes of the cistern 
with solution -1 showed turbidity, likewise two of the samples 
with solution -2 (Fig. 4) showed turbidity. Despite this, no 
bubbles of gas generated by the bacteria are observed in the 
Durham hood 

On the other hand, in the lauryl sulfate broth samples of the 
cistern with solution -1 showed turbidity (2 of the 3 tubes), while 
in solution -2 one of the three tubes presented disturbance. 

Because no gas was observed in any of the samples this tubes 
are not considered like positive. However, because only 
turbidity appears in the solutions with higher concentration and 
as the concentration decreases the turbidity disappears (in the 
samples of the cistern with solution -3 there are no disturbance), 
we consider that there could be a very small amount from E. 
faecalis ATCC 29212, P. aeruginosa ATCC 27853 and 
salmonella typhimurium ATCC 14028, due to these bacterias 
may or may not produce gas. 

IV. CONCLUTION 
The materials were synthesized efficiently, in order to 

make the reactors and filtration systems for the treatment train, 
the application of the complete system to the Amealco campus 
was not determined viable because there are no elements that 
indicate that the water in the containers have a poor quality, so 
it was determined that only the filter system was sufficient to 
leave the water with sufficient quality for reuse under NOM-
003-ECOL-1997.  

The only sample that showed the presence of 
microorganisms was taken from the building with the highest 
student density, and possibly the area could have been 
contaminated and hence have this non-positive result, but it is 
necessary to emphasize that the present quantity of 
microorganisms is very low. 
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Abstract— In Mexico, injuries caused by traffic are among the 
ten leading causes of death, where the most affected in these 
situations are the most vulnerable users. This article presents the 
two solution proposals most studied for this problem, the 
geometric design and road education, with the aim of studying and 
comparing them to know the most convenient solution for Mexico. 
From the above it was obtained as a result that the geometric 
design alone is not the solution, since the lack of road education 
means that users, once accustomed to the changes made in the 
road, return to their previous practices putting themselves in 
danger, again, to themselves and to others. 

Keywords— road accidents, road education, geometric design, 
road safety, mobility. 

I. INTRODUCTION 
Mobility is understood as a basic need of the human being, 

which must be respected and satisfied so that this does not affect 
the quality of life or the possibilities of their development. Based 
on the Intercensal Survey 2015 conducted by INEGI, it was 
estimated that in Mexico we were 119,938,473 people for that 
year [1] and according to data from CONAPO, by the year 2030 
we will be 137,481,336 [2]. Regarding motor vehicles, for the 
year 2016 there were 42,932,567 vehicles in circulation with 
projections of an increase of 60% by 2030 [3]. 

In 2015, the UN in Mexico established a new sustainable 
development agenda for the next 15 years, where the reduction 
of injuries and deaths due to traffic accidents was determined as 
a goal [4]. The STCONAPRA reports that, in Mexico, injuries 
caused by traffic are among the ten leading causes of death and 
in 2014 there were 15,886 deaths due to traffic accidents in the 
country; of which 68.3% of those affected in these situations are 
the most vulnerable users (pedestrians, cyclists and 
motorcyclists), pedestrians being the ones that concentrate the 
highest percentage of deaths among them [5]. 

II. BACKGROUND 
According to the INEGI, in urban areas of Mexico, 360,051 

traffic accidents were recorded, of which 4,559 were fatal and 
97,614 injured; of these accidents in which fatalities were 
recorded, 52.3% were at intersections [6]. Table 1 shows the 
number of deaths in road traffic accidents by type of accident in 
urban and suburban areas in 2016; it is important to mention that 
this registry does not take into account the people who were 
injured in the event and subsequently died.  

TABLE I.  ROAD TRAFFIC ACCIDENTS IN URBAN AND SUBURBAN AREAS 
INEGI 2016 

Type of Accident Deaths Injured 
TOTAL 4,559 97,614 

Collision with a motor 
vehicle 940 39,372 

Collision with pedestrian 1,033 13,884 
Collision with animals 38 275 

Collision with fixed object 559 7,978 

Rollover 709 5,672 
Passenger drop 57 2,316 

Exit of road 366 2,854 
Collision with motorcycle 539 19,547 

Collision with cyclist 197 3,770 
Other 121 1,712 

 

It is necessary to observe that in second place of deaths by 
road accidents are pedestrians, and in third place of injured 
cyclists; which are considered the most vulnerable users of the 
road. Therefore, road safety studies are necessary to provide safe 
mobility for all types of users, especially for the most vulnerable 
and currently do not have the necessary infrastructure for their 
safety and, in addition, the level of road safety education in 
Mexico is very low. 

III. GEOMETRIC DESIGN AS A SOLUTION 
Several authors such as NACTO [7], World Resources 

Institute [8], New York City DOT [9], among others, affirm that 
most cities could become safer and healthier cities only by 
changing the design of their roads. Arguing that the private car 
has been given priority at the moment, designing principally or 
totally for its comfort; if the roads were designed to effectively 
serve all users of the road, they would be much safer. 

According to these authors, road accidents would be reduced 
by following the following action steps: urban design that 
reduces the need for vehicle travel and fosters safer vehicle 
speeds, traffic calming measures that reduce vehicle speeds or 
allow safer crossings, arterial corridors that ensure safer 
conditions for all road users, a network of connected and 
specially designed bicycling infrastructure, safe pedestrian 
facilities and access to public spaces, and safe access to mass 
transport corridors, stations, and stops.  

In Mexico, at the end of 2017, SEDATU presented the Street 
Manual: vile design for Mexican cities; The manual aims to 



 
 
 

 

establish technical guidelines and urban design parameters that 
facilitate the development of safe, inclusive and sustainable road 
projects [10]. But as it still does not come into force, the Manual 
of the Highway Geometric Project of the SCT continues to be 
used despite the fact that it is focused on highways, leaving 
pedestrians and cyclists in the background. 

Tactical Urbanism 
As Javier Vergara expresses it, in the book Tactical 

Urbanism: Latin American Cases, this can be understood as a 
short-term prototype that can provide information to long-term 
planning and is built from groups of empowered people, which 
it does citizen urbanism. Tactical urbanism consists of small 
actions that can have a long-term impact on cities; these actions 
are initially temporary and it is expected that, when showing 
their impact, the authorities will decide to convert them into 
projects that will be implemented permanently [11]. It is 
necessary to bear in mind that, tactical urbanism would not be 
necessary if every city had an auditable geometric design. 

In Mexico, some citizen groups have made use of tactical 
urbanism to improve the situation of some roads and 
intersections throughout the Mexican Republic and in this way 
make a call to the government. Among them ITDP Mexico and 
the Liga Peatonal are distinguished with their job of 
disseminating information on road safety issues and making 
design improvements in the public space; other groups or 
collectives such as Zoon Peatón, A Pata, derivé LAB, La 
Banqueta se Respeta, among others, are engaged in work of 
citizen empowerment with walks and tactical urbanism work for 
their cities to inform users of the path of problems that are 
present. 

IV. ROAD SAFETY EDUCATION IN MEXICO 
Just as there are authors who consider that the modifications 

to the geometric design of roads are the solution to end road 
accidents in Mexico, there are those who believe that this can be 
solved with an improvement in road safety education. 

A study conducted in Florida [12] showed that the majority 
of road users exhibit unsafe behavior, and a research conducted 
in Botswana [13] found that 90% of drivers do not yield to 
pedestrians at not sing intersections and that additionally 
pedestrians do not feel that the fact that the zebra crossing is 
marked, gives them greater security. 

One of the biggest problems that we face in Mexico, is to 
believe that road education only concerns users of motorized 
transport and as a result of this there are documents such as the 
User Guide of the Streets of Mexico City [14], the National 
Road Safety Training Program [15], and Technical Publication 
No. 449 regarding Road Safety Campaigns for the Improvement 
of Human Factor Behavior [16], where only recommendations 
are made to drivers, completely forgetting others road users. 

Currently in Mexico only road education is provided to those 
people who are going to apply for their driver's license while the 
rest of the users of the road pass through it without knowing their 
rights and obligations. 

V. DISCUSSION AND CONCLUSIONS 
Mainly, we look for a single action that can solve a problem, 

in this case we talk about the number of deaths due to road 
accidents as a problem and two proposed solutions: geometric 
design and road safety education. As mentioned in the previous 
sections, it has been proven that the redesign of intersections has 
caused this problem to decrease, since users perceive a change 
in the route, respond with a more thorough mobility. Also, there 
are studies that prove the efficiency obtained by educating 
citizens so that they know their rights and obligations in the 
public road depending on their mode of transport. 

In Mexico, derived from the problems raised in the previous 
paragraph, they have taken action on the matter and have begun 
to make changes in their roads, completely forgetting the issue 
of education and road safety; resulting in that, once the user is 
accustomed to this new design, he returns to his previous 
incorrect practices. Due to the above, the geometric redesign 
alone does not represent a solution to this problem [17]. In the 
case of road safety education, courses or compulsory campaigns 
are lacking in this subject, so under these conditions there is no 
record that helps us compare a before and after the circumstance 
in which users received and assimilated this information. 

From the above, it generates the need to know the level of 
road user education of road users and their behavior, this without 
neglecting the conditions in which are the roads through which 
they transit. Thus, with these data, we can know what are the 
parameters that condition the behavior of the users of the road 
and with this find the most convenient solution to reduce the 
deaths caused by road accidents in Mexico. 
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Abstract— Describes the develop of the linear dynamic model, 
for the behavior of cables of a cable-stayed bridge through of the 
ANSYS 18.1 software , for develop an active system (intelligent) of 
deadening for reduce vibrations of the cables of Baluarte 
bridge´s;limited only to cables that are in the position more 
critical, highlighting the use of mathematical models that 
significantly reduces costos. 
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Introduction  

The knowledge and the control of natural frequencies of a 
system help to reduce but don’t to remove the forces of dynamic 
character that give place to occurrence of problems due to 
vibrations , therefore the introduction of an energy dissipater is 
intended , that in this case, will be a dynamic shock absorber , 
face to prevent an excessive system response (large amplitude 
vibrations), even in the event of a resonance. 

The environmental phenomena and the fatigue loads , 
mainly , they produce great resonances in cable-stayed bridges , 
therefore , the use of the finite element method is used in the 
ANSYS 2018 software , since it helps to reduce costs of 
meaningful manner in the planning of a project . 

Mathematical modeling  

The modal frequencies , considering the tension , that can be 
obtained form the equation(1.1), to observe how a structure 
behaves before dynamic loads. 

𝑓 =
𝑛
2𝐿

√𝑇
𝑚

                                             (1.1) 

And this to give in tension terms we obtains, the 
equation(1.2) 

 

𝑇 = 4𝐿2𝑓2 𝑤
𝑔

                                          (1.2) 

The deformations are considered when we modeling the 
cable, that this type of structural elemnts could suffer, for this 
reason we use , the elastic stiffness matrix and the mass matrix , 
which are related in the equation(1.3). 

det[[𝑘] − 𝑤𝑖
2[𝑀]]{∅} = {0}                                           (1.3) 

 

For this method , a force is applied at the center of mass, for 
obtain a unit displacement. 

If, we considering the specifications of the cable #9 (of the 
cable-stayed brifge Baluarte): 

• E(elasticity module)=200 GPa 

• Total and effective area=2620.47 mm2 

• Number of “torones” of steel=27 

• Exterior diameter=0.3293 m 

• Total mass=2502.03 kg 

• Inclination of the cable #9=45.35° 

• Length=53.639 m 

 

 

 

 

 

 

Figure 1. Position of the cables bridge´s 
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We determinate the mass matrix ([M]); 

𝑀𝑥𝑦

=
𝜌𝐴ℎ𝑒

6
[

2𝑐𝑜𝑠2𝜃 2𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜃 𝑐𝑜𝑠2𝜃 𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜃
2𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜃 2𝑠𝑖𝑛2𝜃 𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜃 2𝑠𝑖𝑛2𝜃

𝑐𝑜𝑠2𝜃
𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜃

𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜃
𝑠𝑖𝑛2𝜃

2𝑐𝑜𝑠2𝜃
2𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜃

2𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜃
2𝑠𝑖𝑛2𝜃

]  (1.3) 

 

 

 

 

 

 

The inertial moment , for a circular section, is: 

𝐼 = 𝐼𝑥 = 𝐼𝑦 =
1
4

𝜋𝑟4 = 0.000008378 𝑚4              (1.4) 

  

The stiffness matrix, Will have 4 liberty grades due to that 
its will be studied as a beam: 

• Displacement unit in a grade of liberty 

• Turn unit in grade of liberty 2 

• Displacement unit in grade of liberty 3 

• Turn unit in grade of liberty 4 

And it´s determinate of the following way: 

  

𝐾 =

[
 
 
 
 
 
 
 
 

12𝐸𝐼
𝐿3

6𝐸𝐼
𝐿2 −

12𝐸𝐼
𝐿3

6𝐸𝐼
𝐿2

6𝐸𝐼
𝐿2

4𝐸𝐼
𝐿

−
6𝐸𝐼
𝐿2

2𝐸𝐼
𝐿

−
12𝐸𝐼
𝐿3

6𝐸𝐼
𝐿2

−
6𝐸𝐼
𝐿2

2𝐸𝐼
𝐿

12𝐸𝐼
𝐿3

−
6𝐸𝐼
𝐿2

−
6𝐸𝐼
𝐿2

4𝐸𝐼
𝐿2 ]

 
 
 
 
 
 
 
 

           (1.5) 

 

 

 

 

 

 

 

 

When we applicated the equation (1.3) , we obtain the 
natural frequency  of the system to solve the resulting equation 
of the determining: 

(1.6) 𝑑𝑒𝑡𝐻 =  −9527.3𝑤8 + (1.4362𝑥108)𝑤6 −
(6.8124𝑥107)𝑤4 + (2.7191𝑥105)𝑤2 = 0  

So, the solutions was: 

 

Wn=-122.777 

Wn=-0.685802 

Wn=-0.0634473 

Wn=0 

Wn=0.0634473 

Now , we aplícate the equation (1.7), for obtain the period: 

𝑓 =
1
𝑇

                                (1.7) 

 

And we obtained the period for the cable number 9: 

T=148146 s 

With the equation (1.2), we obtain the tension that we will 
be applied to the cable : 

1380.518836 KN 

After , you have calculated the frequency due to 2 vibration 
modes, the proportion of shock absorber was of 0.078 , that 
equal to a coefficient of 7.8 kg/s by node. 

Now, we will go to calibrate the model , introducing the 
dynamics loads , due to action of the wind and the rain. 

The rain , is represented by the speed design: 

• Middle wind :130 km/h (National meteorological 
system) 

• Bursts exceeding to 200 km/h (National 
meteorological system) 

For determinate the force of drag of the wind middle , we use 
the equation (1.8) 

 

𝐹(𝑦) =
1
2

𝜌𝐶𝐷𝐴𝑒𝑣2(𝑦)                                (1.8) 

 

 

F(y)=.5*(1.225 kg/m3)*1.12*(36.1111m/s)ˆ2=894.5519 N 

 

 

 

Figure 2. Mass matrix 

Figure 3. Rigid matrix 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

In a lot studies we find that the maximal response occurs 
when the frequency of detachment of the vortices match with the 
firsts modes of vibration of the structure ; so in this bridge , the 
cables caused biggest displacement ; it’s see in the spectrum of 
Vickery and Clark. 

 

 

 

 

 

 

 

 

 

 

In this types of bridges, largest , is very probable that its 
mechanism of excitation parameters , is here , due to that the 
cables and the board have a lot small frequencies. 

This can induce biggest oscillations to tension and dynamics 
tensions. 

  

 

 

 

 

 

 

 

This types of systems should consider various aspects as are 
the cable and the sink energy (Alvarado 2007), the location and 
the dynamics characteristics(Alvarado 2008), the types and 
amount of sensors , also a control strategy (Der Hagopian 
,2010),(De Brunner ,2003), Chen(2000), and to finished the 
dynamic behavior of the cable(Carrion ,2008). 

Position of the reducer energy  

For the position of the reducer of energy , we make a lot simulations 
in ANSYS ,as tha that is presented below; we take a element type 
BEAM-4 , and to submint to loads , this have a behavior very similar 
to a cable. 

We considered the free vibration and its three principals modes of 
vibration, and we concluded that more critical of the cables could be 
far of the nodes of the modes of vibration and near of the point of 
mayor amplitude of the same modes. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this moment , we make the meshing  

 

 

 

Figure 4. Force of the wind on the beam  

Figure 5. Detachment vortex in a cable   

Graphic 1. Frequency of oscillation of cables over time 
(ANSYS) 

Figure 6. Election of library due to the parameters of study 

Figure 7. Shape initial of the structural cable  



 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS AND CONCLUSIONS  

When the cable is exposed to loads, we obtained the principal 
stress 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Of the after simulations, we observed that the best position 
for the reducing of energy, its present 5 meters on the direction 
of the cable. 

Due to the frequency of excitation, now are known, its 
possible prevent the resonances changes the natural frequency 
of the system and remove it. 

For this type of vibration, and due to the structure, its could 
use viscoelastic materials, due to this provided values tallest of 
loss energy.   

 

 

 

 

Figure 8. Meshing of the cable by discretization more specific 
in critical points   

Figure 9. Deformation of the cable (simulation)  

Figure 10. Representation of the first stress  

Figure 11. Representation of the second stress principal   

Figure 12. Representation of the third stress principal   
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Abstract—Academic performance is a multifactorial 
phenomenon, that is difficult to model due to the large number of 
variables involved in the process. The present research is based on 
the review of eighty national and international scientific papers, 
including, articles and theses. The main objective was to obtain a 
group of representative and significant variables of the state of the 
art through the use of statistical tools. Following the proposed 
methodology, it was found that the most used dimensions to 
characterize the academic performance were the personal and 
academic profiles. Twenty-seven variables were identified, 
matching the characteristics established in the objective. Finally, 
an analysis of variance (ANOVA) was conducted in which it was 
determined that the number of variables that are included in an 
article depends significantly on the country in which it is carried 
out. United States and Mexico are the countries with the highest 
frequency of research about academic performance in our sample 
of scientific works. 

Keywords—academic performance; systematic review; Pareto 
chart; analysis of variance; students 

I. INTRODUCTION 
Academic performance is a multifactorial phenomenon, 

several authors have studied it and they have highlighted the 
importance of socioeconomic variables, the breadth of the 
school program, teaching methodologies, personal 
characteristics, the student's family environment, financial 
support, the semester or grade, the health level or the fact of 
presenting a disease or disability [1]–[4]. Their main findings 
showed that marital status, gender, age, educational level of 
parents, work and socioeconomic statuses, as well as the health 
level were the most significant factors.  

A. State of the art 
In this systemic review, the state of the art was classified in 

five main research groups: Psychosocial factors, academic 
variables, factors associated with health, personal background, 
professional and family factors, socioeconomic and 
sociodemographic factors. Some studies included variables of 
multiple groups; however, they were classified in the groups of 
the study. 

1) Psychosocial factors 
A large number of studies have concluded that psychosocial 

factors play a very important and significant role for the 
academic success of university students. Krumrei, Newton, Kim 
& Wilcox in 2013 [5], used a sample of 579 students where the 
variables were: Self-perceived academic efficiency, 
organization and attention to study, stress and time management, 
involvement in school activities, emotional satisfaction with 
academics and communication with the class; while the 
response variable was the average grade based on the GPA 
(Grade Point Average). The authors performed a hierarchical 
linear regression in order to examine the effects of the variables 
on the prediction of GPA; finding that the self-perceived 
academic efficiency is the largest predictor with β = 0.300, 
followed by the organization and attention to study (β = 0.220).  

Authors have also chosen to include in their research, 
variables associated with another descriptive dimension of the 
student. Such is the case of the work carried out by Reid in 2013 
[6] in which the main goals of the study were racial identity, self-
efficacy, institutional integration and academic achievement, 
but the authors decided to involve variables such as the 
maximum years of schooling of the parents, family income, 
grade or semester taken at the time of the survey. The analysis 
showed a weak, but positive and significant correlation between 
self-efficacy and academic integration (r = 0.180, p = 0.010).  

Other types of studies have been conducted in the clinical 
areas, finding through correlational design and previously 
validated psychological tests, that emotional intelligence, 
psychological empowerment, recovery and spiritual well-being 
had a significant correlation with the students' academic success 
[7]. The correlations were significant at 0.050 and 0.010. 

2) Academic factors 
It has been said that the phenomenon of academic 

performance is multifactorial, but there is a group of variables 
that stands out among others and that is the learning styles; 
Maris, Noriega & Maris [8] studied this factor in 2013, they used 
a sample of 1501 students of the basic cycle of the School of 
Architecture, Design and Urbanism of the University of Buenos 
Aires. The authors conducted a spatial competence test and used 



 
 
 

 

the Motivated Strategies for Learning Questionnaire as 
evaluation methods. Once the samples were collected, an 
ANOVA was used to verify significant relationships between 
academic performance and learning style and levels of spatial 
competence. 

Cheewaprakobkit [9] is one of the recent authors who has 
combined engineering and computer science with the 
educational field in 2013. The author published a research using 
decision trees and data mining to determine the factors that bring 
variation to the teaching-learning process. The data was 
analyzed through neural networks and decision trees. Binary, 
nominal and numeric variables were studied that included 
attributes such as: Gender, marital status, age, continent, 
economic support, residence, occupation of parents and English 
proficiency. The factors that the author found to be significant 
in academic performance were: The number of hours worked 
per semester, additional English courses, number of credits 
taken during the semester and marital status of the student. 

Another work reported on the behavior of students having an 
Internet connection and a computer in the classroom during 
2014. The study consisted of 1129 Canadian students and it was 
found that students' behavior on their computer can be divided 
into two groups: School-related activities and leisure or non-
related activities. Research shows that students with higher 
academic performance used laptops for academic activities 
within the classroom [10]. 

3) Factors associated with health 
Deliens, Clarys, De Bourdeaudhuij & Deforche [11] 

conducted a study in 2013 to examine the sociodemographic and 
health differences among first-year Belgian university students 
who attended all the final exams of the subjects and the students 
who did not. However, their research also identified the 
correlations between academic performance, weight and healthy 
habits of students. The measurement instruments were 
elaborated from original questions of existing questionnaires. 
The researchers used t-test and multiple linear regression to 
identify the correlations of academic performance. The results 
obtained by the researchers show that gender did have a 
significant impact on academic performance, showing that 
women would achieve better academic outcomes or 
performance. On the other hand, gaining weight during the study 
period showed a negative correlation. Similarly, sedentary 
habits, poor diet and alcohol consumption had a negative effect 
on the prediction of academic performance. 

In 2014, Daswani found that stress, health and school 
performance maintained a close relationship, concluding that 
both health and performance tended to be negatively affected 
when people were exposed to situations of prolonged stress [12]. 

4) Personal, professional and family factors 
There are articles that analyze variables corresponding to the 

professional dimension or work situation of a person and their 
impact on the student’s performance. An example of this is the 
research carried out by Carrillo y Ríos in 2013 [13]. They 
determined that two thirds of their sample made up of university 
students are negatively affected in their academic performance 

due to their occupation; the authors highlighted an interesting 
point of study, since the reasons why the student worked 
contributed a degree of variation to the student's grades and 
performance.  

Some authors focused on identifying the contribution of 
nationality and other factors to student performance in 2014, 
They found that 37% of the variation could be attributed to 
gender, age and nationality [14]. 

In 2014, Voyer and Voyer analyzed the impact of gender as 
a significant factor on the academic performance of the students, 
their study was remarkable, it consisted of a meta-analysis of the 
researches related to this factor [15]. The authors determined 
that there is a small but significant advantage of female students. 

Age is a factor related to academic performance that has 
been the subject of study for many researchers at national and 
international level. Navarro, García-Rubio & Olivares in 2015 
[16] found that age is significant for academic performance. The 
authors used an ANOVA to analyze the significance. 

5) Socioeconomic and sociodemographic factors 
A study that included 100 students, analyzed the socio-

economic status of the father, student's area of residence, 
accommodation trend and factors such as age, gender, school of 
study, daily study hours, etc. The results showed statistical 
significance due to the father's socioeconomic status, as well as 
the age and hours of study. It is important to emphasize that the 
model had an adjustment of r2= 0.312, which indicates that the 
model represents 31% of the total variation of the phenomenon, 
only [17]. 

A study was conducted at the Bahir Dar University in 
Ethiopia where 150 questionnaires were answered by the 
students (120 women and 30 men). The study was conducted by 
Gile & Atinaf  in 2014 [18], focusing mainly on the female 
population; the results showed that there were three categories 
of factors that affecting academic performance: Variables 
related to the university, and socioeconomic and sociocultural 
variables. The research of these authors showed that the 
presence of nightclubs, bars, self-service stores and tourist 
centers around the university affected the academic achievement 
of the students. The same effect had factors such as the 
socioeconomic status of the parents, the limited employment 
opportunities and living outside of the university campus.  

We also find articles that, although without a mathematical 
foundation, are rich in information. The importance of the 
relationship between socioeconomic status and student 
achievement has been stressed, saying that teachers should 
consider how to improve the academic performance of students 
who encounter difficulties in socio-economic areas [19]. 

B. Objective 
Obtain a group of variables that represent the state of the art, 

based on the factors that have been most studied and, on the 
other hand, variables that have also been significant at a 
frequency of 70% in the review of the national and international 
literature covering the interval of 2011 to 2018. 



 

 

C. Hypothesis 
x H1: Academic performance can be characterized more 

frequently by factors pertaining to personal dimensions 
and academic profiles, because these profiles are the 
most studied and significant in the systematic review of 
the literature. 

x H2: There is a significant difference in the number of 
variables that are used to describe the academic 
performance according to the year, method of analysis 
and/or region. 

II. MATERIALS AND METHODS 
In order to carry out the systematic review of the literature, 

it was necessary to have the following materials and services: 
Computer, internet service, access to academic search engines, 
Microsoft Office® package and RStudio software.  

In the first place, a mapping of relevance was carried out, 
this technique was based on the summary that is made during a 
review of a specific topic or in its defect in the steps that are 
followed for the elaboration of a meta-analysis. Initially we 
proceeded to the selection of academic articles, theses, journals, 
etc. that had a relevance in the hypothesis and objective of this 
investigation. The total number of articles consulted was 80, 
both in English and Spanish and from 2011 to the present. 

 From each of the articles, the title, its author/s, the year of 
publication, the method used in the research, the sample size and 
finally its dependent and independent variable were extracted, 
concentrating the information in a matrix (Fig. 1) in which the 
variables included in the studies and with a statistical 
significance were indicated with a number "1", with a "0" factors 
included in the works but that did not have a significance; and 
finally, the independent variables that were not included in the 
research works were represented with an "NI".  

 

 

 

 

 

 

 

 

 

Source: Prepared by authors. 

Fig. 1    Information matrix of the literature review. 

Table I shows the coding of the methods used by researchers 
to achieve their main objective and to test their hypotheses. As 
can be seen, there are several statistical methods used to test 
hypotheses regarding academic performance. In addition, a list 
of 88 variables covering personal, professional, school, family, 

sociodemographic, socioeconomic, cognitive and behavioral 
dimensions corresponding to the student was made from all 80 
articles. The codification of these factors is shown to facilitate 
their identification in the relevance mapping through the data 
matrix (Table II and III). 

TABLE I.  CODIFICATION OF THE METHODS USED IN THE REVIEW OF 
THE STATE OF THE ART 

Code Method 
1 χ2 test 
2 Correlations 
3 Multivariable analysis 
4 Hierarchical regression 
5 Multiple regression analysis 
6 Focus group 
7 Linear regression and ANOVA 
8 Correlations and ANOVA 
9 Linear regression 

10 Decision trees and neural networks 
11 Meta-analysis 
12 Conceptual analysis and/or surveys 
13 Adjusted probability ratios 
14 Student's t test 
15 Multivariate analysis of covariance (MANCOVA) 
16 Multivariate analysis of variance (MANOVA) 
17 Moderation and/or effects analysis 
18 Ordinary least squares (OLS) 
19 Descriptive statistical analysis 
20 ANOVA 
21 Analysis of covariance (ANCOVA) 
22 Unspecified method 

Source: Prepared by authors. 

TABLE II.  CODIFICATION OF THE FACTORS REPORTED IN THE 
LITERATURE 

Code Factor 
1 Self-academic efficiency 
2 Organization and attention to study 
3 Stress and time management 
4 Involvement in school activities 
5 Emotional satisfaction with academics 
6 Communication with the class 
7 Gender 
8 Ethnicity 
9 Grade or semester 

10 Previous average 
11 Family or personal income 
12 Higher academic degree of parents 
13 Having a specialization 
14 Racial identity 
15 Weight 
16 Computer activities on weekends 
17 Video games on weekends 
18 Diet 
19 Feeding habits 
20 Frequency of alcohol intake 
21 Average of previous academic level 
22 Integration in your social environment 
23 Academic environment 
24 Attendance at conferences and early review of topics 
25 Learning in small groups 
26 Mental maps 
27 Laboratory learning 

Source: Prepared by authors. 
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TABLE III.  CONTINUATION OF TABLE II – CODIFICATION OF THE 
FACTORS REPORTED IN THE LITERATURE 

Code Factor 
28 Learn from mistakes 
29 Time management 
30 Family support 
31 Internal motivation 
32 Language barriers 
33 Nostalgia and stress 
34 Family size 
35 Civil status 
36 Place where the student lives 
37 Family problems 
38 Sharing vehicle 
39 Responsibility for someone 
40 Type of transport 
41 Responsibility to transport someone else 
42 Spending time in household chores 
43 Hobbies 
44 Watching television and listening to music 
45 Time in social networks 
46 Time dedicated to extracurricular activities 
47 Smoking 
48 Hours of sleep 
49 Proficiency in the English language 
50 Study habits 
51 Time to study 
52 Social activities during exams 
53 Study material 
54 Emotional intelligence 
55 Empowerment 
56 Resilience and/or procrastination 
57 Spiritual balance 
58 Age 
59 Using of mobile devices in the classroom 
60 Type of school 
61 Support from friends 
62 Teacher support 
63 Admission Test 
64 Nationality 
65 Father's occupation 
66 Scholarships 
67 Working hours 
68 Curricular load 
69 Bachelor's degree 
70 Behavior and characteristics of teachers 
71 Learning styles 
72 Socioeconomic level 
73 Self esteem 
74 Interaction with the teacher 
75 Domain of content of the subject 
76 Internet habits 
77 Expectations 
78 Previous bachelor's degree or previous school 
79 Previous or current occupation 
80 Published articles 
81 State of mind 
82 Occupation of the mother 
83 Commitment 
84 Multiple intelligences 
85 Origin 
86 School schedule 
87 Teacher's experience 
88 Assistance 

Source: Prepared by authors. 
 

Once the data matrix was completed, we proceeded to obtain 
4 values for each of the variables: Number of articles where the 
variable was studied (Nst), number of articles where the variable 
was significant (Ns), percentage of study of the variable (Pst) 
(1), percentage of significance of the variable (Ps) (2). 

𝑃𝑠𝑡 = (𝑁𝑠𝑡)(100)
80

������������������������������������

𝑃𝑠 = (𝑁𝑠)(100)
𝑁𝑠𝑡

������������������������������������

Once the percentages were obtained, a table of accumulated 
frequencies was made with the purpose of constructing a Pareto 
diagram for the percentage of study of the variable and for the 
percentage of significance, in order to identify which factors 
were most frequent or also called vital factors [20].  

When the vital factors for both percentages were obtained, 
they were grouped and a Venn diagram was elaborated. For this, 
it was decided to homogenize the size of the groups.  

Finally, in order to be able to contrast the hypothesis number 
one, a table was created in which the groups of variables, the 
intercept of both groups, the name of the variable and the 
dimension to which the factor belonged were enlisted. 
Subsequently, a table of frequencies by dimensions was made to 
know which profiles were most studied. 

To contrast the hypothesis number two, it was decided to 
carry out a multifactorial anova of three factors: year, method of 
analysis used and country of the investigation. The levels of each 
variable are described below. 

x Year: 8 levels with the values 
2011,2012,2013,2014,2015,2016,2017,2018. 

x Method: 22 levels previously listed in Table I. 

x Countries: 27 levels. United States, Belgium, Egypt, 
Saudi Arabia, Pakistan, Spain, Ethiopia, Australia, 
Thailand, Iran, Germany, Portugal, Argentina, Nigeria, 
Norway, Canada, United Kingdom, Singapore, Italy, 
Taiwan, Sweden, Mexico, Guatemala, Chile, Colombia, 
Honduras, Peru. 

III. ANALYSIS AND RESULTS 
This systematic review was very diverse in results. In the 

first place, the tendency of the countries to study the 
phenomenon of academic performance could be analyzed. By 
making a bar graph it was possible to observe the frequency with 
which the countries analyze the phenomenon (Fig. 2).  

It is not strange that the United States is one of the countries 
that has spent time and money studying the phenomenon of 
academic performance. Continuing with the analysis of the bar 
chart, it is surprising that Mexico occupies the second place on 
the list, however, with the current educational reforms it was 
necessary to carry out research on education. In third place is 
Spain, being one of the most copied educational models by Latin 
American countries. However, we can relate your position in the 
graph to the current priorities of the government. Where one of 



 

 

the main concerns of the leaders is to rejuvenate the Spanish 
population.  

Latin American countries have invested in education to an 
unprecedented degree, barriers have been broken between 
nations and knowledge has crossed borders with the premise of 
an educational and technological revolution. Latin countries 
such as Argentina and Colombia have decided to study the 
phenomenon of academic performance continuously and at 
higher education levels. This fact is seen in the frequency of 
studies in the review of the literature that make these countries 
occupy the fourth and fifth position. 

 

 
Source: Prepared by authors. 

Fig. 2    Frequency of study of academic performance by country. 

As it is mentioned in the materials and methods, there are 
several statistical methods used to contrast hypotheses regarding 
academic performance, however, in the sample of 80 academic 
articles, there is a greater tendency to use correlations, ANOVA, 
multiple regression analysis and the χ2 test. While the least used 
methods were the focus groups, decision trees and neural 
networks, adjusted probability ratios, MANCOVA and 
ANCOVA (Fig. 3). 

One of the reasons why multivariable methods may not be 
so common is due to the complexity of the phenomenon and, of 
course, the cost in time and money of studying multiple 
variables.  

 
Source: Prepared by authors. 

Fig. 3    Frequency of statistical methods used in the state of the art. 

On the other hand, a Pareto diagram and its respective 
frequency table showed that the variables: 7, 58, 31, 67, 11, 1, 
12, 70, 71, 8, 9, 51, 79, 10, 35, 36, 66, 72, 30, 53, 59, 64, 78, 88, 
2, 5, 21, 23, 50, 54, 60, 69, 4, 19, 20, 34, 37, 39, 46 and 47 were 
the factors most frequently studied in the literature (Fig. 4), 
complying with the Pareto 80-20 rule [21]. Although the number 
of variables is large, a reduction of 54.54% of elements was 
achieved.  

 

 
Source: Prepared by authors. 

Fig. 4    Pareto diagram for the percentage of study of the variables in the state 
of the art. 

With another Pareto diagram (Fig. 5), which was elaborated 
for the significance of the variables, it can be affirmed that the 
variables: 1, 14, 18, 20, 21, 22, 24, 25, 26, 27, 28, 32, 33, 41, 49, 
53, 55, 57, 61, 62, 63, 68, 70, 73, 75, 76, 77, 80, 81, 83, 86, 88, 
31, 67, 71, 10, 30, 59, 64, 5, 23, 50, 69, 4, 37, 39, 46 and 47 were 
the factors with greater significance according to the number of 
times in which they were studied in the sample of 80 articles. 
These factors were selected with the use of the Pareto 80-20 rule.  

 

 
Source: Prepared by authors. 

Fig. 5    Pareto diagram for the percentage of significance of the variables in the 
state of the art. 



 
 
 

 

Once both groups of variables were identified, the 
interception could be observed through a Venn diagram (Fig. 6) 
with the following characteristics: 

x Group A: frequently studied variables (21 elements). 

x Group B: frequently significant variables (21 elements). 

x Interception: frequently studied and significant variables 
(27 elements). 

 

 
Source: Prepared by authors. 

Fig. 6    Venn diagram of the variables in the state of the art. 

Table IV shows the variables corresponding to the intercept 
and which were our main evidence to detect which has been the 
most studied and significant dimension in the literature. 

TABLE IV.  RESULTING VARIABLES OF THE STATE OF THE ART 

Group 
A 

Group 
B 

Group 
A 

Group 
B 

Interception Dimension 

7 1 69 88 31 Psychosocial 
58 14 4 31 67 Professional 
31 18 19 67 1 Psychosocial 
67 20 20 71 70 Academic 
11 21 34 10 71 Academic 
1 22 37 30 10 Academic 
12 24 39 59 30 Familiar 
70 25 46 64 53 Academic 
71 26 47 5 59 Academic 
8 27 48 23 64 Personal 
9 28 49 50 88 Academic 
51 32 62 69 5 Academic 
79 33 6 4 21 Academic 
10 41 13 37 23 Academic 
35 49 25 39 50 Academic 
36 53 26 46 69 Academic 
66 55 32 47 4 Academic 
72 57 23 80 20 Personal 
30 61 50 81 37 Familiar 
53 62 54 83 39 Familiar  
59 63 60 86 46 Personal 
64 68   47 Personal 
78 70   49 Academic 
88 73   62 Academic 
2 75   25 Academic 
5 76   26 Academic 
21 77   32 Academic 

Source: Prepared by authors. 

The results confirm the hypothesis number one, reaffirming 
that the dimensions that are frequently used to characterize the 
academic performance are: academic profiles and personal 
profiles (Fig. 7). 

 

 
Source: Prepared by authors. 

Fig. 7   Spider graph of the dimensions that are used to describe the phenomenon 
of academic performance. 

The effect of the year of the research (X1), the method used 
(X2) and the country (X3) on the number of variables included in 
the articles was modeled in Rstudio in order to contrast the 
hypothesis number two through the proposal of a linear model 
and its analysis. The first proposed model followed a structure 
where the three factors and their interactions were considered. 
However, it was not the best model, because most of its elements 
were not significant (3). 

𝑌 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + 𝛽4𝑋1𝑋2 + 𝛽5𝑋1𝑋3 +
        𝛽6𝑋2𝑋3 + 𝛽7𝑋1𝑋2𝑋3 + 𝜀�������������������������������������� 

The model was reduced to its best optimization (4) and it was 
found that the number of variables included in the studies varied 
significantly according to the country in which they were carried 
out. The results show that the country had a significance less or 
equal than 0.010 (Fig. 8), the R-squared was 0.532, the Adjusted 
R-squared was 0.303 and the p-value of the model was 0.005. 

𝑌 = 𝛽0 + 𝛽3𝑋3 + 𝜀���������������������������������������

�

 
Source: Prepared by authors, obtained from RStudio. 

Fig. 8 ANOVA of the adjusted model to its best optimization. 

Countries tend to differ in the number of variables that are 
included in the research conducted around the academic 
performance, however, there are regions of the world in which 
there are no significant differences, but there are also regions 
that have very marked differences (Fig. 9). 

 



 

 

 
Source: Prepared by authors. 

Fig. 9   Effects diagram of the number of variables that are included in the 
investigations according to the country. 

IV. DISCUSSION AND CONCLUSIONS 
The review of the state of the art is one of the main elements 

during an investigation. During this stage the researcher has to 
make an exhaustive review of the study phenomenon and 
usually find a large amount of information. In the educational 
phenomenon, academic performance is one of the most common 
variables and it is very easy for researchers to get lost in the 
literature and start wandering between each of the articles. 
Employing statistical methods during the systematic review let 
the researcher be able to delimit and specify the state of the art.  

In the educational phenomenon there are a lot of factors that 
have shown an effect on academic performance. However, these 
variables cannot be generalized, because educational models 
must be seen as a suit tailored to each educational institution. 
This review allowed us to observe a complete picture of the 
phenomenon as well as the methods used for the analysis. 

The use of statistics within the systematic review of the state 
of the art is a powerful tool that allowed us to reduce the number 
of variables that affect academic performance. Out of a total of 
88 variables, our field of study ended with 27 variables that, at a 
national and intentional level, showed significance and 
frequency of study.  

The ANOVA helped us to verify if there were significant 
differences in the number of variables studied according to three 
factors. This analysis also helped us to verify that a wide 
investigation of articles has been done, because the factor with 
the greatest significance was the country. This indicates that, 
indeed, the country affects the number of variables included in 
the studies but also tells us that we had a wide range of articles 
from different regions and not just a homogenization of a single 
region.  

It is very common in educational research to see that 
researchers only limit themselves to the search and synthesis of 
background information, but we invite them to perform 
statistical analysis during the review of the state of the art to 
enrich their work. The analysis that is proposed to the 
researchers should not replace the statistical analysis of the 

methodology, it should be understood only as a prior analysis of 
the context and historical information recorded in the literature. 
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Imagine one football stadium which capacity is nearly 51,000 
people. Well, if the time advance 6 hours, there will be enough 
births in the world to get another stadium from the same 
capacity full. Overpopulation it is not a big problem for now, 
because the world population is growing slowly, the real problem 
with it is overcompsumism. Nowadays, in the world there are 
many people that consumes a lot of natural resources, so, we are 
caring about one of the most important resources for life, the one 
that could finish its existence in the world, eventho we are 
surrounded by it, the water. It is incredible that we have drought 
problems and lack of water at the same time. The objective of 
this investigation is the design of a rainwater catchment system 
(SCALL) based on water catchment in roofs of residential houses 
for its use principally in bathrooms. This bears to an economic 
saving as well as option sustentable in the residential house. With 
a 570 mm / year precipitation, the system of reception of 
rainwater (SCALL) residential guy is designed for a house with 
an area of reception of 129. 22 m2 with a slope of 2 % as a rule 
and waterproofed, consists in one the 1100 L water tank was 
placed in the backyard of the home, it consists of two BAP 
(rainwater down), 100mm (4 "), with a strainer to stop large 
solids, the water will travel through a tube of 100mm (4 "), 
directly to a 4-stage filter with UV light, discharging into the 
collection tank, then it will come out by means of a 5hp pump, 
having two outputs with valves, one for garden irrigation / free 
outlet and another connection to sanitary furniture (wc). With 
the use of the rainwater catchment system (SCALL) it goes over 
to a saving of approximately 10 % of the entire consumption of 
the house, this means an economic saving and an option 
sustentable. 

 

 

Keywords—Water catchment, green engineering, Queretaro 
(key words) 

I. INTRODUCTION  
Imagine that you are in a football stadium, specifically 

BBVA stadium in Monterrey where the capacity of assistants 
ascend to 51 thousand people. The stadium is watching a 

match and it is at its full capacity. In 6 hours, the world 
population will grow the same number of assistants in BBVA 
stadium, and, past 6 hours more, we will have another BBVA 
stadium to fill.1   

Actually there is a stage in time in which overpopulation 
starts to be a problem because we are running out of natural 
resources. Developed countries have a tendency that consist 
on have 2 or 3 children on average. But, in the other hand, the 
life expectancy is growing because of medical advancements. 
These two situations maintain a balance in the population of 
this kind of countries and that is why world haven’t reached 
an even higher number of earth habitants.  

In another place in the world there are developing 
countries, in which the birth rate is bigger than in developed 
countries, but the death rate is big also, so in these countries 
we have another that help us to maintain a low growing rate of 
the population.  

But that doesn’t free the world about this problem, in 
2050, some investigators foresee that will be 9 billion people 
if this grow rate keep being the same or even worse, if this rate 
grows, we could be almost 11 billion people in the earth [1]. 

Is usually known that water is used in a lot of house chores 
as well as for health and hygiene. So, in this investigation the 
objective is to seek for solutions to save this valuable resource 
one of this solution for domestic environment are SCALL. 

The first sight of water catchment that scientifics have data, 
is from the fifth millennium when some sedentary villages 
started to appear, they diverted rivers to deal with drought and 
in that way, they could have its plantations in arid or semiarid 
regions. Later, in México, specifically Yucatán, Mayas and 
Toltecas took advantages of the cenotes to catch and storage 
water. Then Anaya in 1990 and Herrera in 2010 discovered 
underground storage called Chultunes used in a lot of 
prehispanic villages. [2] Nowadays in the world SCALL, as is 
used to name to pluvial watercatchment systems, took a very 
important force because some countries are are having 
problems with water suministration [2]. In Australia 13% of 
houses already use a SCALL to obtain water for cook or drink, 
in Tokio is a “plan B” if in the future there is a problem with 
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water, in Germany they build 50 thousand SCALL every year 
using buildings or pedestrian paths and in Mexico IMTA have 
developed SCALLs for the north region in Morelos [2].  

Nowadays there are a couple of options to save water in 
homes of the world. Another alternative that is already studied 
is the reuse of greywater. Grey water is the waste of washing 
machines, shower, bath and dishwasher. In other words, water 
that does not have faecal matter. Some studies revealed that if 
you reuse greywater, you will save 2400 L/month using 4 taps, 
a washing machine, a toilet and the shower. [3]  

In some countries, there are rainwater tank that are for 
entire towns and they impulse in a certain way the economy of 
the town because these tanks represent savings of water for the 
entire community.  There are tanks that are for one house too, 
for example, in Australia 26% of households save water using 
a rainwater tank and this SCALL have 100m2 [4] 

This investigation took this problem because some 
investigators studied the lack of water and the found that its 
main reason of this problem, is that there is a big demand of 
water in urban areas. And in this article, we will analyze the 
option of porpoise one SCALL for Queretaro in which we have 
about 555 mm3 of rainwater. This is a big opportunity in the 
whole world because it represents the main source of fresh 
water. [5] 

Many states of México obtain its water principally from 
springs. Those projects started with an expectancy of less 
people than the actual population. [6] That´s a problem, 
because in a near future the world will have troubles due the 
lack of water. So, are looking to offer another option to save 
water and reduce the overconsumption in the planet, show its 
advantages and show that the water is one of the “Precious 
resources” in the earth. 

It is incredible some issues in Mexico [7]: 

x The most of the north states have a high index of 
urbanization, so, they have a higher demand of water. 
But, in these states, there are the lowest rainfall average 
in Mexico 

x In the other corner of Mexico, in the south, there are the 
higher rainfall average, the highest marginalization rate 
in Mexico and a lot of rural zones. 

 It seems that are two different countries, but, those 
situations happen in one country, our country. It is so important 
take this problem very serious, because it is quite important 
that in some states there are flood problems and other states 
have a lack of water.  

The objective is to design one SCALL that could be 
installed in roofs of houses already built taking on count that 
water cannot be storaged more than 24 hours pluvial water and 
focusing on WC and some other domestic tasks.  

II. TEORICAL CONSIDERATION  
The demand or endowment for person is the water quantity 

that a person needs every day to expire with the physical and 

biological functions of its body. This water need can change 
of 25 liters per day for person, like minimum, up to 80 l / day. 

The World Health Organization (WHO) thinks that the 
suitable water quantity for human consumption (to drink, to 
cook, personal hygiene, cleanliness of the hearth) is 50 l/hab-
day. 

For calculation effects, the quantity assigned by person 
will depend on the quantity of available water (fallen 
rainwater and aptitude of reception and storage) and on the 
quota to which he could adapt himself. 

A high percentage of the water that is used in the 
Metropolitan area of the City of Querétaro comes from the 
aquifer of the Valle of Querétaro. East finds south-west of the 
State located in the part, comprising the municipalities of 
Corregidora, El Marqués and Querétaro. [8] 

In the last years the City of Querétaro has developed 
problems to satisfy its needs, needs sufficient water to cover 
the demands of the agriculture, industry and domestic use For 
the city, the problems concerning the handling of the water are 
related to the increasing increase of the demand, caused 
principally by the population growth and the economic 
development of the recent years. 

The State of Querétaro splits into three areas in accordance 
with its climate. The average temperature is of 18°C and the 
annual average precipitations reach approximately 570 mm. 
The central region is characterized by the type of dry or 
semidry climate, including approximately 50 % of the 
territory, with an average of maximum temperatures of 35°C 
(in summer) and minimal temperatures of 0°C (in winter), the 
rains station is contemplated in May to October that 500 mm 
per year do not exceed. The humid and subhumid warm 
climate is typical in the regions of the Sierra Madre and Sierra 
Gorda, with maximum temperatures of 40°C (in summer) and 
minims of 15°C (in winter), the rains station they are intense 
between spring and summer with 1500 mm per year. In the 
high regions of the Sierra Gorda in the state, the climate is 
moderated humid and subhumid, with maximum temperatures 
of 25°C and minims below 0°C. 

The project focuses in the capital of the state of Querétaro, 
located in the central region, Santiago de Querétaro presents a 
semidry climate, annual average temperature of 18°C and with 
approximately 150 mm of annual precipitation. The station of 
rains of the capital passes between May and October, which a 
little more than 75 % accumulates whole of the rains in the 
city, generally there are rains that take place to the evening, 
July is the rainiest with 130 mm. [9] 

In average, the familiar nucleus Queretano is shaped by 6 
members that it depends principally on the area. 

The following relation is applied to estimate the 
consumption of the family: 

 
Vth nec = (n)(c)(p) 

(1)[10] 
Vth nec: Necessary water volume  
n: Number of persons living in the house 



 

 

c: Average water consumption for person per day (Litters) 
p: Period of considered consumtion (days) 
 
The priorities for the domestic use the family establishes them, 
considering first of all the feeding; then, the personal hygiene, 
the cleanliness of the goods, useful and personal objects and 
of the hearth, etc. The supply must be continuous and the 
rational and efficient use. 

A. Elements of a system of reception of Rain waters [11] 
x Compilation module. In the compilation module The 

roof of the house must be adapted to optimize the 
compilation, a smooth and free obstacles surface is 
going to allow us a good compilation. One think to have 
in mind is try to maintain the roof or the covering more 
possible bootblack to prevent the water from being 
contaminated and from wrapping up the system of 
conduction of the water. 

x Conduction module. The system or network of 
conduction is in charge of transporting all the water 
gathered to the receptacles of storage. In these cases 
channels or canaletas of sewer pipe there are the 
method simplest to transport the water, the slope of 
these channels of sewer pipe in general recommends to 
itself to be of between 2 and 5 %. 

x Filtration system. This system is important because that 
will allow to have a cleaner water. 

x Storage. The tanks and cisterns are the form simplest to 
store the water, we must protect them from the direct 
solar light and they must be properly closed. 

x Distribution system. The distribution systems take the 
water stored from the storage up to where its use is 
needed, for it a bomb can be used or it can be also for 
gravity. 

III. METODOLOGY  
To do this project, this investigation focused to Queretaro, 

where we live, because Queretaro it is in the center of Mexico, 
so it has an average rainfall in Mexico. Also, Queretaro have a 
moderate weather, nor too much hot neither too cold. 

Also, Querétaro had been selected because it is obtaining 
its water of underground springs, for 2015 the population 
expected were around 1,600,000 people and we were in 2015 
2,038,372 habitants. Overpopulation in Queretaro is appearing 
as a problem because it forces us to concentrate water in one 
place and do not deliver this valuable resource in other parts. 
With this idea, we are looking to get water for every zone of 
Queretaro to make activities that doesn’t need potable water. 

In this investigation started proposing a residential house 
as the target house with area of 129.22 m2. The study will 
reveal if that area is enough to make this system able to save a 
good quantity of water. 

After that, due the research in a page, we expect that in 
summer we will have better results because we will catch 
around 350 litters. 

 

IV. RESULTS 
A pluvial water collection system was designed for a 

residential house in the state of Querétaro, the catchment area 
is 129.2216 m2 and a catchment perimeter of 72.5678 m  

 

Figure 1. Up view from the model of house planned. The 
dark side represents the area where we test the catchment area. 

 
Taking into account that the precipitation of water in 

Querétaro (state) is 570 mm / year, and taking into account our 
catchment area, a design was obtained, with the help of a web 
page called "Fundación cántaro azul", the data of catchment. 

 

 

 
Figure 2. Expected consumption estimated. 
 
 The use of potable water in the state is 200 l / p / d, then 

with the collection system is expected to have a consumption 



 
 
 

 

of 20 l / p / d, having a water tank of 1100 liters for catchment, 
in a year would be 32,027.00 l / year. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. According to “cantaro azul” this graph represents 

the months vs.litters per month. 
 
This system of water collection will allow to use all the 

water collected in w.c, for irrigation and cleaning. Having all 
this we designed a collection system very easy to install and 
simple, since it was also taken into account that it is 
economical. 

This system starts from the roof slab, waterproofing the 
entire catchment area, as a rule a 2% slope was applied, 
without part of the water; since the 1100 L water tank was 
placed in the backyard of the home, it consists of two BAP 
(rainwater down), 100mm (4 "), with a strainer to stop large 
solids, the water will travel through a tube of 100mm (4 "), 
directly to a 4-stage filter with UV light, discharging into the 
collection tank, then it will come out by means of a 5hp pump, 
having two outputs with valves, one for garden irrigation / free 
outlet and another connection to sanitary furniture (wc). 

In case the rain was very intense or the BAP (rainwater 
fall) were covered, the roof will begin to fill, has two BAP 
(rainwater fall) for the front of the house, with grid and tube of 
100mm (4 "), having fallen by gravity to two pluvial records 
of 40x60cm of concrete, having discharge to the street, all this 
to avoid damages in the roof slab or leaks. 

 

V. CONCLUSION 
Considering the catchment air of 129.2216 m2, a cistern of 
1100 l, we can gather 32027 l / year and the expenditure per 
drinking water consumption standard is 200 l / p / d, in a year 
it represents 73000 l / p / d . Thanks to this proposed system 
we can save up to 8.77% of drinking water in one year per 
house, this system can save a small amount of water in a year, 

but it is a considerable amount, taking into account the 
problems with drinking water. 

 

 
Figure 4. Hydraulic plane of the system proposed.  
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ABSTRACT 
One of the greatest developing sectors in the 
construction is the residential sector, the more 
population, the more construction and energy they need. 
The use of energy produces contamination because of 
the use of based oil combustible and increases the issue. 
Many countries have adopted the Energy and 
Environmental Design (LEED) certification system as a 
base for sustainable building, this implies that is 
necessary to develop to obtain this certification and thus 
create sustainable constructions for different parts of the 
world. Most of the projects that are carried out are not 
regulated to be considered sustainable. The objective of 
this paper is to create a focused in the energy uses and 
environmental impact project proposal aiming to 
improve the quality life of people in residential sector, 
comparing this project proposal with system’s 
qualification points that LEED certification handles. the 
study is carry on taking on count the following points 
Sustainable Sites (SS), Water Efficiency (WE), Energy 
and Atmosphere (EA), Materials and Resources (MR), 
Interiors Environmental Quality (IEQ), Innovation in 
Design (ID).  Certification system as a base for 
sustainable building implies that is necessary to develop 
new ideas in order to obtain this certification in a best 
possible way and thus create sustainable constructions 
for different parts of the world. Most of the projects that 
are developed are not regulated to be considered 
sustainable. 
 

Keywords—Sustainable construction; residential sector; 
LEED certification system; environmental impact; energy 
efficiently. 

  
I. INTRODUCTION 

The use of energy produces contamination because of 
the use of based oil combustible and increases the issue 

[1]. According to the World Health Organization 
(WHO) air quality model confirms that 92% of the 
world’s population lives in places where air quality 
levels exceed the established limits [2]. Air pollution 
represents the biggest environmental risk to health. In 
2012, one out of every nine deaths was the result of air 
pollution-related conditions. Of those deaths, around 3 
million are attributable solely to ambient (outdoor) air 
pollution [2].  Air pollution levels in cities is cited as an 
indicator for urban sustainable development; access to 
clean energy – particularly clean household fuels and 
technologies – is highlighted as an indicator for 
sustainable energy. Current, world population has 
increased, as a result the number of residential buildings 
has been increasing. China, India and USA lead the 
most populous countries ranking respectively [3]. 
The building sector is the largest energy-consuming 
sector, accounting for over one-third of the final energy 
consumption in the world [4], and the societal and 
economic impacts of a short-term approach to the 
problem could result in inflated problems for future 
generations [5]. In a study realized in Italy, it has been 
estimated that construction sector is responsible of 
almost 36% of greenhouses gas production; the 
objective of this study was the refurbishment of existing 
buildings stock, especially in the residential sector that 
in this country corresponds to 88% of total buildings 
[6]. That is why the emergence of green building rating 
systems was crucial, as they inform people how 
environmentally a building is through their certification 
[7]. Leadership in Energy and Environmental Design 
(LEED), which has played an important role in 
spreading the green building certificate system 
approach worldwide, aims to reduce negative 
environmental effects of buildings and ensure energy 
efficiency [8]. One example of sustainable 
constructions are the green vegetation systems, such as 
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green walls and green roofs, are developed to make the 
buildings more sustainable [9]. 
The sustainable construction market is experiencing 
exponential growth and in 2013 it was valued at 260 
billion dollars. Consequently, it also increases the 
demand for green building materials and it is believed 
that this market will reach 234 billion dollars in 2019. 
According to the second annual world ranking of the 
countries with the highest number of projects approved 
with LEED certification, obtained that after the United 
States (53908 projects), there are Canada (4814 
projects), China (2022 projects) and India (1883 
projects) in the first places [10]. Information that is 
useful to know the interest that several countries have 
for continuing to develop construction projects that are 
friendly to the environment. 
Certified projects demonstrate leadership, innovation 
and social responsibility. Also, LEED certification 
brings with it tangible benefits, such as: 

x Better spaces, conditions for the health and 
productivity of its occupants. 

x Reductions of greenhouse gas emissions. 
x Access to tax incentives. 
x Lower operating costs. 
x Increase in the value of your assets. 
x Decrease of waste. 
x Conservation of energy and water. 

According to a residential real estate commercial study 
conducted in the city of Querétaro by Grupo Acerta in 
2013, it was recorded that on average the houses built 
have 3 bedrooms, 2 to 3.5 bathrooms and 2 to 3.5 
parking spaces and have an approximate of 134.60 m2 
to 284.35 m2 of constructed area [11]. Taking into 
account the aforementioned, we can have a better 
dimensioning of the construction sector which will be 
our objective in the realization of this project. 

  
II. BACKGROUND INFORMATION 

The trend in saving resources is driven by the need that 
collected data shows [1], it is of great importance the 
current situation of development and population 
growth. With the purpose of analyzing and measuring 
the impact that a house has, different points based on 
the LEED certification have been classified and 
categorized. 

The first parameter to be measured is location and 
transport (LT), which seeks to reduce the environmental 
impact and protect areas designated for social 
development purposes. The agency in charge changes 
according to the region in which it is located, due to 
variations of the environment in terms of climatic 
conditions and for political and social factors [12]. In 
the United States, the agency in charge of establishing 
areas that are not suitable for construction is the Federal 
Emergency Management Agency (FEMA), which is in 
charge of encouraging the population to carry out 
development plans focusing on natural disasters, in 
another approach FEMA coordinates for national 
security coming from emergencies and disasters, both 
natural and caused by man [13]. In Mexico, the agency 
that deals with natural resources, their protection and 
use is Secretaría de Medio Ambiente y Recursos 
Naturales (SEMARNAT) which is also responsible for 
establishing the national environmental policy for 
sustainable development, also establishing the national 
program for urban development and the general law of 
ecological balance and protection of the environment. 
In addition, it is responsible for establishing the national 
environmental policy for sustainable development, it 
also establishes the national urban development 
program and the general law of ecological balance and 
protection of the environment [14]. 
Sustainable sites (SS), which is related to the last 
subject LT, aims to reduce pollution caused by 
construction activities controlling soil erosion, 
sedimentation of channels and dust in the air. It takes in 
account the impact that the construction of the project 
has on the local community and the environment. The 
use of resources near the location where the project is 
to be developed greatly reduces the pollutants generated 
by the transport that is required, in the same way, having 
the proper machinery and in good condition makes the 
emission of gases contaminants coming from said 
machinery is reduced and can be used in an optimal 
time. Well planned work allows the project to be carried 
out quickly and efficiently, reducing costs and 
damaging to the environment. The LEED validation 
methodology indicates that an erosion and 
sedimentation control plan should be developed, 
graphic or written with detailing specifications, if the 
process produce the best erosion control and 
sedimentation management practices the bases for the 
project are close to be done [15]. 



 

 

The third parameter focuses on water efficiency (WE), 
at this point the optimal use of water is verified, in 
addition to integrating technologies for an alternative 
supply and a decrease in demand for it [16]. In 
Querétaro in the year of 2012, it was determined that the 
monthly consumption per household which has an 
amount of 3 to 5 people goes from 13500 to 22500 liters 
[17]. 
Wanjiru proposes a system of water collection and reuse 
of it (Fig. 1) for the different processes of a house, this 
consists of using 3 water tanks, the first one (Potable 
water) is connected to the drinking water network, the 
second (Holding tank) is connected to the rainwater 
collection system and the third (Gray water tank) 
separates the gray water from the black water and is 
connected to a pump that sends the gray water to the 
third tank for its reuse and the waters black directly to 
the drain. It was concluded that the proposed system 
reduces drinking water consumption by 23.5% [18]. 
 

 
Fig 1. Water collection and reuse system [18]. 

 
The Energy and Atmosphere (EA) section refers to an 
improvement in the fields of demand, efficiency and 
energy performance in the next construction projects. 
Buildings and the construction industry consume 39% 
of the energy produced each year. Therefore, the energy 
and atmosphere category regulates a wide variety of 
strategies for reducing energy consumption and 
increasing the efficiency of buildings: Optimization of 
energy performance, use of Renewable energies, 
efficient installations [19]. According to studies 
conducted in Mexico in the year of 2008, the monthly 

consumption per house, which has an amount of 3 to 5 
people ranges, is between 1024.801 to 
751.241megajoules [20]. 
The energy consumption record is managed by different 
commissions in each country. In the year of 2016 in 
Mexico, Secretaría de Enegía (SENER) conducted an 
analysis of energy consumption by sector, resulting in 
industrial consumption with 1680 petajoules, the 
residential with 756 petajoules, the commercial with 
171 petajoules, the public with 31 petajoules and the 
transport with 2484 petajoules (the percentages are 
presented in figure 2) [21]. It is important to know this 
information about the expense involved in the 
residential sector and thus propose a solution that helps 
reduce consumption in that sector. 
 

 
Fig 2. Energy consumption according to sector in Mexico [21]. 

  
Materials and resources (MR) includes the 
conservation, management and reduction of materials 
for construction, as well as recycling them in order to 
reduce waste of resources and environmental pollution 
[22]. Research conducted by the World Business 
Council for Sustainable Development (WBC SD) has 
shown that construction and demolition waste (CDW) 
are important when talking about recycling because 
they have advantages in terms of: Transportation costs, 
CDWs are in urban areas close to the construction site, 
while virgin materials are usually obtained from places 
close to the construction zone, which indicates a low 
transportation cost. The life expectancy, the durability 
of the recycled concrete means a long useful life that 
can present advantages in sustainability compared to 
other materials [23]. 



 
 
 

 

Interior environmental quality (IEQ) tries to develop a 
building that has in its interior an optimal environment 
for the development of the people who are in it, with 
well distributed and acclimatized spaces, promoting 
well-being. Every time there is greater limitation in the 
built spaces, not only because family structures have 
evolved but because urbanization land is scarce in large 
cities, where the population density is high in direct 
relation with industrial development and the supply of 
employment. The tendency to build dormitory cities 
that surround the large cities where economic activity 
develops continues. It is increasingly built for small 
families and even one-person families, but those spaces 
must ideally have all the conditions that minimize 
mechanical risks, with more ergonomic designs and 
with total control of the ambient factors, such as 
lighting, noise and air. Several studies indicate that 
pollutants in indoor air may be in greater quantity than 
those in outdoor air. These reasons attach importance to 
these reasons: 1) pollutant concentrations are not 
significantly reduced when outside air enters buildings, 
2) people consume approximately 90% of their time 
indoors, 3) inside buildings they concentrate new 
sources of air pollution by hundreds of products that are 
used in them [24]. 
Innovation in design (ID) aims to promote ideas or 
initiatives in addition to those raised in the previous 
LEED certification qualification categories. In this 
section points are obtained starting from the innovation 
presented by the project in each of the categories, with 
the presentation of quantitative performance 
improvements comparing them with a standard 
performance base, taking into account that the processes 
must be comprehensive (applicable to the entire project) 
and should be replicable and applied in another project, 
significantly improving the principles of standard 
sustainable design [25]. 
Regional Priority (RP) includes the characteristic needs 
of the place where the planned project will be 
developed. This point depends completely on the needs 
of the population to whom the construction project is 
directed, taking in count the way in which it will impact 
the lives of the inhabitants of the property [26]. 
  

III. MATERIAL AND METHODS 

The methodology to implement begin with the project 
which is based in the urban development in residential 

sector and the statistics on population what is going to 
let estimate a concrete prototype or ideal of it, this one 
is object of analysis.  
An analysis of this approved project looking forward to 
the next variables: Location and transport (LT); Sustainable 
sites (SS); Water Efficiency (WE); Energy and Atmosphere 
(EA); Materials and Resources (MR); Indoor Environmental 
Quality (IEQ); Innovation in Design (ID); Regional Priority 
(RP). According to it, but without look all of them like a unity 
or part of the same project, propose the idea.    
 

 
Fig. 3. Methodology for project certification. 

 
This methodology takes in count different concepts 
according to a local perspective, the methodology takes 
as main fact the where come from of the resources and 
where the project is going to be realized. 
According to the analysis there are opportunity areas 
(OA) of the project and according to this analysis is 
going to be the feasibility of its appliance. The steps to 
follow will lead the project to obtain LEED 
certification, if there are anything to change it's just to 
improve and get a better level. Many facts can be 
implemented to build a better efficiency between all 
resources and the optimal use of them, this is the main 
objective for a residential project. The analysis of 
project model may be the most important step because 
the whole project must cover the facts adapting the 
different implements to reduce the pollution production. 
Then, variables according the category in the LEED 
certification system will be subjected to an integral 
analysis design a proposal to implement a feasible 
project in which the resources harnessing should be the 
greatest. 
There are a lot of new technologies and those are what 
project must have, also it is important to implement 
constructive proposes with the objective of improve the 
interior and exterior quality, besides it is main to 



 

 

generate a new constructive technique about green 
adjustments, building without breaking down the nature 
balance. Finally, of the optimized project, there are two 
options, the analysis was well done and consider the 
change in both projects or return to first analysis of 
project model and take in count the deficits and the 
feasibilities of the applied models (fig. 3).               
 

IV. RESULTS AND DISCUSSION 

The projects carried out with this perspective are 
monetarily affordable, the recovery time between the 
different projects is different. However, considering the 
useful life of the buildings, the recovery time becomes 
relatively short. 
The adaptability of the project and variations of this 
depend on the conditions of the site and the needs of the 
owner, both dimensions and obtaining resources will 
depend on a previous analysis, based on the information 
gathered in the present the following considerations are 
taken into account: 
With regard to materials and resources (MR), as well as 
location and transportation (LT), the choice of local 
materials is chosen, with the possibility of using 
recycled materials. It shows that increasing the time or 
distance of transfer of raw material increases the impact 
that is on the environment. Not so should the quality of 
the construction be reduced, studies of the different 
materials to be used are required as well as technical 
specifications provided by the different suppliers for the 
realization of a complete and viable project. It is a 
practical approach to the origin of the materials, 
however, it does not stop being a great factor the 
constructive process that they carry out, their useful life, 
and above all the impact they have on the environment 
from its origin and all means and processes involved, 
their use and termination. 
The use and implementation of new technologies and 
systems will be established for reasons of savings, 
efficiency and environmental impact. Within these 
concepts we can locate mainly what refers to 
sustainable sites (SS), energy and atmosphere (EA) and 
water efficiency (WE), although its scope is not limited 
to its independent execution, but to the execution of the 
different systems as a whole, these systems will be 
defined with analysis of the environmental 
characteristics of the area where the project will be 
developed, in order to know the times and amount of 
rainfall in different areas of a place and thus decide the 

most optimal system to use in the project, as well as the 
orientation of the residence for the use of solar energy 
during the day and the amount of energy used by each 
household on average and thus use a system that helps 
optimize energy. 
 

V. CONCLUSIONS 

The development and implementation of different 
technologies within the residential sector is a field that 
is still in expansion, currently looking for alternatives to 
improve projects in the environmental sense being the 
residential sector one of the most important, however, 
the cases applicable to this sector are few and different 
social factors involved in its development or 
implementation due to the lack of willingness to make 
short or medium term investments for the improvement 
of private housing. LEED is a very complete 
certification, since it has many categories which are 
essential when planning a construction project, the 
acceptance of this certification is reflected in the 
number of certified projects worldwide, this indicates 
that more and more people are concerned about the 
environment and the impact that construction has on it, 
wanting to achieve higher impact certifications. 
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Abstract 

Due to the frequent application of synthetic fertilizers in 
agroecosystems, the quality of soil, water and production costs 
have been affected. Agriculture is the main source of food and 
part of the economic development of countries. However, day 
by day, the demand for food is May and there has been a need 
to accelerate the growth of plants, current practices such as the 
application of chemical fertilizers that affect the environment. 
Phosphorus is one of the fundamental nutrients in the 
development of crops which is added in the form of fertilizer 
but the reserves are becoming depleted every day, there is a 
large amount of Phosphorus fixed in the soil that can´t be taken 
by the plants. As an alternative in recent years, strategies have 
been developed to replace or reduce the use of fertilizers. The 
microorganisms have been exposed to fulfill functions that 
maintain the equilibrium in the ecosystem besides promoting 
plant development using diverse mechanisms, among them the 
solubilization of phosphates. This nutrient is vital for the 
development of the plant, but it is not available in the soil. 
 
Keywords— (solubilize microorganisms, Phosphorus, 
bacteria) 

 

I. INTRODUCTION  
Currently, agriculture has the challenge of producing more 

food per unit area, it is estimated that by the year 2050 the 
population will be 9100 million people so it will be necessary 
to increase food production by 70% [1]. 

 
Plants need different nutrients to reach their maximum. 

Most crops are developed by absorbing nutrients from the soil 
and their ability to do so depends on the nature of the soil where 
they are established. Soil texture and acidity determine the 
extent to which nutrients are available to plants. The nutrients, 
which are demanded by the plants, are naturally in the soil, but 
most of the time these are added in the form of fertilizers to the 
soil so that they can be taken by the plants [2]. Phosphorus is 

one of the essential elements needed in optimal amounts for the 
growth and development of plants [3]. 

 
Phosphorus is one of the essential elements for the growth of 

plants. It is estimated that approximately 60% of this element 
comes from phosphate rocks [4]. 

 

II. PHOSPHORUS IN THE PLANT AND SOIL  
Phosphorus (P) is an essential nutrient and limiting growth 

in agroecosystems [5]. However, this limitation could be 
replaced by external contributions to the soil in the form of 
phosphate fertilizers. Which are formulated from the reserves 
of rock phosphate. Therefore, many researchers are concerned 
about the rapid decrease in Phosphorus reserves due to their 
constant extraction [6-7]. Recently, there is a contradiction in 
opinions regarding the availability of global Phosphorus 
reserves. 

 

A. Phosphorus in the plant  
Phosphorus is an essential element for the growth and 

development of plants, acts in photosynthesis, in the maturation 
of fruits, is a factor in the formation of roots and flowers, is part 
of the nucleic acids, ATP and phospholipids that they integrate 
and give flexibility to the cell membranes, in addition it 
increases the plant's resistance to low temperatures and diseases 
[8]. 

Plant roots absorb phosphorus as either of H2PO4
− or HP4O-

2 [8]. Most of the Phosphorus inorganic taken up by roots is 
loaded into the xylem and subsequently translocated into shoots 
[9].  

Phosphorus is founded in all tissues of the plant in a variable 
concentration, depending on the part of the vegetative apparatus 
that is considered, P is essential in the formation of enzymes 
and proteins [10]. 

 
Phosphorus is one of the essential nutrients and is cataloged 

as macronutrients, because it is required in large quantities by 
plants [11]. 



 

 

 
 

B. Phosphorus dynamic in soil  
Phosphorus nutrition is a limiting factor for crop in many 

soils due to relatively low Phophorous availability because 
Phosphorus can be readily adsorbed or fixed by calcium (Ca) 
aluminum (Al) and iron (Fe) in acid soils [12]. Around 10-30% 
of Phosphorus applied as fertilizer may become available to 
plants [13] which aggravates the economic losses due to the 
excessive use of Phosphorus fertilizers in intensive agriculture 
[14]. 

 
Soil Phosphorus exists in inorganic and organic chemical 

forms. Principal Phosphorus minerals are variscite, apatites, 
strengite, and are stable, and the release of available 
Phosphorus from these minerals by weathering is too slow to 
meet the crop demand [15]. Contrary the second Phosphorus 
minerals are iron (Fe), calcium (Ca) and aluminum (Al) 
phosphates vary depending of soil pH and size of aggregates 
[16]. If increasing soil pH, solubility of Al and Fe phosphates 
increases but solubility of  Ca phosphate decreases, unless 
for pH values above eight [12].  The Phosphorus adsorbed as 
Al and Fe oxides can be released by desorption reactions. These 
Phosphorus forms exist in complex balances with each other, 
representing since very stable, sparingly available, to plant-
available Phosphorus pools such as labile Phosphorus and 
solution Phosphorus (Fig. 1) [15]. 

 
In acidic soils, Aluminum and Iron oxides and hydroxides, 

such as gibbsite, hematite, and goethite, can dominantly adsorb 
Phosphorus. P can be taked up on the surface of clay minerals 
and Fe and Al oxides by forming various complexes [15].  The 
complexes may coexist at pH 4 to 9, while complex is 
predominant acidic soil conditions [17].  Phosphate can 
precipitate with Ca, making dicalcium phosphate that is 
available to plants. However, dicalcium phosphate can be 
transform into stable forms like octocalcium phosphate and 
hydroxyapatite, which are less available to plants at alkaline pH 
[17].  Hydroxyapatite dissolution increases with decrease of 
soil pH [18], rhizosphere acidification can be a good strategy to 
mobilize soil Phosphorus from calcareous soil [15]. The 
availability of soil Phosphorus is complex because it is highly 
associated with Phosphorus dynamics and transformation 
among various Phosphorus pools (Fig. 1) [15].   

 
 

 
Figure 1. Phosphorus dynamics in the soil / rhizosphere-plant [15]. 

 
 

III. THE PHOSPHORUS AND THE CURRENT SITUATION.  

A. Demand for food, demand for fertilizers 
According to the FAO (Food and Agriculture Organization 

of the United Nations) for the year 2050 the production of 
cereals (for food and fodder) will reach 30000 million tons, 
while that of meat will double almost 50% to reach 470 million. 
Producing more food will depend above all on increasing crop 
yields, not on growing more land. The production of biofuels 
could also increase the demand for agricultural commodities, 
depending on energy prices and government policies [19]. 

 
The International Association of Fertilizer Manufacturers 

foresees that for this period 2017-18 the world demand for 
fertilizers will increase by 1.6% with respect to the previous 
period. In the case of P2O5, the increase is estimated at 1.5% 
(up to 43.5 million tons) [20]. 

 
 

B. Phosphorus reserves  
The agriculture that is developed today depends on the 

inputs of phosphate fertilizers derived from extracted rock to 
replenish the Phosphorus taken by the crop, but the phosphate 
rock is a non-renewable resource. The reserves of phosphate 
rock are under the control of China, Morocco, the USA, South 
Africa and Jordan that control 85% of the world reserves [21], 
which makes the European Union sensitive, and at volatile 
prices, as it happened in 2008 with the 800% increase in the 
price of phosphate rock [22]. 

 



 

 

China to ensure its domestic supply has imposed a tariff of 
135% on the export of phosphate to avoid exports [23]. 
According to industry analysts, World mine production 
capacity, except China, was projected to increase to 168 million 
tons in 2021 [21].  The United States, historically the largest 
producer, consumer, importer and exporter of rock phosphates, 
in 2008 its reserves were calculated for a duration of 25 [24-22]. 

 

IV. ALTERNATIVES, MICROORGANISMS SOLUBILIZER OF 
PHOSFPHATOS.  

Farmers apply phosphate fertilizers on their crops to combat 
the Phosphorus deficiency in their soil. Plants absorb very few 
amounts of the fertilizers and the rest quickly becomes 
insoluble complexes in the soil. 

 
Phosphate fertilizers with P2O5 useable when added to the 

soil are fixed and are not available for plant growth. The role of 
microorganisms in the solubilization of inorganic phosphates in 
the soil and its availability to plants is well known. They are 
called phosphate solubilizers and convert the insoluble 
phosphates into soluble forms by acidification, chelation, 
exchange reactions and gluconic acid production [25]. 

 
The rhizosphere is the zone of interactions microorganisms, 

plants and soils. Plant roots can modify the rhizosphere 
environment due some physiological activities, for example, 
exudation of organic compounds like mucilage, organic acids, 
phosphatases, and some specific signaling substances, which are 
key drivers of various rhizosphere processes [15]. The biological 
and chemical processes around the rhizosphere not only 
determine acquisition and mobilization of soil nutrients as well 
as microbial dynamics, but also control nutrient use efficiency 
[12]. Phosphorus can be rapidly depleted in the rhizosphere by 
root uptake, due to its low solubility and mobility in soil. 
Phosphorus content generally exceeding the plant requirements, 
but the low mobility can restrict its availability to plants [15].  
Soluble Phosphorus in the rhizosphere soil solution should be 
replaced 20 to 50 times per day [26].   Phosphorus dynamics in 
the rhizosphere are controlled by plant root growth and function, 
and highly related to physical and chemical properties of soil 
[27].   

 

A. Phosphate solubilizing microorganisms 
The microorganisms solubilizing Phosphorus, strains 

become of to the bacterial genera Bacillus, Rhizobium, 
Pseudomonas, etc. and the fungi for example Aspergillus, 
Fusarium, Pencillium, Helminthosparium, Alternaria, etc., are 
the most potent phosphate solubilizes [28]. 

 

Phosphate Moroccan rock inoculated with Aspergillus niger 
for seven and nine days, obtaining as a result a high 
solubilization index after nine days [29].  Isolated soil samples 
where found Deteuromycete, Penicillium sp, Aspergillus niger, 

Zigomycetes and Paecilomyces sp all with solubilizing activity 
evaluated in calf media. Where the species Penicillum sp and 
Aspergillum niger showed a higher solubilizing activity of 
phosphates [30]. Gluconacetobacter diazotrophicus showed a 
significant mineral phosphate solubilizing potential [31]. 

 
Isolated from the rhizosphere of Saccarum officinarum L. 

(sugarcane), a strain of Citrobacter sp., with the facility to grow 
in medium based on sucrose or fructose and phosphate rock as 
carbon and Phosphorus sources, respectively. Results by high 
performance liquid chromatography showed that when the 
bacteria developed in a culture medium with sucrose produced 
acetic acid and when it grew in fructose a low level of pyruvic 
acid was originated. It follows that the solubilization of 
Phosphorus by means of organic acids of bacterial origin is 
related to the carbon source [32].  

 
The bacterium Kushneria sp. YCWA18 can survive at a 

concentration of 20% NaCl and, under optimal conditions, 
solubilized 283.16 μg/ml Phosphorus in eleven days after being 
inoculated in 200 ml Ca3 (PO4)2 and 47.52 μg/ml Phosphorus 
in eight days after being inoculated in 200 ml of lecithin [33].  
Of 122 soil samples from different crops in Mexico and 
Guatemala were analized to create a liquid biofertilizer such as 
nitrogen fixative, phosphate and potassium solubilizer, among 
the solubilizing microorganisms they found were Pseudomonas 
flourescens from an oil palm crop in Guatemala, Pseudomonas 
sp. a culture of watermelon in Mexico and Penicillium sp in a 
tomato crop also in Mexico [34]. Of the rhizosphere of a corn 
crop isolated six bacteria, Paenibacillus sp. strain B1, 
Pseudomonas sp B10, B14, SX1 and SX2 and one Sphingobium 
sp SX14, quantified the ability to solubilize phosphate in 
National Botanical Research (NBRIP) as Ca3 culture medium 
(PO4) 2, AlPO4, FePO4 and licitine. Their results report that all 
isolates solubilized inorganic Phosphorus but SX1 and SX2 
having the best results with 493.1 and 529.7 mg.L-1 respectively 
in Ca3 (PO4)2 and while strains B1 and B10 solubilized 
inorganic Phosphorus (lecithin) [35]. The fungus Penicillium 
oxalicum was isolated from the soil of the rhizosphere of the 
phosphate mines of India and tested for its effectiveness in 
solubilizing phosphate rock, results showed that Penicillium 
oxalicum effectively solubilized the phosphate rock in a 
Pikoyskaya medium. The solubilization increased according to 
the increase phosphate rock concentration of, 0.1, 0.5, 1.0 and 
2.0, equivalent to P2O5 gr, the soluble Phosphorus was 73.7, 
168.8, 457.9, and 586.2 μg/ml [36]. The bacterium 
Enterobacter sp strain P23 as a growth promoter because it 
produces indole-3-acetic acid (IAA), the solubilization of 
phosphates, production of siderophores and production of NH3 
[37].  A study of six strains of Actinomycetes extracted from the 
phosphate mines of Morocco, Streptomyces lividans TK24 and 
Streptomyces griseus s. M1323 and 2 species of Streptomyces 
(SGMPM, SC SB11) and micromonospora species (MAMPM)  
reported that the actinomycete strains isolated from the 
Moroccan Phosphate Mines, as well as S. griseus M1323 and 



 

 

S. lividans TK24, were all capable of using rock insoluble 
phosphoric as sole source of phosphate. However, not all were 
able to release soluble Phosphorus in the growth medium (only 
the strains MPM and S. griseus M1323 released Phosphorus) 
but not S. lividans [38]. Different combinations of phosphate 
fertilization was tested  in wheat grain yield (control, di-
ammonium phosphate DAP 100 kg/ha, rock phosphate 150 
kg/ha, phosphate + Phosphorus solubilizing bacteria 
Pseudomonas sp. BR2, and three biological superphosphates 
BioTRP metodology [39-40], tilemsi rock phosphate 
inoculating it with Thiobacillus Thiooxidans AHB436 
BioTRP1, Thiobacillus thiooxidans AHB411 BioTRP2 and 
Thiobacillus thioparus AHB717 BioTRP3). The results showed 
that the best biologycal treatment was BioTRP1 producing 
2840 kg/ha grain yield exceeded by the treatment fertilized with 
DAP in 260 kg [40].  The Streptomyces griseoplanus PSA1 
isolated strains from the rhizosphere maize soil from China, 
which was capable of Phosphorus solubilization from 
tricalcium phosphate. Release of different phosphates by 
Streptomyces griseoplanus PSA1 from ferric phosphate, 
aluminum phosphate and rock phosphate indicated its efficient 
phosphate solubilizing ability. Tested the bacteria in the field 
and found that with a good combination of Streptomyces 
griseoplanus PSA1 and phosphate fertilizer under field 
conditions, the amounts of available Phosphorus were 
increased and improve grain yield 11%. Also were detected   
acid citric, acid acetic, malic acid, succinic acid and oxalic acid 
[41]. Fig 2, show the importance of microorganisms to 
Phosphorus availability in soil [42]. There are biological 
processes associated with growth promoters activated by 
microorganisms that can directly or indirectly increase the 
availability of Phosphorus in the soil and therefore increase the 
ability of the plant to take it, Fig 3, [42]. 

 
 

 
Figure 2. Schematic representation of the importance of microorganisms to P 
availability in soil [42] 

 
 

 

 
Figure 3. Processes associated with microbially [42]. 

 
The organic acids produced by phosphate solubilizing 

microorganisms includes in great measure gluconic acid, oxalic 
acid, ketogluconic acid, citric acid, etc. The table 1 shows 
examples of plant growth regulators synthesized by phosphate-
solubilizing microorganisms and organic acids produced by 
phosphate-solubilizing microorganisms [43]. The solubilization, 
mineralization of inorganic and organic Phosphorus occurs by 
three mechanisms:  synthesis of enzymes, excretion of H + ions 
and production of organic acids [44-45]. One of the main 
mechanism of diazotrophic endophytic bacteria to solubilize 
Phosphorus is the efcient production of organic acids mainly 
oxalic, citric, succinic and ascorbic acids [46]. 

 
Table 1. Organic acids produced by phosphate solubilizing 
microorganisms and examples of plant growth regulators synthesized by 
phosphate solubilizing microorganisms [43]. 

Phosphorus 
solubilizing 

microorganisms 

Organic 
acids 

produced/
Plan 

growth 
regulator  
activities  

Initial pH 
of 

medium 

Final ph 
of 

medium  

Solubilized 
(mg/l) 

Aspergillus sp.; 
Penicillum sp. 

Glycolic, 
malic, 
Citric, 
gluconic, 
oxalic, 
succinic,  

7.0;7.0 3.2; 3.3 392;381 

Aspergillus niger Oxalatic, 
lactic 

ND ND 3640 

Trichoderma 
harzianum 

Lactic, 
succinic, 
tartaric, 
citric 

5.4 4.3 ND 

Rhizobium tropici, 
Paenibacillus 

kribbensis, 
Acinetobacter sp 

Malic, 2-
ketogluta
ric, lactic, 
succinic, 
tartaric, 
propionic
, gluconic 

5.0; 7.0 5.0; 4.0 70; 75; 75;  

Pseudomonas sp. R7 Lactic, 
isocitric, 
tartaric, 
pyruvic 

7.03 4.92 19.5 

Pseudonomas 
fluorescens I228 

Gluconic 7.0 4.06 1312 



 

 

Rhizobium sp. 
VM-2 

Organic 
acids 

7.0 4.93 4799 

Rhizobium sp. 
RASH6 

Succinic, 
gluconic 

7.0 3.4 275 

Bacillus 
megaterium 

Malic, 
quinic 

7.0 4.0 ND 

Trichoderma 
harzianum 

Citric, 
lactic, 
succinic 

7.2 4.68 9.31 

Pantoea 
agglomerans, 
Burkholderia 

anthina, 
Enterobacter 

ludwigii 

Gluconic, 
oxalic, 
citric 

7.0 3.2; 3.5; 
4.0 

575.16; 
384.28; 600 

Enterobacter 
hormaechei sub 
sp. steigerwaltii 

Gluconic, 
succinic, 
malic, 
glutamic 

7.0 3.5 505 

Azospirillum, 
Bacillus, 

Enterobacter 

Acetic, 
citric, 
gluconic 

7.0 Reduced 
pH 

218.1; 
298.3; 
258.6 

Burkholderia 
ambifaria KS 01, 
B. Tropica KS 04 

Acetic, 
citric, 
gluconic, 
lactic, 
succinic, 
propionic 

6.6 4.86; 
4.05 

433.81; 
499.85 

Penicillium sp. Gluconic, 
citric 

6.25 3.22 39.2; 86.6 

Acinetobacter sp. 
WR 1222 

Gluconic 7.0 4.21 414 

Pantoea sp. (sedes) 
 

IAA, 
sideropho
re, N2 
fixation 

 
 
 
 
 

 
 
 
 

 
 
 
 

Burkholderia sp. 
Enterobacter sp. 

(rhizosphere) 

IAA, 
sideropho
re 

   

Serratia marcescens 
P. aeruginosa 

(vegetables 
rhizosphere) 

IAA 
NH4 and 
HCN 

5.05; 
4.42; 

 143.58; 
160.34 

ND no determinate  
 
Pantoea sp. J49, en un medio liquido NBRIP con un pH 

inicial de 3.6 y 5.2 de pH final tuvo una solubilizacion de 
fosforo  de 385.4 mg/l [47].  Pseudomonas fluorescens K-34 
pH inicial de 7.0 y un pH final de 5.9 solubilizo 563 mg/l 
además de secretar los acids siderophore y IAA [48].  

 
 
Pantoea sp. J49, in a liquid NBRIP medium with an initial pH 
of 3.6 and 5.2 of final pH had a phosphorus solubilization of 
385.4 mg l [47]. Pseudomonas fluorescens K-34 initial pH of 
7.0 and a final pH of 5.9 solubilized 563 mg/l in addition to 
secreting the siderophore and IAA acids [48]. Bacillus cerus 
solubilizo 27 mg/ml, Bacillus megaterium, Bacillus subtilis 
140.44 y 35 mg/ml respectively. Proteus vulgaris 27, Proteus 
mirabilis 28, Micrococcus varians 26, Staphyloccus aureus 18, 
Proteus inconstans 30, Klebsiella pneumonia 28, Pseudomonas 
mallei 35, Enterobacter aerogens 34 mg/ml the Phosphate 
solubilization by bacterial isolates in broth using National 

Botanical Research Institute's phosphate growth medium 
(NBRIP) medium [49]. 

 
 

Isoted actinobacteria of the different regions that are able 
to solubilizing phosphate from wild plants of the Eastern 
Cordillera of Colombia. Used two form to qualitative assays to 
determine solubilization by measuring the halo of hydrolysis in 
a Pikovskaya’s and National Botanical Research Institute's 
phosphate growth (NBRIP) medium containing soluble 
phosphate by Actinobacteria was quantified using insoluble 
Ca3(PO4)2 or AlPO4 as single sources of Phosphorus. The bets 
strains were the collected from Fusagasuga area 510 mg/L [50]. 
Evaluate the effects of a Phosphorus mobilizing plant-growth 
promoting rhizobacterial strain Bacillus cereus GS6, alone or 
combined with phosphate enriched compost (food waste with 
addition of single super phosphate) on the symbiotic, found that 
the combination bettwen Bacillus cereus GS6 with PEC 
improve significantly the concentration of nitrogen, 
Phosphorus, and potassium in grain, shoot, and nodule  [51]. 
The bacterial diversity and Phosphorus dynamics was 
calculated in the composting process of the sugarcane, 
inoculated with Pseudomonas aeruginosa PSBR12 and 
Bacillus sp. BACBR01.  Showed inoculation of bacterial 
solubilizing Phosphorus reduced the levels of Ca-bound 
Phosphorus by 21% and increased the labile organic 
Phosphorus [46]. Twenty phosphate-solubilizing bacteria were 
isolated, identified as Bacillus megaterium (B. aryabhattai), 
Bacillus subtilis, Pseudomonas aeruginosa, Rhizobium sp., 
Acinetobacter sp., and Pseudomonas oryzihabitans. Seven of 
them were evaluated with phosphate solubilizing bacteria 
(NBRIP) plate culture. Results showed that halo zone formation 
by on NBRIP plates was a good indicator for screening PSB, 
but not good enough to quantify capability of Phosphorus 
solubilization [52]. 

 
The availability of Phosphorus was quantified in a soil with 

Phosphorus-enriched compost and together with the 
inoculation of Phosphorus-solubilizing rhizobacteria. For 
which isolated the bacterial strain AK-35 showed 99.76% 
resemblance with Enterobacter kobei CIP 105566T, strain AK-
35 was deposited in EMBL with accession number LK936515. 
For the quantitative solubilization of Phosphorus, the bacteria 
inoculated into the Pikovskaya broth solution containing rock 
phosphate (5 g/l). The methods are composed of compost, 
bacteria, and compost plus bacteria, results, total Phosphorus 
13.25, 18.33 mg/kg of soil and 0.65ns respectively [53]. Tested 
on maize and wheat fertilizer (diammonium phosphate, DAP) 
and phosphate solubilizing bacteria Pantoea 
cypripedii and Pseudomonas plecoglossicida, inoculated 
together with rock phosphate and singly. Inoculation these 
bacterias together with rock phosphate increased the total 
Phosphorus uptake in both crops [54].  Eighty-one bacteria with 
Phosphorus solubilization potential of only four, showed a high 
capacity to solubilize phosphates. These bacterias were 



 

 

classified as ketobacter licuefaciens, Acetobacter sp., 
Pseudomonas gladioli and PSB 58 (unidentified strain). All 
showed a maximum solubilization of Phosphorus 72.9, 63.8, 
68.8 and 59.0 mg/100 ml of solubilized Phosphorus amount 
respectively [55]. Quantified the Phosphorus solubilization 
potential of thirty strains of inoculated bacteria from the 
Himalayas. The diversity of bacteria found in members of the 
genera Serratia, Pseudomonas, Ochrobactrum, Bacillus, 
Agrobacterium, Staphylococcus, Enterobacter, Citrobacter, 
Acinetobacter and Pantoea. The majority of bacteria were 
viable to solubilize inorganic Phosphorus in the form of 
tricalcium phosphate in a range of 200-400 mg/l [56]. A 
bacteria solubilizing phosphate strain Burkholderia 
multivorans WS-FJ9 was tested in six levels ofexogenous 
soluble in phosphate (0, 0.5, 1, 5, 10 and 20 mM). Strain WS-
FJ9 showed better growth at high levels of soluble phosphate. 
The phosphate solubilization activity of WS-FJ9 was reduced 
as the soluble phosphate increased the concentration [57].  

 
A series of strains of phosphate solubilizing bacteria 

Isolated from the cultivation of Oryza sativa L., where it 
obtained the phosphate solubilization index (NBRIP-pH 7.0) of 
putsed Pseudomonas bacteria AI05, AJ13, 2.41, 2.14. In 
Arabica coffee (Coffea arabica L.) the phosphate solubilization 
index (NBRIP pH 7.0) with the bacteria Herbaspirillum sp. C4, 
Herbaspirillum sp. C8, Herbaspirillum sp. C9, and 
Azospirillum sp. C7 the found values were 4.7, 6.37, 4.64 and 
3.04 respectively [58]. Obtained a solubilization index of the 
bacteria Gluconacetobacter diazotrophicus PAL5, 
Burkholderia vietnaminenses AR1125, Burkholderia kuriensis 
AR2236, 2.61, 2.88, 2.30 respectively, also quantified the 
soluble Phosphorus In a liquid medium NBRIP, 239, 226, 206, 
mg of Phosphorus/l [59]. On the other hand, of a tomato crop 
(Solanum lycopersicum L) isolated Enterobacter sp. TVL1, 
Enterobacter sp. TVL2, Pseudomonas putida PSO14, the 
results obtained were 5.0, 4.26, 4.32 index of phosphate 
solubilization in NBRIP at a pH of 7.0 and 189.5, 192.5, 144 in 
the liquid medium mg of Phosphorus per liter [60]. Results 
from strains of the culture of Brassica campestris L. (NBRIP 
pH 7.0) were 2,333, 1.78, 2.83, 4.33, 1.11, 1.63 and 2.33 in 
Pseudonoma poae  CPBE37, CPBE42, CPBE43, Pseudonomas 
trivalis CPBE31, CBPE40, CPBE44 and Rhizobium 
radiobacter CPBE30 and in liquid medium NBRIP 301.3, 299, 
440.9, 247.9, 279.9, 282.1, and 326.4 respectively [61]. 
Quantify the soluble Phosphorus in ornamental plants the 
values were the following 259, 428, 252, 312 and 170 mg of 
Phosphorus/l, with Bacillus cereus B3 bacteria, Bacillus 
thioparans B53, Paenibacillus rhizospherae B89, 
Paenibacillus lautus B96 and Bacillus subtilis SR/B-16 [62].  

 

V. CONCLUSIONS  
Farmers since the beginning of the green revolution became 

addicted to the use of Phosphorus fertilizers. The demand for 
food continues to grow, the demand for phosphate fertilizers 

increases. The current and future implications refer to where 
Phosphorus is extracted from non-renewable sources. If we do 
not make a change in the way the Phosphorus source is used, 
crop yields will be affected in the future. This affects farmers 
and poor consumers in the first stay. In recent years, it has taken 
advantage of the use of microorganisms as an alternative to 
solubilize the Phosphorus that is fixed in the soil. The 
implementation of these alternatives also reduces the long-term 
use of chemical products in agriculture and the development of 
agronomic strategies that would preserve the environment. The 
success of these bacterial inoculants depends on the selection 
of efficient strains, type of native soil, ability to colonize the 
rhizosphere and maintain biological activity, culture, pH.  
 

In the studies presented, no bacteria have exceeded the 
performance of crops with chemical fertilization, however, 
work must continue to find microorganisms that act alone or 
together can equal or exceed these yields. 
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Abstract—Multi-wall carbon nanotubes (MWCNTs) with a 
typical diameter of 5-20 nm have been superficially functionalized 
using an acid hydroxylation reaction and decorated with metallic 
nanoparticles (Co and Fe) through a chemical deposition assisted with 
sonochemistry. TEM demonstrates the structural comparison between 
un-functionalized MWCNTs and the hydroxylated MWCNTs, and the 
dispersion of the metallic nanoparticles reinforcement. Raman spectra 
shows the typical peaks for graphene-based materials and a shift in 
them that indicates an intermolecular interaction between the matrix 
and the reinforcement of out nanocomposite. 

Keywords—Multi-wall carbon nanotubes; Nanocomposite; 
Metallic nanoparticles; Hydroxylation; Raman; TEM; 
Nanostructured additives. 

I. INTRODUCTION. 
 In recent years there has been a crescent interest in the use 
of alternate fuels in the generation of energy. Despite this fact, 
the use of fuels coming from oil will continue at least for the 
next 10 years. Regarding this problematic it is born the necessity 
to increase the performance of the fuels used nowadays and to 
compensate the deficiencies of the next generation biofuels. 
Some of the properties that are meant to be modified are the 
ignition temperature, emission of pollutants and the cetane 
content that propitiates a short ignition time, and the lower 
operation noise. [1] 

 Some of the limitations that had prevented the new 
generation fuels from positioning as some of the most used fuels 
in the energy generation industry are focused into two main 
problems. The first resides in the fact that there exists a top in 
the quantity of oil crude available in the world. The second is 
related with the emissions of pollutants that are released to the 
ambient and can be harmful to the population. A good example 
of these are the nitrogen oxides (NOX), carbon monoxide (CO) 
and polycyclic aromatic hydrocarbons. [2] 

 To reduce these pollutants emissions and increase the 
performance of fuels, it is necessary to seek ways to optimize 
the combustion reaction of the fuels used. [3] This optimization 
can be achieved through two main approaches, the addition of a 

new generation fuel such as ethanol, biodiesel, etc. to create a 
blend and the use of additives to enhance the combustion 
properties of the fuel. [4] 

 The present work is part of a program that aims to evaluate 
the use of nanostructures as additives for different fuels to 
enhance their combustion properties and to reduce the emissions 
they generate during their consumption. Here we discuss the 
synthesis and characterization of two nanocomposites with 
potential application as fuels additives. The composite matrix is 
carbon based in its multi-wall carbon nanotube (MWCNT) 
allotropic form. [5] The matrix is hydroxylated and doped with 
metallic nanoparticles (Iron and cobalt). [6] We illustrate the 
effects on the physical structure of the MWCNTs using TEM as 
well as the nanoparticulate distribution. [7] Raman spectroscopy 
was used to confirm the functionalization of the MWCNTs and 
to confirmed that the metallic species are present in the 
composite. [8] 

II. EXPERIMENTAL. 

A. Surface functionalization. 
Three grams of MWCNTs (Sigma-Aldrich) were dissolved 

into 150 ml of nitric acid (HNO3) at 68 vol%. This solution was 
then heated to 120°C for 5 hours and then cooled to room 
temperature. The product obtained was filtered and dried at 
60°C in a convection oven for 12 hours. 

B. Deposition of the metallic nanoparticles. 
The deposition  was achieved through a chemical reduction 

using as precursor salts of the metallic nanoparticles: iron sulfate 
heptahydrate (FeSO4∙7H2O - Sigma Aldrich) and cobalt acetate 
tetrahydrate (Co(CH3COO)2∙4H2O - Sigma Aldrich). The 
reduction agent used was sodium borohydride (NaBH4 - Sigma 
Aldrich). A 100-ppm dissolution of the correspondent precursor 
salt for each nanocomposite was stirred for 20 min. Immediately 
after we obtain the homogeneous dissolution, we incorporate 0.5 
g of hydroxylated carbon nanotubes (MWCN-OH) in the 
dissolution. Later it is removed from stirring and an ultrasonic 
homogenizer (Hielscher Up200Ht) is used to obtain a high 



 
 

 

dispersion of the functionalized carbon nanotubes. Afterwards 
we add 10 ml of a 0.01 M of NaBH4 dissolution to the salt-
MWCNT-OH solution and it is stirred for an hour without any 
source of light inciting in it. The resulting blend is taken out from 
stirring and dried in a convection oven at 60°C for 12 hours. 
When retired from the oven, a size reduction process is done 
with the resultant of a sheer powder. 

C. Characterization.  
A structure comparison between the synthesized 

nanocomposites and its untreated matrix has been carried out by 
transmission electron microscopy (TEM) using a JEOL JEM-
1010 (Tokyo, Japan), operating at a voltage of 200 kV. The 
Raman spectra were obtained using a LabRAM HR equipment 
(Horiba Scientific Kyoto, Japan), which used an NdYGA laser 
(λ=532 nm).  

III. RESULTS AND DISCUSSION. 
The effects on the MWCNTs structure due to the 

functionalization and the dispersion of the metallic nanoparticles 
has been studied by TEM. The resulting images selected for the 
analysis shown in figure 1 shows the characteristic structure of 
the carbon nanotubes with a central tube diameter of 5-30 nm. 
The images from the materials functionalized through the 
hydroxylation reaction, Fig. 1. (b), (c) and (d), indicate that the 

MWCNT structure is not disrupted and the multiple layers 
intact. In the images Fig.1 (c) and (d) shows clearly 
nanoparticles deposited on the functionalized carbon nanotubes 
with high dispersion and in low concentrations with a particle 
diameter of 10 -20 nm. 

The Raman spectroscopy’s results of the multi-wall carbon 
nanotubes, the hydroxylated MWCNTs and those doped with 
metallic nanoparticles are shown in Figure 2. The Raman spectra 
for all the samples are almost identical but at different 
intensities. The disorder peaks (D) displays at approximately 
1330 cm-1 Fig. 2 (A) and the graphite peaks (G) at approximately 
1580 cm-1. These two peaks are characteristic for of graphene-
based carbon material.  The next two peaks Fig. 2 (C) and (D) 
displayed at 2700 cm-1 and 2930 cm-1 correspond to the D’ and 
G’ peaks. The last peak fig.2 (E) only appears in the 
functionalized multi-wall carbon nanotube doped with iron 
(MWCNT-OH-Fe) spectra at 3220 cm-1. This peak could be 
interpreted as a vibration of the iron nanoparticles; however, the 
intensity is not high enough to reassure the presence of the 
nanoparticles and can be related to the low concentration 
dispersed in the matrix.  

A shift is presented in the disorder peaks and the graphite 
peaks of the MWCNT-OH-Fe and the MWCNT-OH-Co, this 
can be the result of a change in the interparticle interactions on 

 
Fig. 1. TEM images of MWCNTs (a), hydroxylated MWCNTs (b) and decorated with Co (c) and Fe (d)  MWCNTs-OH. 

 



 
 
 

 

the vibrational spectra in the material. This is another indicative 
of the presence of the metallic nanoparticles as this shift 
represents a modification of the chemical bond of the MWCNTs 
owed to an interaction with an external force exerted by the 
reinforcements of the synthesized nanocomposite. It is 
necessary to do a further characterization of the nanocomposites 
to determine more accurately the presence of the metallic 
nanoparticle reinforcement and the crystallin phase in which 
they are present in the material.  

IV. CONCLUSIONS. 
The TEM images demonstrate that the MWCNTs structure is 
not disrupted or damaged during the hydroxylation process, 
also it shows there is no surface deformation or contamination. 
It also illustrates the high dispersion of the metallic 
nanoparticulate, as well as its low concentration presence in 
the nanocomposite.  
The Raman spectra of the synthesized nanocomposites are a 
good indicative of the presence of the metallic reinforcements 
(Co and Fe) as it presents a shift in the representative peaks 
which indicates a modification in the bond length due to an 
interaction with an external force.  
It is necessary to make a complementary analysis of the 
nanocomposites to determine more of their chemical and 
physical properties. The suggested technics to clarify the 

composition and properties of the composites are: Infrared 
Spectroscopy (IR-spectroscopy) to confirm the hydroxylation 
of the MWCNTs and if it exists Van der Waals forces between 
the MWCNTs and the metallic nanoparticles, X-Ray 
diffraction (XRD) to confirm the presence of the metallic 
nanoparticles and the crystallin phase in which they are 
present, and X-ray photoelectron spectroscopy (XPS) to know 
the elemental composition of the nanomaterial synthesized.   
The synthesized nanocomposites are suitable for its 
application as fuel additives due to its oxygen content that will 
allow a better oxygenation of the fuel as well as the metallic 
nanoparticles reinforcement will enhance the combustion 
properties of the fuel. 
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Abstract— Our work evaluates the possibility of introducing 
polycarbonate / acrylonitrile butadiene styrene (PC / ABS) 
recycled and pelleted as a fine aggregate material in concrete 
mixtures, for its use and decrease in the environmental effects of 
water bodies and subsoil, generated by the inadequate final 
disposal of this, likewise decreasing the demand for raw 
materials. The 10, 20, 30 and 40% by volume of the fine 
aggregate was replaced by the pelletized polymer in the mixtures, 
performing three tests for each percentage of inclusion and three 
of unmodified concrete, 15 in total. The evaluation was carried 
out with laboratory tests, mechanical resistance tests. The 
measurements of the specimens were cylinders 10 cm in diameter 
and 20 cm in height. 

After testing the cylinders, the data of each tested cylinder 
was captured and the results of each group were compared with 
different percentage of PC / ABS as fine aggregate. 

All specimens containing PC / ABS had a lower strength than 
unmodified concrete, but the resistance increased as the 
percentage increased. Anomalous values were obtained in 30%, 
because the resistance decreased inexplicably, so it is 
recommended to perform the same type of tests but with a range 
between 20% and 40%.. 

Keywords— Aggregates, concrete, polymers, recycling. 

I. INTRODUCTION  
The protection of the environment and natural resources is 

one of the most outstanding concerns of contemporary society 
worldwide, so the recycling of materials arises as an option that 
involves benefits of ecological improvement in the reduction of 
the volume of waste and pollution, as in the conservation of 

natural resources [Méndez, 2013]. In India, research was 
conducted on the use of waste products in concrete, each waste 
product provided by a specific element on the properties of the 
concrete, which can also help reduce the problems of waste 
disposal [Siddique et al. 2008]. 

In 2011, the National Association of the Chemical Industry 
reported a national production of synthetic resins of 3.2 million 
tons and an apparent national consumption of 5.3 million tons. 
Likewise, the National Association of the Plastic Industry 
reports that in Mexico only 15% of the total is recycled 
[ANIPAQ, 2011]. Plastic as solid waste is a large part of the 
total waste that has become a global environmental concern 
[McCarthy, 1993; Al-Salem et al., 2009]. 

The small bags generate an environmental impact due, 
mainly, to factors such as their low density that causes a greater 
effect than the other materials, and their resistance to 
degradation that allows them to last for a long time in the final 
stage of their disposal, also by the presence of additives added 
to plastics from their synthesis to their transformation to 
improve and modify their properties [CIQA, 2013]. 

In Colombia, using recycled polyethylene terephthalate 
(PET) as a fine aggregate in a research, he concluded that it is 
possible to use recycled PET in mixtures of mixtures and 
mixtures that require resistance [Zúñiga, 2015]. 

In Iraq, they introduced plastic waste in different 
proportions into concrete mixtures for analysis and 
demonstration that reduce the spread of alternate microcracks, 
as well as ensuring the reuse of waste plastic as well as sand in 
concrete. a good approach to reduce the cost of materials and 
solve solids problems posed by plastics [Ismail, 2008]. 



 
 

 

Polycarbonate acrylonitrile butadiene styrene (PC-ABS) is 
one of the most widely used materials in the thermoplastics 
industry. This material offers most of the desirable properties 
of the materials of which it is composed (PC and ABS), the 
mechanical properties and the heat resistance. Very used in the 
automotive industry, electronics and telecommunications 
applications [UNDO Prototypes, 2015]. 

In Jordan, a study addressed the problem of waste 
generated in construction fields, such as demolished concrete, 
glass and plastic. To eliminate or eliminate this waste less, they 
proposed to reuse some of these waste materials to replace a 
percentage of the primary materials used in the concrete. 
Plastics, molds and glass were used to replace up to 20% of 
fine aggregates in concrete mixtures, while crushed concrete is 
used to replace up to 20% of coarse aggregates. They were 
evaluated and the main results revealed that the three types of 
waste materials could be successfully reused as partial 
substitutes of fine and coarse aggregates in concrete mixtures 
[Batayneh et al, 2006] 

Our study addresses a method of sustainable use of residual 
PC / ABS, which is its inclusion (pelletizing) in concrete 
mixtures as part of the fine aggregate to establish, by means of 
a compression of the concrete cylinders made with inclusion 
percentages of the new aggregate, if it is feasible to use it in 
concrete, contrasting the results with those of the unaltered 
concrete and if it is the case of a behavior similar or very 
similar to the unaltered concrete, obtain an inclusion 
percentage that can improve the performance, for such as 
reducing the accumulation of PC / ABS generated in Mexico 
and reducing the use and inclusion of new raw materials used 
in concrete mixtures. The evaluation was carried out by means 
of compression tests on the universal machine. 

II. THEORETICAL FRAMEWORK 
Given that the central focus of this research will be 

based on the use of Polycarbonate and Acrylonitrile Butadiene 
Styrene (PC / ABS) pelletizing as an alternative of fine 
aggregate in concrete mixtures, it is fundamental to 
understand the importance and importance of concrete as a 
construction material , as well as the impact that PC and ABS 
polymers have on our environment and the properties of these, 
which allow us to be suitable for construction. 

 
On the other hand, we must also address technical 

concepts which are broken down in the present work, 
likewise, it will be necessary to propose mechanical tests in 
the laboratory that serve as conceptual axes on which the 
research is based. 

 
The resistance to low and high temperatures, 

permeability, hermeticity, as well as the resistance, durability 
and versatility allow that the concrete is one of the most 
competent construction materials, besides its reasonable cost 
allows it to be the most used construction material and with 
more transcendence at the international level. 

 

Having said that, we must emphasize a property that 
has concrete, which we have not mentioned previously, but it 
is vital for our research, and it is the Workability, it is this 
property that allows us to add a series of different materials 
and / or additives to it and that the resulting mixture possesses 
the physical and mechanical properties that were sought when 
adding the additives. 

 
Our research focuses on the use of Acrylonitrile 

Butadiene Styrene (ABS) and Polycarbonate (PC) as additives 
to a mixture of concrete, both polymers have properties that 
will contribute to improve the performance and mechanical 
properties of concrete. 

 
Acrylonitrile butadiene styrene (ABS) is able to 

withstand high temperatures without losing physical, chemical 
and mechanical properties, has an excellent chemical 
resistance, which reduces the possibility of softening or 
deformation of it when mixed with some other chemical 
compound, the hardness surface and impact resistance, make 
ABS an excellent alternative for use in construction. 

 
Similarly, polycarbonate has properties that make it 

attractive for use in this industry, the PC is one of the 
polymers with better impact resistance, has a high resistance 
to thermal deformation extremely high blows, a high level of 
stability dimensional and is also resistant to moisture. 

 
To verify the performance and optimization of the 

properties of the new mixture, various compression load 
resistance tests were performed in a universal press. The use 
of these two materials in concrete is not only based on the 
possibility of improving the properties of this, but also on the 
environmental impact because the large volumes of both 
plastics become harmful to our environment. 

III. METHODOLOGY 

A. Test tube design 
The characterization of the materials and the adequate 

proportioning (Figure 1, A, B) of these for the concrete was 
carried out, which was designed with a compressive strength 
(f'c) of 250 kg / cm2, and a formulation was proposed. 
experimental, where PC / ABS was used from recycled and 
pelleted material of standardized size (Figure 1, C) so that it 
could be used as part of the fine aggregate in the concrete 
mixes. 

 
Figure 1. A) Characterization and B) Proportion of the aggregates. C) PC/ABS. 



 

 

 

B. Addition of the polymer 
Once the design of the mixture was done, the PC / ABS 

was dosed replacing the 10, 20, 30 and 40% of the fine 
aggregates as experimental formulations (Figure 2, A), and the 
mixture of each formulation was prepared to later use the 
mold cylinders and obtain our test specimens, weighed, 
measured and calculated their densities (Table 1), when the 
curing conditions were fulfilled (Figure 3, A) defined by the 
complementary technical norms of the construction 
regulations of the Federal District (NTC-RC-DF), the 
mechanical properties of resistance to compression were 
verified. 
  

 Densities of concrete mixtures 

  Test 
tube 

Volume 
 (m3) 

mass (Kg) density (m3/Kg) Average 
density 

0% 1 0,001570796 3,3 2100,85 2088,11 

2 0,001570796 3,28 2088,11 

3 0,001570796 3,26 2075,38 

10% 1 0,001570796 3,12 1986,25 2015,96 

2 0,001570796 3,27 2081,75 

3 0,001570796 3,11 1979,89 

20% 1 0,001570796 3,12 1986,25 2013,84 

2 0,001570796 3,22 2049,92 

3 0,001570796 3,15 2005,35 

30% 1 0,001570796 3,06 1948,06 2007,47 

2 0,001570796 3,3 2100,85 

3 0,001570796 3,1 1973,52 

40% 1 0,001570796 3,04 1935,32 1905,62 

2 0,001570796 2,98 1897,13 

3 0,001570796 2,96 1884,39 

 
Table 1. Densities of concrete mixtures. 

 

C. Models of test 

Five models of test specimens were made, four with the PC 
/ ABS as an aggregate and one without this as a standard 
sample, to contrast the results of one with the other. The 
measurements of our specimens (cylinders) are 10x20 cm each 
(Figure 2, B). 
 
Figure 2. A) Realization of the mixture B) Molds for the 
specimens. 

D. Assay of test tubes 

The universal machine (Figure 3, B) of the Geotechnical, 
Materials and Geomatics laboratory of the UAQ Faculty of 
Engineering was used to perform the compression tests on the 
specimens, with the results of the tests carried out (Figure 3, 
C), neoprene pads were used to avoid having to use pitch with 
sulfur in the cylinders. The conclusions, shown later, on the 
mechanical and physical behavior of the altered concrete, were 
compared with the results of the concrete used as a sample 
pattern. 

IV. RESULTS 
After performing the mechanical tests in the 

laboratory, the results obtained are shown below. For the 
mechanical tests of compressive strength, the cylinders were 
tested in the universal machine of the FI UAQ, as in Figure 
3.C, and the results of the tests are shown in load-deformation 
graphs [Graph 1 -10] comparisons between the behavior of the 
three cylinders with the same percentage of inclusion and 
another where a trend line was added which represents the 
"average behavior" of the specimens, this was done for each 
inclusion percentage. 

 
Graph 1 shows the behavior of simple concrete 

samples. The graph describes the behavior of each of the 
samples without PC / ABS, with a low hardening by plasticity, 
and little elastic, this condition of the specimens is more 
noticeable in graph 2. 
 

 
 
Graph 1. Behavior curves of the concrete without modification to 
compression, given by each specimen. 
 



 
 

 

 
 
Graph 2. Behavior curve of the concrete without modification to compression, 
given in general. 

 
 On the other hand, in graph 3, the stress-strain 

curves of the cylinders tested with 10% of the PC / ABS 
polymer are found, and there is an improvement in the 
plasticity of each of the cylinders tested. 

In addition, in graph 4, a trend curve is presented in 
which the values obtained in the test (load-deformation) were 
used and the considerable increase in plasticity is noted, which 
means that the concrete does not fail as suddenly as the 
concrete without polymer. 
 

 
 
Graph 3. Behavior curves of concrete with 10% PC / ABS at compression, for 
each specimen. 
 

 
 
Graph 4. Behavior curve of concrete with 10% PC / ABS at compression  in 
general. 
 

Afterwards, the graphs corresponding to a percentage 
of 20% PC / ABS in the fine aggregates for the concrete 
mixture, graphics 5 and 6 were preceded, however, contrary to 
what one might expect, an increase to plasticity; the plasticity 
is observed to decrease in all the cylinders (graph 5). On the 
other hand, the proportional line of the beginning increased 
significantly, which could mean an increase in the elasticity of 
the concrete, can be seen in figure 6 more in detail.

 
 
  Graph 5. Behavior curves of concrete with 20% PC / ABS at compression, 
for each specimen. 
 



 

 

 
 
  Graph 6. Behavior curve of concrete with 20% PC / ABS at compression in 
general. 
 

Tests were also carried out on concrete cylinders in 
which 30% of fine aggregates were replaced with PC / ABS 
polymer and the results were observed in graphs 7 and 8. 

In graph 7, you can find the load-deformation curves 
of each of the cylinders tested, where you can see that the 
elements have an increase in the elastic part, or that seems 
because at the beginning of the test the cylinders behave in a 
proportional in relation to its load with the deformation that 
occurs in them. 

In graph 8, a trend curve of all the results obtained is 
plotted and confirms what in figure 7 we concluded, the 
elasticity is benefited but the plasticity is still less than in 
graph 4, where 10% of the aggregate Fine is PC / ABS. 

 

 
 
 Graph 7. Concrete behavior curves with 30% PC / ABS at compression, for 
each specimen. 
  

 
  
 Graph 8. Concrete behavior curves with 30% PC / ABS at compression in 
general. 
 
 

Finally, the last test that was carried out was 
replacing 40% of sand with PC / ABS. The results of each of 
the tests are shown in graph 9. Something notorious about 
these last cylinders is that they do not have an abrupt failure, 
besides that in the individual load-deformation curves of the 
cylinders there is plasticity and a slight creep over all between 



 
 

 

2500 and 3000 kg load. In addition, figure 10 shows that the 
trend curve has a well-defined elastic zone, a zone of 
prolonged plasticity, but does not have extensive fluency; on 
the other hand, it indicates that the concrete behavior is 
affected by increasing its plastic properties but without 
affecting the elastic properties. 

 

 
 Graph 9. Concrete behavior curves with 40% PC / ABS at compression, for 
each specimen. 
 

 
 Graphs 9 and 10. Concrete behavior curves with 40% PC / ABS at 
compression  in general 
  

 
  
Graph 11. Concrete behavior curves with different inclusion percentages of 
PC / ABS compression, comparison in general. 
 

In Figure 11, each of the trend lines is compared with 
the different percentages of PC / ABS in substitution of the 
fine aggregates (0%, 10%, 20%, 30%, 40%) generated by the 
cylinder test. 10cm in diameter by 20cm in height. 

In this graph (graph 11), it is observed that the 
unmodified mixture is the one that supports the highest load, 
however the plasticity is short compared to its elasticity. 

Now, comparing the curve of the unmodified mixture 
with the curves of the modified mixtures, it is highlighted that 
the 40% PC / ABS curve (replacing sand) has a lower 
maximum load than the 0% PC / ABS mixture, without 
However, the plasticity of both is similar in terms of length, 
which indicates that despite a lower maximum load on the part 
of the 40% mixture, the plasticity is benefited significantly. 
 
 

 

 

 

 

 

 
Figure 3. A) Curing of specimens B) Universal machine C) Cylinder test. 

 

DISCUSSION  
The question that was sought to respond with the 

research, seeks to discover the feasibility of using a recycled 



 

 

PC / ABS pelletizer as a substitute for fine aggregate in a 
structural concrete mix. 

The strength of the concrete is reduced, with the 
intrusion of PC / ABS as added. Although as the substitution 
percentage of the fine aggregate increases, the resistance 
increases. 

In the study carried out in Colombia [Zúñiga, 2015], 
where the use of PET was considered as an addition to 
concrete, it was concluded that the use to be given to the 
concrete should be reviewed in specific cases, in the same way 
when finding that the resistance decreases it is necessary to 
evaluate the use that can be given to the concrete with PC / 
ABS. 

Similarly, in Jordan, part of the aggregates was 
substituted for the concrete, reaching up to 20% of the 
aggregate [Batayneh et al, 2006], where it was successfully 
concluded that partial replacement of aggregates by recycled 
plastic is possible, with the PC / ABS is concluded in the same 
way that its use as a fine aggregate in concrete is possible. 

Comparing the results of the sample pattern with the 
altered panel, speaking economically, are more expensive, 
since PC / ABS is a more expensive than traditional aggregates 
such as sand and gravel. 

Ecologically it is much more feasible than 
conventional methods, since the impact produced by the PC 
and by ABS is reduced. It is also allowed to wear out the 
environment by including aggregates extracted from material 
banks. 

It was found that with the increase of the substituted 
percentage it is proportional to the increase of the resistance, 
but in this case there is a probability that the data of the 
substitution of 30% of the fine aggregate, are anomalous data. 
This is because it is not consistent with the results of the tests 
on the other cylinders. For this reason it is recommended that 
another experiment be carried out where variations are made in 
the percentage of PC / ABS that goes from 20% to 40%, which 
are the intervals where the highest resistances were obtained. 

  
On the other hand, from 120 ° C onwards, the 

polymer used starts to melt, which is not very feasible if the 
design of the work takes into account that a fire could occur at 
some point. In order to know the behavior, it is recommended 
that in the future a study be carried out with which the 
structural behavior that would obtain the concrete with PC / 
ABS subjected to high temperatures is known. 

 

CONCLUSIONS  
From the testing of the specimens, consistent results 

were obtained, as the percentage of PC / ABS was increased as 
a substitute for fine aggregate, the resistance obtained 
increased. 

Although for future projects it is planned to make a 
larger number of samples or specimens by varying the 
inclusion percentages of the aggregate to obtain more results 

and thus make a more accurate comparison, the range of 
variation will be lower (between 20% and 40%) but will be 
made more tests, as well as doing a more in-depth statistical 
analysis to find an optimal PC / ABS inclusion percentage in 
the mix. 

Taking into account the ecological benefits of 
replacing, as part of the aggregate in concrete mixtures for 
structural use as proposed, the PC / ABS pelletized and 
ignoring the fact that pellets from 120 ° C begin to melt, This is 
a viable alternative, especially if considered from an ecological 
point of view. 

It will be necessary to carry out more experiments 
with a single percentage of substitution of aggregates, either 
20% or 40%, this to confirm the results obtained and continue 
comparing them with the normal concrete. 

It is also proposed that a variation of the expected 
strength of the concrete be made to determine if it is possible to 
obtain high strength concrete by including PC / ABS as a 
substitute for fine aggregates. 

 
In the end it was found that it is possible to use PC / 

ABS as a substitute for the fine aggregate of the concrete, but 
the tests were not enough to prove that it could be used 
structurally. 

At the moment it is known that it can be applied in 
applications that do not require high resistance, such as walls, 
floors, sidewalks or castles. 
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Abstract— A temporary characterization of environmental 
variables with the composition of microalgal community was 
studied in Presa Centenario, Tequisquiapan, Queretaro, Mexico. 
The purpose of this was to identify the occurrence of specific 
groups of microalgae, and their relationship to the concentration 
of nitrate and phosphate in the body of water. In order to 
determine this, the following biological variables were taken into 
account: the concentration of chlorophyll-a, the application of 
ecological indices such as relative abundance and 
autotrophy/heterotrophy index. The identification of microalgae 
was carried out with taxonomic keys. Physicochemical variables 
of the water body, nitrates, phosphates and silicates were analyzed 
by UV-VIS spectrophotometry. The in situ measurements that 
were taken are as followed: pH, dissolved oxygen, transparency, 
and water temperature. As for the meteorological variables that 
were taken into account: precipitation, wind speed, and 
environmental temperature. Over the course of one year 24 
samples were taken from six sampling points to cover different 
weather seasons. As a result of this project, the first inventory of 
freshwater microalgae identified by molecular markers for the 
State of Querétaro was generated. In addition, a distribution map 
of microalgal species according to the concentration of salts from 
water was created. 

Keywords— (microalgae, environmental variables, nutrient 
concentration, limnology) 

 

 

I. INTRODUCTION  
 
Bodies of water are both affected by natural causes, as well as, 
by human activities. This is due to a number of causes. Among 
them are the lack of environmental regulations for industrial 
and domestic wastes, inadequate solid waste disposal and waste 
management difficult in agriculture. These sources have 
contributed to the raise of pollutants in water, limiting human 
or biological consumption. Organic compounds and species of 
inorganic chemistry in bodies of water can indicate ecosystem 
deterioration. Ecological management in bodies of water is of 
utmost importance to governments and researchers because the 

results of these studies provide necessary measurements for 
management of aquifers, rivers and other bodies of water.  
These studies are also essential in order to reduce the risk of 
exposure to human populations, aquatic and terrestrial fauna 
and flora to toxic chemicals [1]. Some of the most common 
compounds found in industrial, agricultural, and domestic run 
off are nitrates and phosphorus.  
 
On a biological level these compounds affect the growth, 
structure, composition, distribution, and function of a great 
diversity of organisms, including microalgae [2,3]. By using 
microalgae as bioindicators or biomarkers it allows researcers 
to monitor the physical and chemical changes in bodies of water 
[4]  
Biomarkers Organizations dependent on environmental 
conditions, in consequence, any change in Environmental 
Conditions, you will see reflected in your presence, 
characteristics and distribution [5]. 
 
There several classes or types Biological Indicators, Sensors, 
batteries, operators and sentries. The detectors are developed in 
Specific areas, and their response to the variation in the average 
includes: changes vitality reproductive capacity, as occurs with 
epiphytic moss. The presence of algae is an indicator of 
eutrophication processes of water bodies [6]. 
 
That is why the aim of our work is to identify groups of 
microalgae and its relationship with the concentrations of 
phosphate (PO4

3-) and nitrates (NO3) in lentic water body. 
 
 

II. MATERIALS AND METHODS 

A. Study site 
In Figure 1 the Presa Centenario is located in the southern part 
of the county Tequisquiapan in Querétaro state. It is located at 
an altitude between 1880 m and 1900 m , at latitude 20° 39 'and 
longitude 99° 50'. The Presa Centenario, has a capacity of 10.15 
million m3, the water from this reservoir comes from the San 
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Juan River, passing through the urban area of Tequisquiapan 
emptying into the Centenario Reservoir. Afterwards the water 
flows into Paso de Tablas Reservoir and into the Moctezuma 
River, located in the state of Hidalgo [7]. 
 
 
 

 
 
Fig 1. Diagram of location of the sampling site, Presa Centenario in 
Tequisquiapan, Querétaro [8]. 
 

B. Measurements and analysis 
Sampling was carried out twice a month, with a total temporal 
sampling of 12 months in order to obtain variations in nutrient 
concentrations and speciation of microalgae due to seasonal or 
climatic variation. Field analysis and the collection of samples 
was performed according to the sampling proposed by 
CONAGUA and thus complemented by the continuity and 
water quality studies conducted in the Presa Centenario. 
 

 
Fig 2. Diagram of Presa Centenario and the selection on sample points [9]. 
 
 
The physicochemical variables with the respective regulations 
measured in Presa Centenario, were: pH (potentiometer field, 
NMX-AA-008-SCFI-2011), dissolved oxygen (Potentiometer 
with membrane selective electrode, NMX-AA-012-SCFI-
2001), temperature (Electrode potentiometer or thermometer, 
NMX-AA-007-SCFI-2013). 
 
The concentration of each nutrient, nitrates, phosphates, and 
silicates, in water samples collected were analyzed by 
colorimetry and spectrophotometry UV-Vis. 

 
For the collection of microalgae, a 35 µm phytoplankton mesh 
was implemented. In addition to identification by microscopy, 
several taxonomic keys listed below were used.  (Table 1.)  

 
 
To determine the seasonal distribution of microalgae, 
ecological indices were conducted measuring the diversity [10], 
and autotrophy/heterotrophy index [11]. In addition monthly 
reports published by CONAGUA of the meteorological 
measurements were used. After all the data was collected 
principal component analysis and Pearson model of linear 
correlation were used to evaluate statistically. Posteriorly, a 
microalgal distribution map by species, was created according 
to the concentration nutrient medium. 

 

III. RESULTS 

A. Results of measurements made  
We performed ten samples during one year contemplating 

the four climatic seasons of the year, the results are presented by 
weather seasons. All results are presented as the maximum value 
± standard desviation and minimum value ± standard desviation 
for each climatic season. 

Following show the results obtained for each in situ analysis 
in the Presa Centenario (Figure 3a.b.c.d.).   
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El Plancton de las aguas 

continentales 
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A manual of the freshwater 
algae in North Carolina, United 

States 

L A Whitford; G J 
Schumacher 1969 

North Carolina 
Agricultural 

Experiment Station. 

Identification of freshwater 
diatoms from live material Eileen Cox 1996 Chapman & 

Hall.London 
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Fig 3. Insitu values in water bodie by weather station 

 

The figure A, show us the pH behavior throughout the year 
in the water body. Spring: 9.07 ± 0.11 and 8.96 ± 0.19; Summer: 
9.08 ± 0.23 and 8.78 ± 0.03; Autumn: 9.33 ± 0.23 and 8.17 ± 
0.14; Winter: 8.37 ± 0.01 and 7.51 ± 0.04. Thus we can deduce 
that the contrasting climatic seasons for pH are spring-summer 
(higher pH values) vs. winter (lower pH values). The figure B, 

show us the water temperature Spring: 27.03 ± 6.42 and 25.30 ± 
3.00; Summer: 27.57 ± 1.17 and 25.07 ± 2.65; Autumn: 25.95 ± 
4.31 and 21.20 ± 1.70; Winter: 23.00 ± 0.10 and 14.70 ± 0.36. 
We can see that for the case of temperature contrasting seasons 
are summer (higher temperature values) vs winter (lower 
temperature values). The figure C, show us the percenteage of 
oxygen dissolve in the water body, Spring: 30.07 ± 10.34 and 
21.37 ± 3.19; Summer: 22.47 ± 4.25 and 11.40 ± 8.84; Autumn: 
33.12 ± 4.64 and 20.50 ± 0.28; Winter: 34.97 ± 0.64 and 19.27 
± 0.35. For the percentage (%) of dissolved oxygen, the 
contrasting seasons are winter (values of % dissolved oxygen 
higher) vs. summer (values of % dissolved oxygen lower). The 
figure D, show the dissolve xxygen behavior in the Presa 
Centenario, Spring: 1.80 ± 0.69 and 1.33 ± 0.15; Summer: 1.50 
± 0.40 and 0.67 ± 0.40; Fall: 2.34 ± 2.31 and 2.04 ± 2.18; Winter: 
5.50 ± 0.10 and 1.50 ± 0.10. For the dissolved oxygen 
concentration (mg/L), the contrasting seasons are winter (values 
of dissolved oxygen (mg / L) higher) vs. summer (lower 
dissolved oxygen values (mg / L). 

  

The results obtained from silica, phosphates and nitrate 
analyzes of the Presa Centenario are presented below, noting 
that these are theoretically the limiting nutrients for the 
establishment of microalgae communities in water bodies or 
ecosystems are present (figure 4.). 

 
Fig 4. Levels of silica in water bodie by weathr station 

In the part A, we show us the silica concentration, Spring: 
4.84 ± 0.16 and 3.66 ± 0.79; Summer: 5.01 ± 0.05 and 4.04 ± 
0.06; Autumn: 6.43 ± 0.50 and 5.76 ± 0.53; Winter: 4.12 ± 0.008 
and 1.43 ± 0.003. The contrasting seasons are autumn (higher 
values of silicates (mg/L)) vs. winter (lower values of silicates 
(mg /L)). The silicates were analyzed because some microalgae 
(diatoms specifically) depend on the presence of this in the 
medium to be established, so for all climatic seasons we will find 
diatoms in different proportion, according to the concentration 
presented. 



 
 
 

 

 
Fig 5. Levels of phosphate in water bodie by weathr station 

The figure B, show us the phosphate concentratio, Spring: 
2.83 ± 0.49 and 2.19 ± 1.20; Summer: 2.77 ± 0.05 and 2.37 ± 
0.09; Autumn: 2.82 ± 0.38 and 1.89 ± 0.78; Winter: 1.48 ± 0.002 
and 0.83 ± 0.001. For the phosphate concentration (mg / L), the 
contrasting seasons are spring-autumn (higher phosphate values 
(mg / L)) vs. winter (lower phosphate values (mg / L)). This 
nutrient is considered limiting for the establishment of 
microalgae, and the concentration presented in the body of water 
favors the establishment of some specific species or groups of 
microalgae, having as maximum limit bearable by microalgae 
10 mg / L. 

 
Fig 6. Levels of nitrate in water bodie by weather station 

 

In figure C, we show us the behavior of nitrate concentration 
in Presa Centenario, Spring: 0.65 ± 0.01 and 0.56 ± 0.15; 
Summer: 0.66 ± 0.01 and 0.65 ± 0.06; Autumn: 0.70 ± 0.01 and 
0.68 ± 0.01; Winter: 0.79 ± 0.002 and 0.71 ± 0.002. For the 
concentration of phosphates (mg/L), the contrasting seasons are 
winter (higher nitrate (mg/L) values) vs spring (lower nitrate 
values (mg/L). Despite being one of the limiting nutrients for the 
establishment and growth of microalgae, there is little difference 
in reported concentrations of nitrates (mg/L) in the centennial 

prey by climatic seasonality, microalgae tolerate up to 15 mg / 
L of nitrates in The medium, however this low concentration 
implies that some groups of microalgae, do not appear in the 
body of water. 

 

B. Identification of microalgae in the Presa Centenario, by 
taxonomic identification keys of algae species 

 
Five groups corresponding to Cyanophyta, Chlorophyta, 
Charophyta, Heterokontophyta and Cynobacteria were 
identified. Of these groups, Chlorophyta was the one that 
presented a greater number of families and species, being found 
eleven families and sixteen species; followed by the 
Cyanobacteria group with nine families and eight species. The 
other groups presented a smaller number of families and 
species. Thus for the Heterokontophyta divisions, eight families 
and eight species were recorded, four species were recorded for 
Charophyta and four species were identified, and finally the 
Cyanophyta group presented two families and two species. 
 
The Heterokonthophyta group are the most abundant for the 
season "Spring", while for the second station sampled 
"Summer", the most frequently encountered are the group 
Cyanophyta, for the autumn season the group that prevailed was 
Chlorophyta, as well as for the winter weather station. The 
cumulative percentages of distribution of microalgae groups for 
each climatic season (Figure 7). 
 

 
Fig 7. Microalgae class distribution bye weather station 

 
 
In spring were found 36 species distributed in the different 
edges, being this time the one of greater abundance of 
microalgae; For the summer season 22 species; For the autumn 
season 16 species; And finally the winter season where 15 
species of microalgae were found, being this the climatic season 
of smaller abundance of microalgae. 
 



 

 

 
In the determination of the seasonal distribution of algal groups 
by Autotrophs index: The following is the data obtained from 
the relationship between chlorophyll-a and ash-free dry weight, 
measured as an autotroph index, where values between 0 and 
200 also show poor water quality. Presented by means of colors 
in which the green color represents "Good quality" and are 
values less than 50, the yellow color "moderate quality" are 
values between 50 and 500 and the red color "poor quality" in 
the body of water are values Exceeding 500 (Figure 8.). 
 
 

 
Fig 8. Values of autrothophic index in Presa Centenario by weather station 

 
 

C. Correlation analysis between PO4
3- and NO3- 

concentrations with abundance and distribution of algal 
groups identified in the Presa Centenario 

 
We use the principal component analysis (PCA) for determine 
the physicochemicals variables that directly affect in the 
biological variables (microalgae), the variables that most 
influence are pH, phosphate, percentage and concentration of 
dissolve oxygen.  
 

 
 

Fig 9. PCA results  

 

IV. CONCLUSIONS 
 
Microalgae have the capacity to grow in different 
environments, We can conclude that the pH of the Presa 
Centenario is an import seasonality; pH influences the speed of 
growth, proportion or abundance of microalgae in the body of 
water, and the availability of important nutrients for microalgae 
in water; Depending on the species is the ideal pH range, 
however pH between 7 and 9, as presented in the Presa 
Centenario, is the optimal range [12]. 
 
The dissolve Oxygen in lentic water bodies comes mainly from 
the process of photosynthesis that depends on the amount of 
available light [13]. If the population of microalgae is high, the 
oxygen will decrease more rapidly, this can be seen in contrast 
in the time of lower oxygen with the one of greater oxygen in 
our study, comparing with the time of greater abundance of 
microalgae with the time of Lower abundance; The lowest 
concentration of oxygen was reported for summer and the 
highest amount of oxygen in winter, contrasting these data, the 
summer was the one that registered the second greatest 
abundance of microalgae in the Presa Centenario, while in 
winter it presents the lowest abundance Of these 
microorganisms. In addition, if optimal conditions exist for its 
establishment, its mass can be doubled, which generates greater 
demand for oxygen (decrease in water), and when its life cycle 
is over (death), these go to the bottom of the Water bodies, and 
decomposing bacteria will intervene in these reservoirs, 
demanding oxygen and depleting the resource in the rest of the 
water, and limiting the other organisms that live there [14]. 
 
Phosphorus intervenes in the vast majority of cellular energy 
transfer processes and nucleic acid synthesis (DNA and RNA), 
especially in the form of phosphate is important for enzymes, 
lipids, biochemical species and metabolic processes. The 
required quantity of phosphorus is lower than that of nitrogen, 
the intake of nutrients by the microalgae is influenced by the 
N:P and the availability of these in the medium, usually this 
ratio is 8:1, however the microalgae are adaptable to the 
environment and can take the nutrient that is found in the 
highest proportion [15, 16]. 
At high pH (between 8 and 9) favor the deposition of phosphate 
in the water body as soluble and available salt [17]. 
 
In the study, the climatic season that presented higher 
concentrations of phosphate was spring, and the time with 
lower concentration of phosphates was winter. Contrasting with 
pH, the spring season had a similar behavior among all the 
sampling points, presenting pH 9, and the winter season 
oscillated between 8 and 9.5 pH. 
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Abstract—The speed and loads that most high-speed trains can 
achieve today need soil structures that can support them, since the 
backwardness in railway systems has left a competitive gap with 
other forms of transport. In the same way that in the pavements 
the lower layers of the structural section are irreparable within a 
reasonable economic scheme. When there are serious deficiencies 
in these layers, there are no alternatives other than total 
rehabilitation, or face prohibitive conservation. One of the many 
alternatives to this problem are geosynthetics, which are products 
developed from industrial segments for the transformation of 
basic polymers which in turn have been transformed to be used to 
improve the behavior of soils; This research will use the inclusion 
of a recycled expanded polystyrene geotextile in the California 
Support Relationship Test (CBR) and simple compression tests. 
The results obtained show an increase in resistance of the order of 
15% in the CBR test, 32% in the Unconfined Compression test and 
a decrease in the amount of material used of 3.84% versus the 
unimproved material. 

Keywords— Subgrade, Railways, Geotechnical Properties, 
Geosynthetics, Polystyrene. 

I. INTRODUCTION  
The subgrade is the layer that forms part of the total seating 

structure of the railway lines, and its relevance is due to its 
capacity to absorb the stresses coming from upper layers and to 
defer them homogeneously to the foundation ground; The 
performance of railway tracks can be greatly affected by the 
geomechanical behavior of both the embankment and the 
ground. As it is a large geotechnical structure in a straight line, 
over most of its length, the geological conditions of the soil vary 
while the railways cross different areas along its path [1] [2]. On 
the other hand, the materials used to form the layers are usually 
obtained from nearby places, which also vary from one area to 
another [3]. Both embankments and floors used in railway 
construction are not only subject to the repeated and dynamic 
nature of train loads (which have been increasing in magnitude 
due to the requirement of cargo transport), but also to the 
fluctuations imposed by local climatic conditions [4] [5].  

Soil improvement techniques are applied for the inclusion of 
non-conventional materials in the construction of roads [6]; 
They are defined as the mechanical and artificial procedures by 
which it is intended to modify the existing properties of the soil 
and making them able to achieve the desired requirements, 
especially that the material that has the minimum requirements 
of strength, permeability and volumetric stability [7]. 

The benefits of using structures reinforced with 
geosynthetics have been previously documented [8] [9] [10] 
increasing soil strength and reducing settlements, thus achieving 
reductions in foundation size and / or depth of excavation where 
these will be placed; which translates into an economic impact 
reducing costs for materials and labor. In addition to this, it has 
been shown that reinforcement has an effective impact on the 
performance of seismic activity [11]. 

The dynamic responses of road structures induced by the 
loads of moving vehicles have aroused great interest in the field 
of geotechnical engineering and related to transport. Early 
damage caused by vehicle loads reduces road life and degrades 
travel comfort. The dynamic loads induced by the vehicle are 
mainly generated by the vibrations of the vehicle and the 
vehicle-pavement interactions and are supposed to increase the 
damage to the pavement by approximately 20-30% more than 
static loads [12] [13]. 

The current qualities of the materials used in the structural 
section of the Railways are not suitable for high-speed trains. 
The hauling and / or stabilization of material suitable for this 
type of sections generate setbacks and cost overruns so an 
improvement based on the inclusion of a geosynthetic is a viable 
option for this type of loads to improve the geomechanical 
behavior [14] [15]. This work is developed with the objective of 
achieving an improvement of the geomechanical properties of a 
subgrade layer, which are analyzed by the specifications that 
regulate the characteristics of the structural layer in railroads in 
Colombia. 



 
 
 

 

II. METODOLOGY 

A. Characterization of materials 
• Geomechanical Characterization 

 
The geotechnical characterization of the material consists of 

the evaluation of the index and mechanical properties of the 
material, made by the corresponding regulations of the 
American Society for Testing and Materials (ASTM), the 
current regulations of the Instituto Nacional de Vías Colombia 
(INVIAS) and the Secretaría de Comunicaciones y Transportes 
of México (SCT) that is listed below (Table 1).  

Table 1. Tests for characterization of soils. 

Source: Self-made. 

Test 
Normative 

A.S.T.M.  INVIAS S.C.T. 

Granulometry ASTM C 136 & ASTM 
C 117 INVE-123 M·MMP·1·02/03 

Liquid Limit ASTM D 4318 INVE-125 M·MMP·1·07/07 

Plastic Limit & 
Plastic Index ASTM D 4318 INVE-126 M·MMP·1·07/07 

Specific 
Gravity ASTM D 854 INVE-128 M·MMP·1·05/03 

Humidity ASTM D 4643 INVE-135 M·MMP·1·04/03 

Normal 
Compaction 

Test 
ASTM D 698 INVE-141 M·MMP·1·09/06 

CBR of 
Compacted 

Soils 
ASTM D 1557 INVE-148 M·MMP·1·11/16 

Unconfined 
Compression ASTM D 2166 INVE-152 - 

 

• Polymer Characterization 

To characterize the polymers to be used, it is possible to 
produce two types of waste: the first is generated during 
production, in the polymerization process, and the second, at the 
end of the product life cycle (tubes, bottles, toys, cards, among 
others). 

The handling of the waste can be done: 

• Recycling: elaborated in the same way as the 
virgin resin of these. 

• Incineration: incineration is an effective solution 
that does not need fuel or energy and can be used 
in heating or electricity production. 

• Sanitary landfills: landfills are another solution 
for the disposal of polymers, but it is not the most 
feasible and safe for the environment. 

In this case, the polymer used was Expanded Polystyrene 
because it can be used in a large number of applications; In 
particular, its light character, which allows it to be an excellent 
filling material, its low thermal conductivity, which makes it an 
adequate pavement insulation in cold climates, its 
compressibility, which facilitates its application in the 

protection of underground services , and finally, its vibration 
damping qualities that makes it a potential vibration damper. 

B. Geomechanical Tests 
• California Bearing Ratio (CBR) Test 

This test method is used to evaluate the potential strength of 
subgrade, subbase and base materials, including recycled 
materials, for use in road pavements and runways. The CBR 
value obtained in this test is an integral part of several flexible 
pavement design methods (ASTM D 1557). 

Three specimens were carried out for each of the types of 
geosynthetics used to obtain a decent correlation of the results 
and to ensure little dispersion of these; all tests were performed 
at maximum density using the compaction energy of the Proctor 
compaction test of modified energy, which is what will 
theoretically be in the field when laying and compacting said 
material at its optimum humidity. A compression press with a 
capacity of 5 tons was used automatically and the CBR was 
performed under conditions without saturating the sample. 

• Unconfined Compression 

The main objective of the unconfined compression test is to 
obtain, quickly, a value of the compressive strength of those 
soils that have sufficient cohesion to be tested in unconfined 
condition. Three specimens were carried out for each of the 
types of geosynthetics used to obtain a decent correlation of the 
results and to ensure little dispersion of these. 

III. RESULTS 

A. Geomechanical Properties 

The geomechanical properties of the soil analyzed are shown 
below: 

Table 2. Results of the soils characterization. 

Source: Self-made. 

Test Result 

Granulometry Low compressibility Clayey Silt  

Liquid Limit 30.67 % 

Plastic Limit / Plastic Index 22.71% / 7.96% 

Specific Gravity 2.74 

Humidity 1.493% 

Normal Compaction Test 14.91 kN/m3 @ 20.5% of moisture 

CBR of Compacted Soils 5.651% 

Unconfined Compression 31.192 kPa 

. 
Based on the tests carried out, it was determined that the 

material is a low compressibility clayey silt very commonly 
found in the department of Antioquia with a very low CBR 
contribution not suitable for the construction of structural layers 
of railways. 



 

 

• California Bearing Ratio (CBR). 

It was used discs of recycled polystyrene of 10 mm thick, 
that was placed among the layers of soil as is shown in Figure 1. 

 
Fig. 1. Arrangement diagram. 

Source: Self-made. 

Table 3 shows the penetration loads obtained in the CBR 
test and in figure 3 the graphics of the behavior of the 
penetration against the stress are shown:  

Table 3. Results of CBR tests. 

Source: Self-made. 

Penetration Unimproved 
soil. 

Polystyrene 
in first 
layer 

Polystyrene 
in second 

layer 

Polystyrene 
in the 

bottom 

mm MPa MPa MPa MPa 

0 0 0 0 0 

0.635 0.187 0.123 0.144 0.178 

1.27 0.343 0.178 0.258 0.288 

1.905 0.423 0.219 0.336 0.37 

2.54 0.471 0.235 0.393 0.455 

3.175 0.503 0.258 0.427 0.528 

3.81 0.532 0.279 0.45 0.585 

4.445 0.560 0.288 0.459 0.633 

5.08 0.585 0.292 0.455 0.676 

7.62 0.681 0.311 0.423 0.852 

10.16 0.786 0.327 0.427 0.992 

12.7 0.882 0.35 0.45 1.097 

 

 
Fig. 2. Comparative between CBRs. 

Source: Self-made. 

In the previous figure the comparison between the specimens 
with the inclusion of the geosynthetic and the virgin material 
(MO) is observed; A reduction in the CBR values of two of the 
specimens is noticeable due to the height at which the 
polystyrene layer was placed, since while it is approaching the 
bottom of the specimen, the material strength will increase due 
to the volume of material that it is found as it is possible to 
observe; it is not until the first inch that the polystyrene shows 
an improvement in the mechanical behavior of the specimen. 

• Unconfined Compression 

As in the previous test, it was used discs of recycled 
polystyrene of 10 mm thick, that was placed among the layers 
of soil as is shown in Figure 1. Table 4 shows the uncorrected 
penetration loads obtained in the unconfined compression test 
and in figure 4 the graphs of stress behavior versus unit 
deformation are shown: 

Table 4. Results of Unconfined Compression of 
Unimproved soil. 

Source: Self-made. 

Unimproved soil. 
Vertical 

deformation Load Unitary deformation Stress 

mm N - kPa 

0 0 0 0 

0.159 10 0.00156 5.338 

0.318 23 0.00311 12.259 

0.484 34 0.00474 18.092 
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0.643 43 0.00629 22.845 

0.81 50 0.00793 26.521 

0.976 55 0.00955 29.125 

1.142 59 0.01118 31.192 

1.316 60 0.01288 31.666 

1.482 58 0.01451 30.56 

1.663 54 0.01628 28.401 

1.852 50 0.01813 26.248 

 

Table 4. Results of Unconfined Compression of Soil with 
polystyrene in the bottom 

Source: Self-made. 
Soil with polystyrene in the bottom 

Vertical deformation Load Unitary deformation Stress 

mm N - kPa 
0 0 0 0 

0.174 3 0.0017 1.601 

0.347 5 0.0034 2.664 

0.513 8 0.00502 4.256 

0.68 11 0.00666 5.842 

0.864 14 0.00846 7.422 

1.012 17 0.00991 8.999 

1.179 19 0.01154 10.041 

1.345 22 0.01317 11.607 

1.504 25 0.01472 13.169 

1.67 29 0.01635 15.251 

1.844 32 0.01805 16.8 

2.003 35 0.01961 18.346 

2.176 38 0.0213 19.884 

2.343 42 0.02294 21.94 

2.509 45 0.02456 23.468 

2.675 49 0.02619 25.512 

2.849 52 0.02789 27.026 

3.015 56 0.02952 29.057 

3.181 59 0.03114 30.562 

3.348 63 0.03278 32.579 

3.514 66 0.0344 34.073 

3.673 70 0.03596 36.08 

3.839 73 0.03758 37.563 

3.998 76 0.03914 39.043 

4.165 79 0.04077 40.515 

4.324 80 0.04233 40.961 

4.483 81 0.04389 41.406 

4.649 79 0.04551 40.315 

4.762 77 0.04662 39.249 

 

 
Fig.3. Comparative between tests. 

Source: Self-made. 

In the previous figure the comparison between the specimens 
with the inclusion of the geosynthetic and the virgin material 
(MO) is observed; At the beginning of the test, a decrease in the 
compressive strength of the material is observed, as well as a 
greater unitary deformation of the specimen because it is 
obstructed completely by the geosynthetic. Eventually an 
increase in the compressive strength that exceeds the virgin 
material is achieved, showing the improvement that this material 
can give to soils. 

IV. CONSLUSIONS 
Although there is a slight decrease, at the beginning of the 

tests, in the characteristics of support and resistance to 
compression, these are reversed by improving the material in an 
order of 24% for CBR and 36% for simple compression; one of 
the important factors detected in the assays was the location of 
the polystyrene layer, since the deeper this was, the better was 
obtained, this because the polystyrene divided the material into 
two soil masses that did not interact each other, reducing the test 
support; therefore, placing it in the background of the assay was 
the best result obtained. The other factor is the size of the 
particles with which the sheets of expanded polystyrene are 
formed, since at a smaller diameter there is a greater deformation 
and a greater tendency to failure by rupture of the geosynthetic. 
Similarly, the amount of material used in the assays was reduced 
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by an order of 4%, obtaining a better performance with the 
inclusion of the geosynthetic. 

As for expanded polystyrene, it is a versatile material that 
can be used in many geotechnical engineering applications, 
particularly in the construction of road structures. This is 
possible due to the interesting mechanical properties of PE. Its 
light character, which allows it to be an excellent filling material, 
its low thermal conductivity, which makes it an adequate 
pavement insulation in cold climates, its compressibility, which 
facilitates its application in the protection of underground 
services, and finally, its qualities of vibration damping that 
makes it a potential vibration damper. 
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Abstract— The behavior of the soil depends on many factors 

and parameters. The critical state model is used as a reference to 
obtain several special cases and it has come to the deduction that 
is a presiso model and useful for soils, with some special features. 
One of the great disadvantages is that when analyzing a 
preconsolidated soil the model is no longer accurate and varies 
considerably. Therefore, this document focuses on the proposition 
of the adaptation of the critical state model for preconsolidated 
soils. 

Keywords—The critical state model; Preconsolidated soils; 
OCR 

I. INTRODUCTION  
The behavior of soils subjected to external loads or other 
phenomena can be simulated using constitutive models. A 
model can integrate and simulate the responses of a soil. The 
mechanical behavior of the geotechnical materials presents 
phenomena of creep, irrecoverable deformations and dilatancy 
induced by shear forces (Gens and D.M., 1988). 
 
These characteristics immediately suggest that the plasticity 
theory could be very suitable for describing the behavior of 
soils and rocks. 
These models are based on stress-deformation relationships that 
are normally established by elastoplastic theories. However, the 
constitutive models can be established considering the main 
phenomena that occur during the application of loads and are 
sufficiently precise for different engineering purposes. 
 

The constituent models that are used in geotechnics are 
mainly based on the hypothesis that is a continuous medium. 
Thus we start from the three constitutive equations of the 
mechanics of the continuous medium: 

x Equilibration of stresses 

x Compatibility of deformations 

x Constitutive relation that relates tensions and 
deformations. 

Based on the elastoplastic models, the mechanics of soils 
have been able to develop, and to respond to phenomena of 
creep, irrecoverable deformations and dilatance produced by 

cutting tensions, therefore it is proposed that the application of 
the theory of pasticity may be adequate, for The explanation of 
their behavior.  

With the criterion of Coulomb (1776), which is known as 
breaking criterion, which is tested in the analysis of land 
pressures on walls, which subsequently adapts to several 
problems in the breakage of soil and the pressures generated by 
it, However the delimitation of this criterion is that we cannot 
achieve the complete stress-strain state in the soil, because these 
methods are restricted to obtaining the tensional state at break.. 
The critical state models were developed at the University of 
Cambridge (Drucker 1957), which improves the prediction of 
soil behavior with a qualitative approach. 

The first model that was developed was the Cam-Clay, of 
which several authors will be based to make improvements or to 
change them for different special cases. 

The critical state model is used as a reference to obtain 
several parameters in soils, it is an accurate model, its 
disadvantage is that when working with preconsolidated soils 
the model varies a lot, and is not precise, which is why an 
improvement is proposed for This type of soil. 

his article presents the behavior of pre-consolidated non-
expansive soils 

In this research the non-expansive soils are studied, precisely 
a silty soil. These materials have certain particular 
characteristics. Through different triaxial assays the behavior of 
the soil can be obtained. Volumetric changes depending on the 
applied pressure. Compressibility is the property that determines 
the degree of consolidation due to the increase in pressure. 
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Gómez and Lloret (2015) showed that the triaxial test 
simulates the different soil conditions. With the results of the 
tests that will be carried out, the deformation and resistance of a 
pre-consolidated soil can be observed. 

The fundamental parameter of this research is the degree of 
soil preconsolidation (OCR). 

In this investigation, slow triaxial tests were performed. The 
triaxial test is one of the most reliable methods to determine the 
parameters of the shear strength. The consolidated drained tests 
are used essentially in granular soils (sands), however, it can be 
applied in fine soils. 

II. MODEL CLAM-CLAY 

A. Elastic state to plastic state in soils 
When the deformation of the material recovers completely 

after eliminating the applied load, it is said to have an elastic 
behavior.   

                                                 (1) 

 

K and G are the elastic behavior is divided into a size change 
without change of shape (volumetric behavior). 

Considering the linear isotropic elasticity (G = constant and 
K = constant) is a simple way of obtaining the tenso-
deformational behavior of soils subjected to loads. 

The classical theory of plasticity, its main foundation is the 
behavior in this case of a soil after a point of fluence, when a 
load is applied, which is obtained by consequent a decrease of 
the resistance as the deformation increases. 

This is called plastic softening. 

B.  Critical Status Line 
Critical line of state depends on the type of soil being 

studied, because it does not have the same behavior. In 
agreement with the model of Clam-Clay which is focused on 
clay is represented as follows. 

 
Fig.1 Elastic Change of State (Andrew Schofield) 

 
Fig.2 Upper Half of State Boundary Surface for Cam-clay 

(Andrew Schofield) 

The concept of critical state to represent the relationship 
between the relative density, or index of pores and the pressure 
of confinement. 

C. Plastic Compressibility and the  Tests 
If we have a simple laboratory with only a water supply, a 
drying oven, a balance and a simple indentation test equipment 
(such as the falling cone test widely used in Scandinavia), we 
can find a value of λ for a silty clay soil. We mix the soil with 
water and remould it into a soft paste: we continually remould 
the soil and as it dries in the air it becomes increasingly strong. 
There will be a surface tension in the water of the menisci in 
the wet soil surface that naturally compresses the effective soil 
structure as water evaporates. As long as the soil is continually 
being remoulded it must remain at the critical state (Andrew 
Schofield). 
 

D. The Unconfined Compression Strength 
. The critical state model is the natural basis for interpretation 

of the unconfined compression test. It is a simple test in which a 
cylindrical specimen of saturated clayey soil sustains no total 
radial stress  σr = 0, and the total axial stress  σ1 is rapidly 
increased until the specimen yields and fails. The unconfined 
compressive strength qu is defined to equal the ultimate total 
axial stress σ1. No attempt is made to measure pore-pressure, and 
no sheath is used to envelop the specimen, but the whole 
operation is so rapid relative to the. (Andrew Schofield). 

III. HVORSLEV AREA 
Hvorslev found a straight line, which is a good approximation 
for the rupture envelope for preconsolidated soils. Adapting a 
straight line as a surface of fluence on the supercritical side 
using numerical applications of the Cam-clay models, which is 
often called Hvorslev surface, if associated plasticity is 
adopted, the result is a high dilatancy. 
The flow surface itself moves according to changes in plastic 
volumetric deformation, but the surface of rupture 
(supercritical) is fixed. Therefore, softening is not predicted. 
The model implies associated plasticity. 



 

 

 
 
 
 
 
 
 
Fig.3 Comparison of the Hvorslev surface and the modified 
Cam-clay model as a surface of creep on the supercritical side 
for the Lower Cromer clay. 
 

IV. LIMIT SURFACE MODEL FOR PRECONSOLIDATED 
CLAYS 
The model of preconsolidated clays has a long history. The 
critical state model provides a broad framework for describing 
the stress-strain relationships of preconsolidated and normally 
consolidated soil and represents a starting point for developing 
constitutive models (Vukic, 2017). 
 
 

 
Fig.4 Concept of boundary surface and radial mapping. 
Hardening State Parameter (HASP) 
 
The Hardening State Parameter (HASP) overcomes many 
shortcomings of the modified Clam-clay model, while retaining 
its simplicity and the same set of parameters. 
The Hardening State Parameter (HASP) model takes into 
account the behavior of preconsolidated clays, based on the 
concept of boundary surface. 
 

V. EXPERIMENTATION TO BE CARRIED OUT 
Based on the existing critical state models it is intended to 

improve, in order to obtain a correlation of the parameters of the 
critical state model, it is intended to perform triaxial tests. 

A. Experimentation 
It is expected to perform 6 triaxial tests with the same 

deflector effort but different confining efforts. In addition to 
performing several consolidation tests. 

B.  Explanation of the experimentation to obtain parameters 
First make different test pieces using the same soil, which in 

this case will be a non-expansive soil. 

 
Fig.5 Representation of the soil test piece in the triaxial 

chamber where (σ1) diverting effort, confining effort(σ3). 

The confining effort is the one that represents the 
consolidation of the soil and is the one that will be varied. 

 

C. Equations 

 
Fig.8 It represents a circle in terms of effective pressures 

containing the point of failure.  

                                                        (2) 

                                                        (3) 

q = Mp                                                                               (4) 

Γ = v +λ ln p.                                                                     (5)  

The constants M, Γ, and λ represent basic soil-material 
properties, and the parameters q, v, and p are defined in due 
course. 

With these equations we can implement a relationship of soil 
behavior with different confinement efforts. 

 

D. Results 
With the accomplishment of these tests, to different efforts 

of confinement, we will obtain the behavior of the same soil, 
besides obtaining the volumetric changes, obtaining the 
different slopes and the different points of origin or critical state. 

 

 
 
 



 
 
 

 

 
 

 
Fig.9 Results of triaxial tests (stress-strain) with Figure 1 shows the 
deviating stress against the unit axial strain. 

En la figura 9 se observan las 3 curvas esfuerzo-deformación 
de los 4 ensayes triaxiales realizados con los diferentes valores 
de OCR, el cual es determinado por la presión de 
confinamiento, la historia de esfuerzos y otros factores. 
Después de que la tensión vertical aumenta y la presión de poro 
aumenta, la presión de los poros se reducirá lentamente, 
llegando eventualmente a cero. Este proceso causará una 
deformación plástica (disminución permanente del volumen del 
suelo). Este es un nuevo estado de estrés para el suelo. Se 
muestra en las curvas que se alcanza un máximo valor de 
esfuerzo, y posteriormente la resistencia disminuye muy poco 
y alcanzan un valor donde se mantiene constante, a esta 
resistencia última se le llama residual. 

Se percibe que cuanto mayor es el valor de OCR, menor 
esfuerzo se tendrá a la falladiferentes grados de OCR.  

 

 

 

 
Fig.10 Results of triaxial tests (volumetric deformation) with different 
degrees of OCR. 

Figure 10 shows the volumetric deformation against the axial 
deformation of the sample. As it is observed in this figure, as 
the OCR increases, the tendency of the soil to expand and the 
compression deformations are increased. 

It is observed that in the first tests carried out an initial 
compression of the volume takes place, and when continuing to 
load it, the dilatant plastic deformations increase (volumetric 
expansion). 

The volumetric change decreases, this is associated to the fact 
that a large part of the particle breakage is reached in the 
isotropic consolidation stage, therefore, when a deviating force 
is applied, the soil arrangement densifies and stabilizes rapidly. 
observe clearly that the maximum stress ratio decreases with 
increasing pressure. 

VI. CONCLUSIONS 
 

In this article the results of the triaxial assays made with silty 
material are presented. The graphs of the stress-strain behavior 
of the different triaxial tests with different OCR values were 
obtained, as shown in figure 9. Where it was observed that the 
resistance is reduced as the OCR increases. This result is due to 
the lower amount of air and water present in the soil sample, 
because these spaces have been occupied by solid particles, 
which are reorganized and introduced into the pores during the 
consolidation process. 
In addition, the graphs of the volumetric deformation were 
obtained in the triaxial tests with the proposed OCR values. 
Where it is observed that as the OCR increases, the tendency of 
the soil to expand increases, it is presented in figure 10. 
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A peak is observed in figure 9 (stress-strain) which corresponds 
to the contraction-dilation change of the curve (volumetric 
deformation) of figure 10. 
The pressure of confinement is an important factor, that by 
increasing enough cancels all dilatance, transforming to the 
most dense in contractive state. This change in the tendency of 
the volumetric deformation is due to the occurrence of an 
important breakage of particles, therefore, especially in dense 
states, the behavior at low pressures differs from that which 
develops at high pressures. 
The critical states become our base of reference. We combine 
the effective pressure and specific volume of soil in any state to 
plot a single point: when we are looking at a problem we begin 
by asking ourselves if the soil is looser than the critical 
states. In such states we call the soil ‘wet’, with the thought that 
during deformation the effective soil structure will give way 
and throw some pressure into the pore-water (the amount will 
depend on how far the initial state is from the critical state), this 
positive porepressure will cause water to bleed out of the soil, 
and in remoulding soil in that state our hands would get wet. In 
contrast, if the soil is denser than the critical states then we call 
the soil ‘dry’, with the thought that during deformation the 
effective soil structure will expand (this expansion may be 
resisted by negative pore-pressures) and the soil would tend to 
suck up water and dry our hands when we remoulded it. 
(Andrew Schofield). 
 

With the planned experimentation it is tried to find an 
improvement for preconsolidated soils in models of critical 
state, with that to raise a relation and adaptation of the model of 
the critical state. 

There are different constitutive models, which predict the 
behavior of soils, but each one focuses on specific phenomena. 

Some constitutive models that have been developed only 
apply under certain conditions and with certain types of soils. 
However, there are many problems where different states and 
different types of soils are required. 

The constitutive models that exist use parameters that were 
obtained by performing triaxial tests using expansive soils. 

Existing models applied to highly preconsolidated soils have 
important shortcomings. 

As mentioned above, we intend to make a constitutive model 
with non-expansive soil, in triaxial drained tests, with 
preconsolidated and normally consolidated soils. 

 

 

REFERENCES 
 

[1] Roscoe, K. H. and Schofield, A. N. Mechanical Behaviour of an Idealised 
Wet 

[2] Roscoe, K. H., Schofield, A. N. and Thurairajah, A. Yielding of Clays in 
States 

[3] Burland, J. B. Correspondence on ‘The Yielding and Dilation of Clay’, 
[4] Géotechnique 15, 211 – 214, 1965.K. Elissa, “Title of paper if known,” 

unpublished. 
[5] Bishop, A. W., Webb, D. L. and Lewin, P. I. Undisturbed Samples of 

London Clay from the Ashford Common Shaft: Strength Effective Stress 
Relationships, Géotechnique 15, 1 – 31, 1965.. 

[6] Casagrande, A. Characteristics of Cohesionless Soils affecting the 
Stability of Slopes and Earth Fills, J. Boston Soc. Civ. Eng., pp 257 – 276, 
1936. 

[7] Andrew Schofield and Peter Wroth, Critical Satate Soil Mechanics. 

  
 

 



 

 

16.6
%

2%

3.70%

1.20% 0.40%

All 
Renewable 

Hydropower Bio-Power

Wind Solar PV

Others

23.70
%

76.30
%

All Renewables

Fossil fuels and Nuclear

Generation of biogas from cattle excrement: A review 
 

Basilio Carrillo Valdés 
Facultad de ingeniería 

Universidad Autónoma de Querétaro 
Querétaro; México 

 abu.ca7@hotmail.com 

Mario Trejo Perea  
Facultad de ingeniería 

Universidad Autónoma de Querétaro 
Querétaro; México   

mtp@uaq.mx 

Jose Gabriel Ríos Moreno 
Facultad de ingeniería 

Universidad Autónoma de Querétaro 
Querétaro; México  

riosg@uaq.mx 

 

Abstract— Cattle, Biogas, Methane, RE. 

Around 20 years ago to date, the demand for products of animal 
origin has grown exponentially, especially in developing 
countries. In these countries, population growth is subject to the 
supply of food; especially those of animal origin. The activity 
of the livestock sector has a high impact on climate change due 
to GHG emissions; in particular those of methane (44%), 
carbon dioxide (27%), and nitrous oxide (29%). Cattle emits the 
highest, about 65 % of the livestock production emissions; 
indeed feed processing and production and enteric fermentation 
from ruminants are the two major sources of emissions, 
contributing to 45 % and 39 % of total emissions respectively. 

I. INTRODUCTION 
Assuming that all ruminant animal husbandry are farmed on 

grassland soils, the overall emissions from the ruminant 
livestock sector can be estimated at 56% of the total agricultural 
emissions [1]. Renewable energy sources have the ability to 
provide energy free of air pollutants and greenhouse gasses by 
emitting zero or nearly zero percent of these gasses [2]. 
Currently, renewable energy sources supply about 23.7% of the 
total world energy demand [3], which was 2% in 1998 including 
seven exajoules of modern biomass, and two exajoules of all 
other renewable sources [4]. Currently, some of the renewable 
energy technologies, hydropower, wind energy, solar energy, 
biomass energy, biofuels and geothermal energy are now 
mainstream and contributing. An increase in global temperature 
near or greater to 2 degrees Celsius could generate quite severe 
implications such as droughts, famines, extinction of species etc. 
The fact is that this level is being quickly approached [4]. In this 
investigation, it is proposed that a study of gas production from 
cattle excrement should be done with the objective of generating 
electric energy. As well as reduce the impact of the different 
gasses produced by cattle excrement. 

II. THE MODERN WORLD OF CLEAN ENERGIES 
Renewable energy sources have the potential to play an 

important role in the world's future. Renewable sources can be 
used to produce energy again and again i.e. solar energy, wind 
energy, geothermal energy, marine energy, biomass energy, 
biofuels, and many more [5]. Renewable energy sources have 
the ability to provide energy free of air pollutants and 

greenhouse gasses by emitting zero or nearly zero percent of 
these gasses [6]. 

 

 

 

 

 

 

 

 

 

 

 

 
 Fig. 1 Estimated Renewable Energy share of Global Energy [7]. 

Due to global climate change, developed countries have 
continued to reduce their use of fossil fuels and increase their 
use of renewable energy (RE). By 2012, as a result of the Kyoto 
Protocol, RE production reached an estimated 22.1% of global 
electricity production [9]. Total new investment in renewable 
power was at least US$249.4 billion in 2013 [8]. 

  
Fig. 2 Developed and developing countries investment in renewable 

energies [9]. 
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Renewable energy projects in developing countries should 
provide clean energy supply as well as support sustainable 
economic development [10]. Due to global climate change, 
developed countries have continued to reduce their use of fossil 
fuels and increase their use of renewable energy (RE)[11]. Since 
1990, RE generation worldwide has grown by an average of 
3.3% per annum: 2.3% among countries in the Organization for 
Economic Co-operation and Development and 4.5% among 
other countries [12]. The RE business has created an energy 
industry boom and has filled a gap in the electricity supply in 
emerging economies including developing countries in Asia, 
Africa, and South America [13]. 

III. A GLOBAL PROBLEM  
Today, while it is true that ERs have an important boom, 

research and the use of biogas derived from the fermentation of 
livestock manure has not received the attention it deserves; since 
this type of pollution is a significant part of GHG emissions 
worldwide and is also a powerful source of economic income. 
Anaerobic fermentation of structural carbohydrates in the rumen 
of bovines produces waste products such as volatile fatty acids, 
fermentation heat, carbon dioxide and methane gas. Methane is 
a greenhouse gas having several times the global warming 
potential of CO2.  

Globally, ruminant livestock produce ~80 million tons of 
CH4 annually, accounting for ~33% of anthropogenic emissions 
of CH4 (Beauchemin et al., 2009). Methane is an end product of 
rumen fermentation, formed autotrophically by methanogenic 
archaea from CO2 and H2 derived from fermentation of carbon 
sources, basically structural and storage carbohydrates in plants 
(Orskov et al., 1968; Kebreab et al., 2006). Typically, about 6-
10% of the total gross energy consumed by the dairy cow is 
converted to CH4 and released into the atmosphere via the 
breath (Eckard et al., 2010). Therefore, reducing the enteric CH4 
production could contribute to decrease overall greenhouse gas 
emissions on a worldwide scale and lead to production benefits 
for farmers [14]. 

To figure out the problem we have fig. 3 and fig. 4: 

 

 

 

 

 

 

 

 

 

 
Fig. 3 Comparison of Arctic sea ice concentrations on September 

12, 1992 (left) and September 12, 2012 [15]  

 
Fig. 4 Change of annual surface air temperatures (ºC) over the 50-year 
period, 1963- 2012. Plotted values are differences between initial and 
final points of linear regression trend line for each point.[16] 

 

IV. A  VIABLE ALTERNATIVE 
Agricultural biodigesters are seen as a viable means to 

reduce greenhouse gas (GHG) emissions while generating clean 
energy for on-farm and to sell to power companies. Through 
anaerobic digestion, biodigesters reduce organic compounds in 
waste material to methane (CH4) and carbon dioxide (CO2). 
The subsequent capture and combustion of CH4 can result in a 
reduction in GHG emissions compared to traditional waste 
management [17]. In storage, anaerobic digestion (AD) of 
degradable organic matter (OM) in the liquid manure occurs 
naturally, generating biogas, a mixture of methane (50–75% 
vol), carbon dioxide (25–50%) and trace amounts of other gases 
(< 1%) (Gomez, 2013) [18].  

In Canada, manure management accounted for 14% of 
agriculture’s GHG emissions in 2014 (Environment and Climate 
Change Canada, 2016)[18]. It is important to mention that the 
amount of biogas that a biodigester can generate from livestock 
manure depends on a number of factors such as the types of feed 
given to livestock, the temperature of the facility, among others. 
A specialized biodigester for the fermentation of livestock 
manure is made up of existing technology which we will only 
adapt for our use and with the specifications that we need; This 
is because the use of technology that is already on the market is 
much cheaper than the innovation and development of it. 
 
 
 
 
 
 
 
 



 

 

Table 1 shows the different findings of different researchers in reference to 
the area of Generation of biogas from cattle excrement: 

 

V. CONCLUSION 
It is important to mention that from the economic aspect, this 

is a viable project in the medium and long term. Also, that with 

the correct management of the parts, it is possible to develop 
farms with GHG emissions much lower than those produced at 
the present time. It is estimated that in Mexico in 2015 there 
were around 33.50 million heads of cattle which generated an 
approximate emission of 2.904 tons of methane this year. 
Adding 8.72 million heads of goats, 8.71 million heads of sheep 
and 16.36 million heads of pigs; a total of approximately 67.29 
million head of cattle in Mexico for that year; This means that 
methane emissions in 2015 exceeded 3 tons. It is true that it is 
an ambitious project, but it is well-founded given the data that 
supports that ecologically an alternative is needed for the 
excrement coming from the Cattle. 
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2009 Estimate of the electric 
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for different sources of 
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Countries like China, 
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development of biogas 
programs and projects. 

2018 Methane emissions from 
storage of digestate at a dairy 

manure biogás facility. 

Lia Maldanera, Claudia 
Wagner-Riddlea, Andrew 
C. VanderZaagb, Robert 

Gordonc, Christopher 
Duked 

Conventional manure 
storages are an 
important source of 
methane (CH4), a 
potent greenhouse gas. 

2001 Methane emission factors 
from cattle manure in 

México. 
 

E. González-Avalos, L.G. 
Ruiz-Suárez 

Methane is produced 
by anaerobic 
fermentation of animal 
manure. 

2014 Renewable energy production 
in Spain: A review 

Francisco G. Montoya, 
Maria J. Aguilera, 

Francisco Manzano-
Agugliaro 

The growing need for 
energy in western 
societies and, has 
posed a major 
challenge to the 
establishment of new 
energy policies. 
 

2014 Modeling methane emissions 
and methane inventories for 
cattle production systems in 

Mexico. 

Octavio A. Castelán-
Ortega, Juan Carlos Ku-
Vera, Julieta G. Estrada 

Flores 

Predicted total 
emission of methane 
produced by the 23.3 
million heads of cattle 
in Mexico is 
approximately 2.02 
Tg/yr. 

2018 On the role of efficient 
cogeneration for meeting 

Mexico's clean energy goals. 

Armando Llamas, Oliver 
Probst 

After the energy 
reform in Mexico, 
efficient cogeneration 
plants can generate 
and trade Clean 
Energy Certificates, to 
the extent a certain 
efficiency threshold is 
exceeded. 

2011 Fugitive methane emissions 
from an agricultural 

biodigester. 

Thomas K. Flesch, 
Raymond L. Desjardins, 

Devon Worth 

The GHG reduction 
associated with a 
biodigester will be 
affected by fugitive 
emissions from the 
facility. 

2015 Effects on the biogas and 
methane production of cattle 
manure treated with urease 

inhibitor. 

Frauke Hagenkamp-Korth, 
Susanne Ohl, Eberhard 

Hartung 

In Germany, a 
large part of the total 
stored cattle manure is 
utilized as a substrate 
in biogas plants. 

2016 Nitrous oxide and methane 
fluxes from cattle excrement 

on C3 pasture and C4-
dominated shortgrass steppe. 

Kristopher L. Nicholsa, 
Stephen J. Del Grossoa, 

Justin D. Dernerb, Ronald 
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Stewarta, Keith H. 
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cattle excrement: A review 
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Mario Trejo Perea, Jose 
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Abstract—In this paper we will talk about the removal of the 
total chromium in contaminated water, the methods and materials 
that we will be used for its development as well as the expected 
results about the adsorption capacity of the SBA-16 to remove the 
chromium in aqueous solutions. 

Keywords—mesoporous materials; SBA-16; synthesis; 
functionalize; chromium; adsorption 

I. INTRODUCTION 
One of the most severe problems that exists today, is the 

water pollution, as it is a resource that is used for various 
processes [1]. Therefore, there are different methods have been 
used for the removal of pollutants in water bodies, and one of 
them is to use the mesoporous materials that can perform this 
process [1, 2, 3, 4]. The functionalized mesoporous materials 
have become one of the most important research areas in the 
field of functional materials [5]. Said the above and knowing 
that there are various pollutants in aqueous solutions, there is a 
need to develop research for the removal of these pollutants such 
as: Chromium, Mercury, Arsenic, Lead, among others. 
According to the nomenclature of IUPAC (International Union 
of Pure and Applied Chemistry) mesoporous materials that have 
a diameter of 2 to 50 nm [6, 7].  The mesoporous silica of type 
SBA-16 has had good results as an adsorbent since it has pores 
intercommunicated in its body [1, 8]. 

II. OBJECTIVES 

A. General Objective 
Develop nanostructured matrices based on mesoporous 

silica SBA-16 functionalized with amino groups with high 
adsorption capacity, to decrease the concentration of total 
chromium dissolved in water. 

B. Particular objectives 
x Synthesize the mesoporous silica SBA-16 by the sol-

gel method. 

x Functionalize the mesoporous material with amino 
groups. 

x Analyze the textural, structural and thermal properties 
of mesoporous material SBA-16 functionalized with 
amino groups, for the removal of total chromium 
dissolved in water. 

x Determine the efficiency of the mesoporous materials 
of type SBA-16 functionalized with amino groups, for 
the removal of total chromium dissolved in water. 

x Establish a functional relationship between the 
textural, structural and thermal properties of the 
adsorbent materials with their efficiency in the 
adsorption of chromium. 

III. HYPOTHESIS 
Mesoporous matrices of type SBA-16 functionalized with 

amino groups have adequate textural and chemical properties for 
the adsorption of Cr and with it the concentration of this 
transition metal contained in contaminated water will be 
reduced, due to the formation of coordinated covalent bonds 
between this metal and the nitrogen atom of the amino group.  

IV. BACKGROUND 
 There are several researches on the removal of lead using 
mesoporous materials such as SBA-15 [9], in this paper they 
describe how they synthesized SBA-15 and functionalized it 
with amino groups. In this study they obtained that the hybrid 
silica material turned out to be an efficient absorbent for the 
removal of Pb (II) ions in aqueous solutions. 

 Also, Leila Dolatyari at al, used Shiff base functionalized 
SBA-15 mesoporous silica materials to removal of uranium (VI) 
ions from aqueous solutions. They obtained that their material 
are efficient and selective adsorbents for decontamination of 
water samples, plus, it has shown reasonable adsorption 
capacities with very fast adsorption kinetics [2].  

 Plus, in a study used SBA-16 to removal neutral, cationic, 
and anionic dyes from aqueous medium, they mentioned the 
synthesis of this material and they obtained the conclusion that 
their material have a very high surface area, average pore 
diameter, total pore volume, and higher active sites, which it 



 
 
 

 

means that SBA-16 has a high adsorption capacity in 
comparison to the other adsorbents [1]. 

 On the other, there are studies for the removal of arsenic, 
Sneh Lata and S. R. Samadder in its review mentions the 
elimination of As using various nano adsorbents such as: (1) 
Iron oxides/hydroxides nanoparticles, (2) Alumina 
nanoparticles, (3) Copper oxide nanoparticles, (4) Titanium 
dioxide nanoparticles, (5) Zinc oxide nanoparticles, (6) Mixed 
metal oxide (MMO’s) nanoparticles, (7) Carbon nano tubes), 
among others [10].     

V. METHODS AND MATERIALS 

A. Synthesis of the mesoporous material 
The synthesis method that will be used to generate the 

mesoporous silica is the sol-gel method described by Zhao 
(1998) [11] and Flodström (2003) [12]. It is necessary 8 grams 
of neutral surfactant are added as the director of the cubic 
structure, Pluronic F127 (Basf), wich is dissolved in 240 ml of a 
2M solution of hydrochloric acid and 60 ml of distilled water. 
This solution is placed in constant agitation at room temperature 
(28°-30° C) for one hour. Later it is matured for 48 hours at 80°C 
in a stove without agitation. The next step is to let cool and 
recover the solid by filtration. Then it is left to dry at room 
temperature and then it is left in the muffle at 110°C for 18 hours 
with a speed of 2°C per minute. Finally, it is calcined at 500°C 
for 6 hours at a rate of 1°C per minute. 

B. Functionalization of SBA-16 with amino groups. 
The post-synthesis method (ex-situ) will be used for the 

superficial functionalization of the previously synthesized SBA-
16 described by Nava at all [9].  The SBA-16 is dispersed in a 
solution of 3-aminopropyl triethoxysilane (APTES) (precursor 
of the NH2 functional groups) in ethanol. The amount of APTES 
will be calculated to obtain 0.3 moles of APTES for each mole 
of TEOS. The reaction will be carried out at room temperature 
ad in an inert N2 atmosphere for 60 minutes. Subsequently, 
deionized water will be added ad it will remain in agitation for 
45 minutes. The solid will be recovered by filtration and left to 
dry at room temperature and subsequently at 110°C for 18 hours. 

C. Caracterization of the material. 
The physicochemical characteristics of the adsorbents of SBA-
16 modified with amino groups before and after the adsorption 
of Cr will be investigated by elemental analysis, thermal 
analysis, isotherms of adsorption-desorption of N2a 77K 
(SBET), infrared spectroscopy with Fourier transform (FT-IR), 
diffuse reflectance spectroscopy in the DRS-UV-vis range, X-
ray photoelectric spectroscopy (XPS). Scanning electro 
microscopy (SEM) and transmission electron microscopy 
(TEM). 

VI. EXPECTED RESULTS 
        The adsorption capacity of SBA-16 functionalized with 
amino groups is high for the removal of total chromium in 
aqueous solutions.  
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Abstract 

Arbuscular mycorrhizae or endomycorrhizae are symbiotic 
mutualistic associations of various types that are established 
between certain fungi found in the soil and the roots of a certain 
plant. The importance of endomycorrhizas has increased in the 
last decade due to numerous reports of beneficial effects on 
plants, ranging from increases in the absorption of nutrients in 
the soil to the plant, its influence on water relations and 
protection against pathogens. Therefore, in the present study the 
nutraceutical quality of the strawberry fruit (Fragaria 
anannassa Duch) was evaluated, specifically, the content of 
total phenols and flavonoids by inoculation with the arbuscular 
mycorrhizal fungus (AMF), Rhizophagus intraradices. The 
results of the plants inoculated with R. intraradices indicate 
significant statistical differences, which represents a beneficial 
effect in the concentration flavonoids in comparison with the 
plants that were not inoculated. Therefore, the use of strains of 
R. intraradices is proposed as a biotechnological tool that can 
be used within horticultural production practices in 
greenhouses. 
Keywords: soil microbiology, mutualist symbiosis, 
fertirigation. 

I. INTRODUCTION (HEADING 1) 
In recent years, Mexico has increased in deaths associated 

with chronic degenerative diseases (INEGI, 2016), derived from 
this, foods such as fruits and vegetables have been taking 
relevance in the diet by consumers to be aware of the 
relationship that exists between good nutrition and disease 
prevention, in this situation, the strawberry turns out to be a very 
favorable fruit, due to its nutraceutical value, mainly; phenolic 
compounds, flavonoids and anthocyanins. These compounds, in 
addition to help to define the organoleptic characteristics and to 
preserve the nutritional quality of the fruit, can prevent or delay 
some types of cell damage by stabilizing the oxidations that 
occur due to its antioxidant capacity (Kuskoski et al., 2004; 

Tulipani et al., 2008), so it is important to note that the greater 
the antioxidant capacity that a food can provide, the greater the 
benefits it can bring to health. This antioxidant activity is related 
to the reduction and prevention of certain chronic diseases 
(diabetes, hypertension and obesity) and degenerative diseases 
such as cancer (Basu et al., 2010). This nutraceutical value 
associated with the strawberry can be improved and used to 
generate an added value to the berries, which would positively 
impact the strawberry production chain at a national level 
because the strawberry is one of the most productive berries and 
export in Mexico. Due to the biotechnological potential of the 
AMF to improve agricultural practices, we proceeded to test the 
use of these in the strawberry crop under greenhouse conditions, 
since this is a crop of economic and social relevance at regional 
and national level, it is necessary to apply biotechnological 
strategies to solve some problems faced by their production, 
among which stand out, environmental pollution and the high 
cost of production due to the indiscriminate use of 
agrochemicals. The objective of this work was to determine the 
effect of AMF on agronomic variables and quality 
characteristics of strawberry fruits. Plants of Fragaria x 
annanassa Duch were used of the foreign variety Albion, which 
was inoculated with a single species of AMF (R. Intraradices), 
with the purpose of evaluating its effect on the nutraceutical 
value (flavonoids and total phenols) of strawberry fruits. The 
inoculation with R. Intraradices promoted statistical superiority 
in the two variables evaluated with respect to the control. The 
results showed that the concentration of nutraceutical 
compounds (total phenols and flavonoids) is more competitive 
in relation to the plants that were not inoculated. It should be 
noted that the amount of work is minimal, in which the effect of 
the AMF on the internal quality characteristics of strawberry 
fruits is studied, which can be exploited as an added value. 

 



 
 
 

 

II. MATERIALS AND METHODS 

A. Experimental site, substrate and biological material 
The experiment was conducted in a greenhouse inside the 

campus facilities of the Universidad Autónoma de Queretaro 
located in the town of Amazcala, in the municipality of El 
Marqués in the state of Querétaro. This place is located at a 
height of 1920 meters above sea level in the GPS coordinates of 
longitude (dec): -100.265833 and latitude (dec): 20.703333. It 
has a mostly temperate-semi-dry climate and an average annual 
temperature of 21 ° C. This greenhouse is designed under the 
scheme of a "sierra type" structure, has overhead ventilation and 
the coating material is made of long-lasting polyethylene with 
10% shade. The plant was installed in the greenhouse with its 
respective pot, for which a substrate with a mixture of coconut 
powder (Cocos nucifera) and peat moss in a 5:3 ratios was used. 
The design of the plantation was in a cultivation system that 
consists of vertical tubular steel structures of ¾ "in which the 
PVC tubes were supported where the pots were placed with the 
crop, each of the structures has a height 2.24 m and are separated 
from each other at a distance of 1.05 m from base to base. Each 
of the structures had three levels, the first level, positioned at 
0.70 m from ground level, the second at 1.40 m and the third at 
2.1 m. In each level, a line of PVC tubes of five inches in 
diameter positioned parallel to each other with a line length of 
10.35 m was placed in each level, in each line a total of 47 holes 
of four inches in diameter were made and in each one of them 
was placed a pot of the following dimensions: five inches in top 
diameter, four inches in bottom diameter and four inches in 
height. 

• Fragaria X Ananassa Duch, Variety Albion. 
This variety of this plant was purchased with a producer from 
the municipality of Amealco de Bonfil, Querétaro and moved to 
the Amazcala campus. At the time of the beginning of the 
experiment, the plant had 3 months of life. 
 

• Rhizophagus Intraradices. 
The inocula of Rhizophagus Intraradices used in this project 
were obtained from a collaboration with the experimental field 
of the Bajío of INIFAP. The donation of the comercial inoculum 
“Micorriza INIFAP𝑀𝑅” with a concentration of 60 spores per 
gram of inoculum. 
 

B. Treatments and their aplication 
The following treatments were established: control and 0.5 

g Rhizophagus Intraradices per plant. The experimental design 
used was randomized blocks with three repetitions. The 
experimental unit consisted of 41 plants. The inoculum was 
applied once the plant installed in the greenhouse. We proceeded 
to make four perforations in the substrate of each pot, each 
perforation was two centimeters in diameter and five 
centimeters in depth approximately. In each of the perforations 
the mycorrhizal inoculum was sprinkled, and each perforation 
was covered with the same substrate and the cultural work was 
continued in a normal manner. For nutrition, the 30% Steiner 
solution was used, which was supplied to each plant by means 

of a drip irrigation system with self-compensating drippers with 
a flow rate of four liters per hour and using one dropper for every 
two plants. To cover the demand of 0.6 liters of irrigation per 
plant, a total of nine irrigations of two minutes each were 
scheduled per day during each hour, beginning with the first 
irrigation at eight in the morning and ending at four in the 
afternoon during a period of four months until the cut of fruit. 

 

C. Variables 
The concentration of nutraceutical compounds (total flavonoids) 
was evaluated in the stage five based on the ripening stage 
emitted by SAGARPA. 
 

 
Fig 1. Maturation status of strawberry fruits. Image taken from 

NMX-FF-062-SCFI-2002 (SAGARPA, 2012) 
 

D. Total flavonoids 
The quantification of the flavonoids present in the strawberry 
extract was carried out by the method of Liu et al. (2002). For 
this quantification, an aliquot of the methanolic or aqueous 
phenolic extract (50 μl) equivalent to 0.0125 g of the extract of 
the pod was taken. To this sample, as well as to the points of the 
standard routine curve (0, 0.02, 0.05, 0.1, 0.25 and 0.5 mg / ml) 
were added 180 μl of distilled water or methanol and 20 μl of 2-
aminoethyldiphenyl borate solution to the 1%, prepared with 
methanol, routine and distilled water for each extract. 
Subsequently, the absorbance at 404 nm was measured with a 
spectrophotometer (Thermo, Multiskan Ascent). The results 
obtained were expressed as mg routine equivalents / g of extract. 
 

E. Statistic analysis 
The statistical analysis was performed through an analysis of 
variance, with the ANOVA procedure with the Excel office 
2016 software 

III. RESULTS AND DISCUSSION 
Statistical analysis indicated that inoculation with R. 

intraradices significantly increased the concentration of 
flavonoids compared to the control where the highest 
concentration value of this phenolic compound was found in 
plants inoculated with this microorganism, since the averages of 
each treatment was 2.78 mg routine equivalents / g of extract for 
the inoculated plants and 1.78 mg routine equivalents / g of 
extract for the control giving an F value of 5693.49 and 
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obtaining a critical value of F at 95 % reliability of 7.70, which 
shows a statistically significant difference between both 
treatments. In other studies, it has also been reported that the 
inoculation of AMF increases the concentration of nutraceutical 
compounds (phenols, flavonoids, anthocyanins, carotenoids, 
among others) compared with non-inoculated plants.   

IV. CONCLUSIONS 
The inoculation of mycorrhizal fungi R. intraradices 

(Micorriza INIFAP𝑀𝑅) to strawberry plants, under a system of 
fertigation and in greenhouse conditions favored the increase of 
the concentration of flavonoids in fruit, which therefore 
increases the nutraceutical value of the strawberry in ripening 
stage five compared to non-inoculated plants.  
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Abstract—Primary vegetation production is an important process 
for human beings, in vegetation we found one of the main sources of 
materials and food, also it is related to the carbon dioxide cycle and 
implicitly with global warming so its monitoring has become one of 
the main tasks for remote sensing research, although we have 
developed better remote sensors and techniques for estimating missing 
values in data from satellite images we face to the problem of 
increasing amount of data day by day and with these the increase of 
processing time of all of this information, using a parallel algorithm 
for estimating missing information we can make a better interpretation 
of the data and have a better understanding of hydrological 
phenomena like interception, water balance and global warming 
reducing the time spent processing data . 

Keywords— Hydroinformatics, NDVI, Remote sensing, Gapfill, 
Rstudio 

I. INTRODUCTION 
Remote sensing has had a great development in the last 15 

years driven by the need to understand how human activities 
affect the ecosystems over the world (Turner,2005). 

On this discipline the energy from the earth’s surface is 
measured through remote sensors installed om satellites, the 
amount of energy reflected by the surface is measured and 
registered as numerical value which is assigned to every pixel 
forming what we better known as satellite images like the one 
presented on Fig. 1 (Opriescu and Dumitrescu, 2005). 

 
Fig. 1- Example of a Satellite Image. 

MODIS or Moderate Resolution Imaging Spectroradiometer 
is an instrument on the Terra and AQUA satellites that acquires 
information from the earth’s surface with 2330 km wide in 36 
spectral bands and three different spatial resolutions 250, 500 
and 1000 meters per pixel. 

Primary vegetation production is very important for human 
being because it’s one of the main sources of materials and food 
in addition multiple researches has proven that human activities 
like deforestation, urbanization and pollution Fig. 2 are related 
to vegetation quality and the way it changes, for these and other 
reasons monitoring vegetation distribution and quality has 
become a priority (Ipcc,1995).  

 
Fig. 2- Land change example detected by satellite images over 

Bolivia. 

In this context the usage of remote sensing has become an 
efficient and affordable way in which we can perform 
measurements and keep a constant monitoring of large areas of 
the earth surface, on the other way we can reach conflict areas 
that under conventional circumstances would be dangerous 
(Wulder,1998). 

The information obtained through remote sensing will 
provide us a better perspective of the behavior of the 
aforementioned phenomena over the earth’s surface and in the 
future, we will be able to elaborate complex models to represents 
processes such as climate change (Unninayar and Olsen, 2008). 

Thanks to the research made on this field, we have tools for 
the characterization of the vegetal cover using parameters 
obtained from remote sensed information such as the NDVI or 



 
 
 

 

normalized vegetation index which allows us to characterize the 
quality and development of primary vegetation (1). 

 

𝑁𝐷𝑉𝐼 = 𝐼𝑅−𝑅
𝐼𝑅+𝑅

                               (1) 

Where: 

IR - infrared band  

R – red band 

According to the NDVI value measured by the remote sensor 
we can judge if vegetation over the surface is healthy or 
unhealthy, values between 0.1-0.3 are measured from unhealthy 
vegetation, 0.3-0.66 are registered from moderately healthy 
vegetation while values of 0.66-1 are for healthy vegetation. 

One of the main problems we face when we work with 
remote sensing data is the missing values on satellite images, 
when we have crossing bands over the image as the one 
presented on Fig. 3, we can say it means there’s a problem with 
the calibration of the remote sensor on the satellite. 

 
Fig. 3- Satellite Image with banded missing pixel values.  

A second reason that explains missing values could be the 
presence of clouds which is a very common problem not to say 
the most common Fig. 4, in this case the remote sensor measures 
NDVI values affected due to the clouds modifying the value 
reflected by the surface. 

 
Fig. 4- Satellite Image with pixel values affected by clouds.  

In recent years lots of algorithms have been developed for 
the estimation of missing values in satellite images and also for 
processing databases using physical methods, regressions or a 

combination of both (Verrelst et al., 2015) 

All of these methods mentioned before find their limitation 
when it comes to processing large databases, which is why 
methods such as segmentation processing in parts the whole 
database are used. 

Among the wide variety of algorithms used for the 
estimation of missing values on satellite images this research 
will focus on the one named Gapfill using RStuido due to the 
processing advantages and wide variety of geostatistical tools it 
offers being the most important the possibility to run the 
algorithm in parallel making more efficient the estimation of 
missing pixel values of NDVI. 

II. MATERIALS AND METHODS 
The algorithm Gapfill is based on a 4 dimensions array 

composed by latitude, longitude, time interval and year of the 
measurement, all of these are used to estimate de missing values 
as time series with a correction made with an interpolation 
method stopping when one of the following two criteria is 
reached: 

• The max number of iterations is reached 

• The resulting value is NAN 

 The estimation of values with the algorithm is based on the 
selection of a subset of data around the missing value, making 
the estimation of each missing value independently depending 
of the surrounding values, an interpolation method better known 
as nearest neighbor. 

The main input for the algorithm is the matrix of NDVI 
values obtained from processing the corresponding bands 
mentioned on (1), as we mentioned before the potential of the 
Gapfill algorithm lies on the possibility to be executed in parallel 
which means using each core of the computer at the same time, 
a second reason why we choose gapfill is the possibility to be 
executed using other interpolation methods selected by the user. 

As we mentioned before in order to be able to process this 
data on RStudio we need to have a four dimensions array Fig.5, 
for this case we had latitude and longitude, the corresponding 
day and year of measurement. 

 

Fig. 5- four dimensions array of values for day 345 of 2006. 

Long/Lat 69.1 69.12 69.14 69.16 69.18 69.2 69.22 69.24 69.26 69.28 69.3 69.32 69.34 69.36 69.38 69.4 69.42 69.44 69.46 69.5 69.5
-153.032 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.417 0.4185 NA NA NA NA

-153.012 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.4562 0.4654 NA NA NA NA

-152.992 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.4146 NA 0.4591 NA NA NA

-152.973 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.4448 0.4331 0.4411 NA NA NA

-152.953 NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.4458 0.4475 0.4587 0.4402 NA NA NA

-152.933 NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.4616 0.4549 0.4591 NA NA NA NA

-152.913 NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.4665 0.4482 0.4078 0.4695 NA 0.4491 0.4247

-152.893 NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.4563 0.4391 0.3904 NA 0.4453 0.4334 0.4092

-152.873 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.4505 0.4334 0.4092

-152.853 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.4615 0.4191 0.4138

-152.833 NA NA NA NA 0.4813 NA NA NA NA NA NA NA NA NA NA NA NA NA 0.456 0.3872 0.4047

-152.813 NA NA NA NA 0.4813 NA NA NA NA NA NA NA NA NA NA NA NA NA 0.4853 0.4567 0.382

-152.793 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.5026 0.4401 NA

-152.774 NA 0.4922 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.5002 0.486 NA

-152.754 0.4798 0.4996 NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.4055 0.3961 0.5072 0.486 NA

-152.734 0.488 NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.4661 NA NA 0.4724 NA NA

-152.714 0.4958 0.5109 NA NA NA NA NA NA NA NA NA NA NA NA NA 0.436 NA NA 0.4551 NA NA

-152.694 0.4807 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

-152.674 0.4547 0.4837 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

-152.654 0.465 0.45 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

-152.634 0.4829 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Day 145 del 2006



 

 

For the last matrix we can see the missing values as a NA 
values which means there was no measurements, column 1 
corresponds to the first dimension of longitude, row1 for the 
latitude dimension and the las two where the day which was 345 
and the year 2006. 

For this research it was used a database obtained from NDVI 
images downloaded from the MODIS website, it was composed 
by images of four days, may 24, June 09, June 24 and July 11 
with a resolution of 21x21 pixels for the years which means we 
had 442 daily values for the years 2004, 2005, 2006 and 2007 
which means that our database had 7056 values and after a first 
inspection we found that we had 1643 missing values. 

As we mentioned before in order to be able to process this 
data on RStudio we need to have a 4 dimensions array, for this 
case we had latitude and longitude, time interval and the 
corresponding year of measurement. 

III. RESULTS 
After we prepare our data and deploy it on Rstudio we got 

dispersion graphs as the one shown on Fig.6 where we can have 
a first look of the data, each point is a measured value and we 
can see each break between one day and another one, in this case 
is shown the data for the four days of 2005, on the y axis we 
have the value of NDVI reached meanwhile on the x axis we 
have their respective n index. 

 
Fig. 6- NDVI data plot for the year 2005.  

This graph was selected because we can see clearly which 
the year with less measurements and the same to identify the day 
with less density of points, in addition we are able to see the 
points out of the line of tendency and identify these extreme 
values. 

If we had a graph for a whole year of measurements we could 
see the characteristic behavior of the parameter with an 
increasing tendency all over the year which is a behavior already 
studied by other research. 

 The graph presented before helped us to identify extreme 
values and see if we need another filter for these values, in this 
case these values were caused because the remote sensor was 
measuring the NDVI value from a river whose values of 

reflectance rounds between 0.01 and 0.1 whose color 
corresponds to the blue tones on Fig. 7. 

 
Fig. 7- NDVI Image where green pixels are vegetation 

meassurements and the blue ones are the pixels that corresponds to 
the river.  

After loading the database and once we extract pixel to 
simulating the presence of clouds, we were able to plot each 
matrix as we can see on Fig.8 where each column corresponds 
to a different year, each row for a different day and the pixels 
inside are the measurements of NDVI. 

 

 
Fig. 8- NDVI database array. 

 
We can appreciate that missing values appears as black 

pixels, the ones that corresponds to the river are on blue and the 
rest of the data are NDVI from the vegetation found on the 
surface. 

Now that we have finished our first inspection we have 
loaded the data we have to proceed to estimate the missing 
values, we apply the algorithm under the scheme of a function 
shown in Fig 9. 

 
Fig. 9- Scheme of the algorithm Gapfill. 



 
 
 

 

This algorithm makes the estimation of missing pixel values 
in two steps, on the first one it select the missing pixel value an 
make an interpolation by the nearest method with the neighbors 
around this pixel, when we declare the conditions for the 
algorithm we can select how many pixels around the algorithm 
is going to take into account, for this research we use five pixel 
on every direction, forming a 11x11 matrix to interpolate, this 
would be an easy task if leave things like that so the second step 
is to go back to the other measurements and select the ones for 
the same location, row and column in order to build a time series 
of NDVI values for that position and make an adjustment 
according to the values measured before and after that day. 

After having run the algorithm for the database the same 
kind of array will be returned by RStudio but this time with the 
estimates missing values already substituted Fig. 10 we can 
observe the data matrix shown in previous figures but this time 
with the results after executing the algorithm and interpolating 
the missing NDVI values. 

 
Fig. 8- NDVI database array. 

 
The results of the algorithm were validated through a cross 

validation, removing from the matrix of known values, certain 
samples replacing the values of pixels by NA to estimate them 
in another run of the algorithm, estimating the absolute error that 
was obtained in the estimation of values in the center of the 
image we have from 80-94% accuracy and but we move away 
to the corners the precision on our estimations falls until 23%, 
when the number of data is less than 50% on the corners, 
absolute error can reach 77%. 

Once we have identified the accuracy from the algorithm, we 
continue to test the processing times before and after being 
implemented in parallel, for this test the algorithm was run fifty 
times under the same conditions and for the same situation in 
order to get a controlled environment for the same case of study. 

The computer used for this test was a desktop with 16 Gb of 
RAMM at 2400 GHz with a Intel Core i7-6700 HQ CPU at 2.6 

GHz with an NVIDIA GeForce GTX 1060, executing the 
algorithm as predetermined we got a processing time of. 

IV. DISCUSSION AND CONCLUSIONS 
Ten simulations where made to review the consistency of the 

algorithm extracting known values reassigning NA values for 
them, once we estimate this missing but known values we found 
that the accuracy of the algorithm round 80-90% but it depends 
on how many pixels are missing because as we said before it 
may fall until 23% of accuracy at the corner under specific 
situations, this fall is generated by nature of the algorithm 
procedure, having a just a little pixel values near the estimation 
location and also missing historical values the algorithm can’t 
make a accurate estimation. 

Another thing we can mention is the advantage we got with 
the possibility to run the algorithm using the entire potential 
from our computer dividing the process between each of the 
cores available no matter if they are from the CPU or GPU. 

It is necessary to consider that the algorithm starts from the 
assumption of a spatial-temporal relationship between the 
variables in order to apply the method and obtain good results.  

Being a method, based on interpolation, we cannot estimate 
extreme values that have not been recorded within the 
measurements, that is, the estimated values will have as limits 
the minimum and maximum values that have been recorded by 
the sensor.  

As an interpolation method, the nearest neighbor was 
maintained by default, but each user could select or enter his 
own routine according to experience to obtain better results in 
terms of accuracy that could improve it in border values due to 
edge effects.  

Talking about processing times the algorithm was run forty 
times were made for each method until there was little variation 
between the processing times, making the processing more 
efficient, reducing the execution times from 0.1815 seconds to 
0.0048 second for each estimated value reducing processing 
time in 70%. 

The estimated NDVI values will allow us to have a better 
understanding of the processes on the earth's surface with the 
possibility of making a better estimate of evapotranspiration as 
part of the water balance due to the urgency of the situation to 
make better designs that adapt to the present conditions that 
occur in the atmosphere that affect the intensity and duration of 
the rains as well as the periods in which they occurred, in the 
same way we will have a better understanding of the relationship 
between the quality of the vegetation and the time of year in 
which we find ourselves as well as its relationship with the 
concentration of CO2 in the atmosphere. 

Finally, as a recommendation to obtain an improvement in 
the results should be considered the run of the algorithm with 
larger databases that will allow us to have longer time series for 
the estimation of the missing values, although those that are 
close to the date will give us a better approximation if we do not 



 

 

have recent information, the historical ones will allow us better 
approximations. 
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Abstract— Modern electric power supply and delivery systems 
consist of a complex grid of multiple electrical components 
including power generation supply, transmission, voltage control, 
and power delivery with multiple points of supply and use. Many 
businesses suffer economic losses when electric power 
interruptions occur or even when there are voltage or current 
abnormalities present in the power delivery. This paper explores 
the power quality sensitivity of the power quality disturbances in 
the robot Nachi and examines a methodology as a tool based on 
machine learning and design of experiments in which measure the 
impact of a poor power quality in the industrial robot and how can 
be characterized when connecting and disconnecting electrical 
loads.  

Keywords—Power quality; classification; machine learning; 
power quality disturbances. 

I. INTRODUCTION 
The estimate of robots installed in companies worldwide is 

around 294,000 only for 2016. China has significantly expanded 
its leading position as the biggest market with a share of 30% of 
the total supply in 2016. Between 2011 and 2016, the average 
annual growth rate was 15%. The automotive industry is still the 
major customer of industrial robots with a share of 35% of the 
total supply in 2016. The electrical/electronics industry has been 
catching up, specially in 2015 and 2016, reaching a share of 31% 
of the total supply in 2016, sales to the metal and machinery 
industry slightly decreased by 3% to 28,700 units, the food and 
beverage industry also increased robot orders in 2016 by 20% to 
almost 8,200 units, accounting for a share of 3% of the total 
supply. Mexico has become an important emerging market for 
industrial robots. Robot sales further increased to about 5,900 
units in 2016, eighth worldwide. With a forecast for 2018 of 
2.323 million worldwide in stock of industrial robots [1], These 
data give us a global panorama to carry out the research and 
maintain the growth of this industry in our country. 

In Mexico, numerous works are carried out in the area of 
retrofitting research with the aim of reducing the technological 
gap we have with respect to other growing countries. In the 90s, 

this line of research aimed at older robots began to adapt to new 
technologies [2], the mechanical parts of the robot are reused, 
only those that are in good condition, together with the 
electronic and electromechanical components. In this work we 
will analyze the Nachi robot, which at the end of its life cycle 
was discarded and recovered by the Autonomous University of 
Querétaro, is currently located in the Mechatronics laboratory. 

The demand for electricity is growing and the problems arise 
with computers, microprocessors, fluorescent light ballasts, 
sensitive medical imaging equipment, variable speed drives, 
computer directed design and manufacturing, critical 
communications equipment, nuisance trips on circuit breakers, 
overheating of equipment, etc. [4]. 

These electric charges are considered sources of power 
quality disturbances (PQD) [3]. The large number of inductive 
loads connected in the different industries demand a good 
capacity of the power systems to provide signals without 
distortion of voltage, current and frequency, to this capacity of 
the electrical network is called power quality (PQ) [4]. 

The signals with distortions of voltage and current can 
damage the electrical equipment, these distortions occur 
frequently in the electrical supply network, therefore, it is 
necessary to increase the generation of energy and improve the 
use of the systems that consume high amounts of energy. power 
[5], [6], ensuring that the PQ disturbances are minimized. 

In accordance with the recommendations of the IEEE Std 
1159 [7] some of the different electromagnetic phenomena that 
affect the quality of energy are transient (impulsive and 
oscillatory), short duration variations (interruption, sag and 
swell) and steady state variations (harmonics, notch and flicker), 
see “Fig. 1”, commonly caused by the switching of large 
electrical loads such as motors, transformers and capacitor banks 
or faults in the network, these are the most important due to their 
significant negative impact on the equipment. 

 



 
 
 

 

 
Fig. 1. Normal sinusoidal signal, sag, swell interruption, harmonics, transient. 

The importance of being able to correctly classify the 
electromagnetic phenomena is that once the PQ events can be 
identified in an electrical system, a solution can be given that is 
more in line with the problem in the energy consumption. 

The extraction of electromagnetic phenomena is also known 
as perturbation detection, this extraction is used to classify the 
PQ events, therefore, the appropriate selection of PQ events 
characteristics is crucial for a good classification [4], [8], among 
the most commonly used methods are the Fourier transform 
method, the S transform method, the Hilbert Huang transform 
method and the Wavelet transform method [8]. SVM (support 
vector machine) are introduced for the classification of the PQ 
events. SVM has the robust ability to classify PQ events 
considering the theory of statistical learning and the principle of 
minimum structural risk [13], [15]. 

The proposed methodology is 1) the data of the Nachi robot 
motors are obtained with the PW3198-90 analyzer 2) the 
statistical tool of main components is implemented to quantify 
the impact on the robot motors, 3) the factors that impact on the 
energy consumption of the robot motors are defined, 4) Simulate 
different loads to define the characteristics of a poor power 
quality and the method is applied of the Wavelet transform with 
support vector machine to sorting the  PQ events, , 5) the design 
of experiments is applied to identify the conditions in the that 
the robot can have a better performance, 6) the improvement is 
checked again applying the tool of main components. 

II. THEORECAL BACKGROUND  

A. Characteristics of voltage variations. 
 

The “TABLE I” shows how voltage variations are classified 
according to function and magnitude [9]. 

TABLE I. CATEGORIES AND TYPICAL CHARACTERISTICS OF 
VOLTAGE VARIATIONS [7], [9], [10]. 

Category Typical 
duration 

 Typical 
voltage 
magnitude 

Short duration variations    

Instantaneous Sag 0.5-30 
cycles 

 0.1 – 0.9 pu 

Swell 0.5-30 
cycles 

 1.1 – 1.8 pu 

Momentary Interruption 0.5 cycles-3s  < 0.1 pu 

Sag 30 cycles -3s  0.1 – 0.9 pu 

Swell 30 cycles -3s  1.1 – 1.4 pu 

Temporary Interruption 3s – 1min  < 0.1 pu 

 3s – 1min  0.1 – 0.9 pu 

 3s – 1min  1.1 – 1.2 pu 

Long duration variations    

Interruptions sustained > 1 min  0.0 pu 

Low tensions > 1 min  0.8 – 0.9 pu 

Overvoltage > 1 min  1.1 – 1.2 pu 

a. per unit 

B. Mathematical models of power quality disturbances. 
The “TABLE II” shows the equations that describe the signals 

of the electromagnetic phenomena these equations will be used 
for the methodology that is being proposed. 

TABLE II. EQUATIONS FOR THE TYPES OF POWER QUALITY 
EVENTS [9], [11], [13]. 

PQD Expression 

Normal 𝜇(𝑡) = 𝑠𝑖𝑛𝜔𝜃𝑡 

Swells 𝜇(𝑡) = {1 + 𝛼[𝑢(𝑡 − 𝑡1) − 𝜇(𝑡 − 𝑡2)]}𝑠𝑖𝑛𝜔𝜃𝑡 

Sag 𝜇(𝑡) = {1 − 𝛼[𝑢(𝑡 − 𝑡1) − 𝜇(𝑡 − 𝑡2)]}𝑠𝑖𝑛𝜔𝜃𝑡 

Interruptions 𝜇(𝑡) = {1 − 𝛼[𝑢(𝑡 − 𝑡1) − 𝜇(𝑡 − 𝑡2)]}𝑠𝑖𝑛𝜔𝜃𝑡 

Harmonics 𝜇(𝑡) = {1 − [𝑢(𝑡 − 𝑡1) − 𝜇(𝑡 − 𝑡2)]}𝑠𝑖𝑛𝜔𝜃𝑡 

Pulse 𝜇(𝑡) = 𝑠𝑖𝑛𝜔𝜃𝑡 + 𝛼3𝑠𝑖𝑛𝜔𝜃𝑡 + 𝛼5𝑠𝑖𝑛𝜔𝜃𝑡 + 𝛼7𝑠𝑖𝑛𝜔𝜃𝑡 

Oscillation 𝜇(𝑡) = 𝑠𝑖𝑛𝜔𝜃𝑡 + 𝛼𝑒−𝑐(𝑡−𝑡1)[𝜇(𝑡 − 𝑡1)

− 𝜇(𝑡 − 𝑡2)]𝑠𝑖𝑛𝛽𝜔𝜃𝑡 

Flicker 
𝜇(𝑡) = [1 + 𝑚 ∑

1
𝑖

𝑠𝑖𝑛(2𝜋𝑖𝑓1𝑡)
3

𝑖=1

] 𝑠𝑖𝑛𝜔𝜃𝑡 

 

C. Wavelet transform (WT) 
In the literature, the signal processing techniques are 

available for analyzing PQ disturbance, the most important of 
those are Fourier transform (FT), short-time Fourier transform 
(STFT) and wavelet transform (WT) for useful feature 
extraction from signals [18].  

Comparative study of PQ events detection techniques to 
detect PQ disturbances and the comparison of main PQ 
disturbance analysis methods is detailed in “TABLE III” [8]. 
Discrete wavelet transforms represent the computational 
efficiency of mayor power quality disturbance detection 
technique provide local representation in both time and 
frequency. These features make the WT well suited for the 



 

 

analysis of the power system transients caused by various 
disturbances [18]. 

TABLE III. COMPUTATIONAL EFFICIENCE OF PQ DETECTION 
TECHNIQUES [8]. 

No. PQ 
disturbance 

Percentage efficiency of PQ detection techniques. 

Hilbert 
Huang 
transform 

S-
transform 

Discrete 
wavelet 
transform 

Fast 
Fourier 
transform 

1 Sag 100 100 98.67 95 

2 Swell 100 100 99.33 98 

3 Harmonic 95 100 99.33 100 

4 Flicker 100 100 98.67 89 

5 Notch 100 83 97.33 - 

6 Spike 95 77 - - 

7 Transient 98 100 98.67 100 

8 Sag+ 
harmonic 

98 100 98.18 - 

9 Swell+ 
harmonic 

89 100 98.18 - 

10 Sag+ 
transient 

- - 96.36 - 

11 Swell+ 
transient 

- - 98.18 - 

 

Due to its ability to extract time and frequency information 
of signal simultaneously. WT can be continuous or discrete. 
Discrete WT (DWT) can be viewed as a subset of Continuous 
WT (CWT). In practical applications, the DWT is commonly 
used. DWT uses the low-pass h(k) and the high-pass g(k) filters 
to divide the frequency-band of the input signal f(k) in 
respective low- and high-frequency components into octave 
bands.  

The low-pass filter h(k) is determined from the scaling 
function. The high-pass filter g(k) is determined from both the 
wavelet and scaling functions. The wavelet and scaling 
functions are, respectively, given as: 

𝜓(𝑘) = √2 ∑ 𝑛 𝑔(𝑛)𝜙(2𝑘 − 𝑛),  (1) 

𝜙(𝑘) = √2 ∑ 𝑛 ℎ(𝑛)𝜙(2𝑘 − 𝑛),  (2) 

Where n is integers and represent the number of samples. 
On the left-hand side of see “Fig. 2”, the frequency band levels 
and frequency divisions of levels are shown for a signal which 
has 10 kHz sampling rate.  

On the right-hand side Fig. 2”, the typical PQ phenomena 
are listed. It can be seen that the harmonic features appear at 
levels 5–6 because of having the bandwidth between 100 Hz 
and 250 Hz of dominant harmonics which are 2nd, 3rd, 4th and 
5th. Oscillation frequency of a transient is typically between 
300 and 1000 Hz. Therefore, transient features are viewed at 
levels 3–4. High-frequency transient features sight upper levels 

so high-frequency transients fall within a bandwidth between 2 
kHz and 3 kHz [19], [22]. 

 
Fig. 2. Frequency division of DWT filters for 10 kHz sampling rate [27]. 

D. Support vector machine (SVM) 
SVM algorithm was proposed by Vladimir N Vapnik. It is 

a kind of supervised learning classification [8], where the model 
is built based on the training data to predict the given test data. 
SVM provides a hyperplane to distinguish between various 
class of data. SVM can be used to classify two classed data 
(binary classification) or can also be used to classify multi-class 
data [11]. In [15] SVM is the powerful tool for identification 
and classification of voltage signals, images as well as music 
signals.   

The basic idea of SVM is maximizing the boundary 
hyperplane (maximal margin hyperplane) [16], SVM can 
classify the data that has more than two classes, for example to 
specify polynomials of any fixed order d, one can use the 
following functions for the inner product in the corresponding 
feature space:  

𝐾(𝑥, 𝑥𝑖) = ((𝑥 ∙ 𝑥𝑖) + 1)𝑑
   (3) 

Radial basis function machines with decision functions of 
the form 

𝑓(𝑥) = 𝑠𝑖𝑔𝑛 (∑ 𝑦𝑖𝛼𝑖𝑒𝑥𝑝 {|𝑥−𝑥𝑖|2

𝜎2 }𝑛
𝑖=1 )  (4) 

Can be implemented by using a function of the type 

Level 1 

Level 2 

Level 3 

Level 4 

Level 5 

Level 6 

Level 7 

Level 8 

Approx. 
Level 

Nyquist frequency for 10 
kHz sampling rate 

High-frequency transient 
characteristics 

Harmonic characteristics 

Transient characteristics 

Main Frequency 

5 kHz 

2.5 kHz 

1.25 kHz 

625 Hz 

312.5 Hz 

38.06 Hz 

19.03 Hz 

156.25 Hz 

78.12 Hz 

0 Hz 



 
 
 

 

𝐾(𝑥, 𝑥𝑖) = 𝑒𝑥𝑝 {− |𝑥−𝑥𝑖|2

𝜎2 }  (5) 

In this case the SVM will find both the centers xi and the 
corresponding weights αi. The SVM possesses some useful 
properties. The optimization problem for constructing an SVM 
has a unique solution [17]. 

 

E. Principal Components Analysis (PCA) 
PCA uses mathematical principles to transforms correlated 

variables into a smaller number of variables. The principal 
component analysis uses to describe variation in a set of 
correlated variables. PCA has several advantages are such as 
lack of redundancy, reduced complexity, small database and 
reduction of noise. The disadvantages are difficult to be 
evaluated of the covariance matrix and the simplest invariance 
could not be captured. 

PCA can analyze the main elements of multi-things, expose 
the nature of things, and shorten difficult problems. Projecting 
large data in a small space is the main objective of PCA. 

Steps to decrease the dimension of the matrix with PCA see 
“Fig. 3” (1) to determine the covariance matrix Snxn of the 
sample matrix Xmxn (2) to determine the eigenvectors of 
covariance matrix Snxn and the eigenvalues of the eigenvectors. 
The eigenvalues are arranged from larger to smaller. The 
eigenvectors are e1, e2, …, eN, and the eigenvalues are x1, x2, ..., 
Xn, for i = 1,2, ..., N. (3) to determine the influence rate and the 
cumulative influence rate of the covariance matrix, then the 
formulas are as follows [14]. 

𝜃𝑖 = 𝑥𝑖 ∑ 𝑥𝑛, 𝑖 = 1,2, … 𝑁𝑁
𝑛=1⁄     (6) 

Θ𝑖 = ∑ 𝜃𝑖, 𝑟 = 1,2, … 𝑁𝑟
𝑖=1                    (7) 

Where θi is the influence rate of the i-th column-vector of 
the covariance matrix Snxn where ϴr is the cumulative influence 
rate of the first r column-vectors. (4) to decide the dimension of 
the prediction matrix (or it is called PCA matrix), and the 
dimension is r if ϴr >70%, r<n. (5) to consider the firs r-
dimension of the covariance matrix as the prediction matrix 
Snxr. Tnxn is the covariance matrix of the needed to down-
dimensional matrix Ysxn, and the outcome of Tnxn multiplied by 
Snxr to get the final matrix, Namely, Tnxn X Snxr. 

 

Fig. 3. General steps of PCA. 

 The matrix of principal components is the product of the 
matrix of eigenvectors with the matrix of independent 
variables. The first component represents the largest percentage 
of the total variation of the data. The second component 
represents the second highest percentage of the total data 
variation, and so on [13], [14]. 

F. Robust design of experimets. 
The objective of the robust design of parameters is to 

achieve products and processes against the causes of variability 
(noise), which cause the functional characteristics of the 
products to deviate from their optimal values causing quality 
costs, this concept was developed and proposed by Taguchi. 

The Taguchi methodology establishes three goals: 1) robust 
designs (insensitive) to the environment for products and 
processes. 2) Design and development of products, so that they 
are robust to the variation of components. 3) Minimization of 
variations with respect to a target value. These three goals are 
specified with three stages of the development of a product: 1) 
System design: the experimenter develops scientific principles 
to determine the basic configuration. 2) Parameter design: the 
specific values for the parameters of the system are determined, 
minimizing the variability provided by the noise variables. 3) 
tolerance design: the best tolerances for the parameters are 
determined. The function of loss see equation 8 implies that the 
quality characteristic, y, must be closer and closer to its ideal 
value, t, and everything that deviates from the ideal is 
considered a loss. 

𝐿(𝑦) = 𝑘(𝑦 − 𝑡)2 (8) 

Where k is a constant that depends on tolerances and repair 
costs of the product. The robust design is an experiment in 
which non-controllable noise factors exist, whose effect is 
intended to be minimized indirectly, in order to find the 
combination of levels of the process factors that can be 
controlled, and where the effect of said noise factors is minimal 
[24]. 

G. Improving power quality. 
A range of technologies can be used to improve the power 

quality at a site. These technologies can help to insulate the 
customer from variations in PQ in utility supplied power or to 
mitigate PQ disturbances emanating from the customer’s own 
equipment. These technologies are often used as individual 
components of an overall PQ control strategy and include: 
transient voltage surge suppressors; VAR compensators; 
dynamic voltage restorers; isolation transformers; motor- 
alternators (motor-generators); and various types of UPS. A 
facility may choose to protect its entire load (at the electric 
service entrance), sensitive sub-facilities (individual circuit 
protection), or individual operations (controls or individual 
equipment protection.) The protection level depends on the size 
and type of critical load [4] [25]. 

 

Input data (mxn) 
m: number of observations (row) 
n: number of variable (column) 

Pre-processing (Pre-PCA) 
Standardization and 
covariance  

PCA 
EVD (eigenvalue 
decomposition) 

Output: 
Transform matrix (m x k) 
m: number of observations 
k: number of principal 
component 



 

 

III. METHODOLOGY 
The three-phase 220V supply network was analyzed at a 

frequency of 60 Hz, to check whether the voltage source has 
sufficient characteristics to maintain reliable performance in the 
robot. We considered 17 variables in the first stage that affect 
the operation of the robot, see “Fig. 4”, the variables that define 
the quality of energy according to [20], [21]. 

To obtain the data of the electrical network we used the 
Hioki PW3198-90 this is an analyzer of the quality of the energy 
to monitor, save anomalies of power supply and to evaluate the 
problems such as voltage drops, flicker, harmonics among 
others besides having a high degree of precision and accuracy. 

 

 

Fig. 4. Analyzing process with PCA. 

A. Data acquisition of PQ disturbances. 
The measurement instrument of the HIOKI brand was used 

to measure the quality of the energy of which the main 
parameters of energy quality are described: frequency, RMS 
voltage, flicker, voltage interruptions, over transient voltages, 
voltage imbalance, voltage harmonics, inter-harmonic voltage, 
voltage signal and fast voltage fluctuations. 

B. Principal component analys of the PQ events in the 
motors. 
We considered the Kaiser criterion and the Montecarlo 

studies where the cut-off points of 0.7 defining the number of 
main components required for the analysis obtained the first 
diagnosis of the motors with respect to PQ disturbances see “Fig. 
5”. Each factor that throws was assigned a number depending on 
the factors that were analyzed. 

 

 
Fig. 5 First component vs second component in Minitab. 

 

C. Clustering algorithm of the PQ events in the motors. 
 

With the conglomerate analysis see “Fig. 6”, a dendrogram 
was obtained from the variables that represent the most 
significance in the variation based on the eigenvalues and 
eigenvectors of the data obtained from the main components. 
With this conglomerate analysis it was easier to make a decision 
as to which variables were candidates to be eliminated due to the 
degree of variation that they represent in the data. 

 
Fig. 6. Dendrogram in Minitab. 

D. Reduction of the number of variables that affect the power 
quality. 
The number of dimensions was reduced to facilitate the 

interpretation of the data. The variables showing data 
magnitudes above 95% were grouped and eliminated, 
comparing the results the Matlab software was also used to 
obtain the proportion of the eigenvalues that represent the 
greater variability in the main components and select those 
eigenvectors as those that mainly affect the engines see “Fig. 7”. 
Each main component is considered as an index of the PQ 
disturbances. 

 

Electrical network 

Data acquisition of the electric motor. 

PCA of the PQ events in 
the motors. 

Clustering algorithm of the 
PQ events in the motors. 

Reduction of the number of 
variables that affect the power 

quality. 

Results analysis 



 
 
 

 

 
Fig. 7. PCA and clustering to reduction of factors.  

E. Simulation of the PQ disturbances. 
We considered twelve energy quality disturbance signals 

swell, sag, interruptions, fluctuations, flicker, notches, transients 
and oscillating harmonics see “Fig. 8” and two complex power 
quality disturbance signals (swell with harmonics, sag with 
harmonics, sag with transient and swell with transient). 

 
 

Fig. 8. Analyzing process with SVM. 

Once the matrix of principal components is obtained, the 
PQ disturbances will be simulated so that they have a better 
precision in the matrix of main components. The training matrix 
will be based on simulations to analyze them through PCA, 
these matrices will simulate the number of loads that could be 
connected in the electrical network. With the objective of 
quantifying the impact when connecting new electric charges.  
The “TABLE IV” shows us the mathematical equations that 
will be added to the matrix of main components. 

TABLE IV. PQD MATHEMATICAL MODELS [12], [13], [26]. 

 Power Quality Disturbances  

1. Sag (1
− 𝛼[𝑢(𝑡 − 𝑡1)
− 𝜇(𝑡 − 𝑡2)]) sin(2𝜋𝑓𝑡) 

0.1 ≤ 𝛼 ≤ 0.9;  
𝑡1 <  𝑡2 

2. Swell (1
+ 𝛼[𝑢(𝑡 − 𝑡1)
− 𝜇(𝑡 − 𝑡2)])𝑠𝑖𝑛(2𝜋𝑓𝑡) 

0.1 ≤ 𝛼 ≤ 0.8;  
𝑡1 <  𝑡2 

3. Harmonic 𝛼1𝑠𝑖𝑛(2𝜋𝑓𝑡) + 𝛼3𝑠𝑖𝑛(3 ∗ 2𝜋𝑓𝑡)
+ 𝛼5𝑠𝑖𝑛(5
∗ 2𝜋𝑓𝑡)
+ 𝛼7𝑠𝑖𝑛(7
∗ 2𝜋𝑓𝑡) 

0.1 ≤ 𝛼𝑖 ≤
0.25 𝑝𝑢 𝑓𝑜𝑟 𝑖 =

3,5,7  
0.1 ≤ 𝛼𝑗
≤ 0.1 𝑝𝑢 𝑓𝑜𝑟 𝑖
= 2,9,11 

4. Flicker (1 + 𝛼𝑠𝑖𝑛(𝛽 ∗ 2𝜋𝑓𝑡))𝑠𝑖𝑛(2𝜋𝑓𝑡)  

5. Notch 𝑠𝑖𝑛(2𝜋𝑓𝑡)
− 𝛼𝑠𝑖𝑔𝑛(𝑠𝑖𝑛(2𝜋𝑓𝑡))𝑠𝑖𝑛(2𝜋𝑓2𝑡) 

0.1 ≤ 𝛼 ≤ 0.4;  
100 ≤ 𝑓2 ≤ 500 

6. 
Fluctuations 

(1 + 𝛼𝑠𝑖𝑛(2𝜋𝑓𝑡))𝑠𝑖𝑛(2𝜋𝑓𝑡)  

7.Transient 𝑠𝑖𝑛(2𝜋𝑓𝑡)
+ 𝐴([𝑢(𝑡 − 𝑡2)
− 𝜇(𝑡 − 𝑡1)])𝑒

−𝑡
𝑡𝑦⁄ 𝑠𝑖𝑛(2𝜋𝑓𝑛𝑡) 

K=0.7 t= 0.0015  
900 ≤ 𝑓𝑛
≤ 1300 

8.Sag+ 
harmonic 

(1 − 𝛼[𝑢(𝑡 − 0.05) − 𝜇(𝑡 −
0.15)])𝛼1 sin(2𝜋𝑓𝑡) + 𝛼3𝑠𝑖𝑛(3 ∗
2𝜋𝑓𝑡)+𝛼5𝑠𝑖𝑛(5 ∗ 2𝜋𝑓𝑡) + 𝛼7𝑠𝑖𝑛(7 ∗
2𝜋𝑓𝑡) 

 

9.Swell+ 
harmonic 

(1 + 𝛼[𝑢(𝑡 − 𝑡1) − 𝜇(𝑡 −
𝑡2)])𝛼1𝑠𝑖𝑛(2𝜋𝑓𝑡) + 𝛼3𝑠𝑖𝑛(3 ∗
2𝜋𝑓𝑡)+𝛼5𝑠𝑖𝑛(5 ∗ 2𝜋𝑓𝑡) + 𝛼7𝑠𝑖𝑛(7 ∗
2𝜋𝑓𝑡) 

 

10.Sag+ 
transient 

(1
− 𝛼[𝑢(𝑡 − 𝑡1)
− 𝜇(𝑡 − 𝑡2)]) sin(2𝜋𝑓𝑡)
+ 𝐴([𝑢(𝑡 − 𝑡2)
− 𝜇(𝑡 − 𝑡1)])𝑒

−𝑡
𝑡𝑦⁄ 𝑠𝑖𝑛(2𝜋𝑓𝑛𝑡) 

 

11.Swell+ 
transient 

(1
+ 𝛼[𝑢(𝑡 − 𝑡1)
− 𝜇(𝑡 − 𝑡2)])𝑠𝑖𝑛(2𝜋𝑓𝑡)
+ 𝐴([𝑢(𝑡 − 𝑡2)
− 𝜇(𝑡 − 𝑡1)])𝑒

−𝑡
𝑡𝑦⁄ 𝑠𝑖𝑛(2𝜋𝑓𝑛𝑡) 

 

12. 
Interruption 

𝜇(𝑡) = {1 − 𝛼[𝑢(𝑡 − 𝑡1)
− 𝜇(𝑡
− 𝑡2)]}𝑠𝑖𝑛𝜔𝜃𝑡 

 

 

The above mentioned signals are simulated using MATLAB 
as show in “Fig. 9” to “Fig. 14”. These waveforms with base 
frequency is 60 Hz. 

 

a) b) 

Fig. 9. a) voltage sag, b) voltage swell. 
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a) b) 

Fig. 10. a) interruption, b) Harmonic. 

a) b) 

Fig. 11. a) Transient, b) Sag + harmonic. 

a) b) 

Fig. 12. a) swell + harmonic b) notch. 

a) b) 

Fig. 13. a) Flicker, b) fluctuations. 

a) b) 

Fig. 14. a) sag + transient, b) swell + transient. 

F. Feature Extraction 
Due to its ability to extract time and frequency information 

of signal simultaneously see “Fig. 15”. Starting from a 
signal s of length N, two sets of coefficients are computed: 
approximation coefficients CA1, and detail coefficients CD1. 
These vectors are obtained by convolving s with the low-pass 
filter for approximation and with the high-pass filter for detail, 
followed by dyadic decimation [23], [27]. 

a) Discrete Wavelet Transform  
  

Fig. 15. DWT Algorithm, signal s of length N [23], [27]. 

Twelve types of disturbances i.e., voltage sag, voltage swell 
etc. are shown in “Fig. 9” to “Fig. 10” and its wavelet transform 
are shown in “Fig. 16” to “Fig. 17” respectively, and so on with 
the others disturbances. 

a) b) 

Fig. 16. Wavelet transform of a) voltage sag, b) voltage swell. 

a) b) 

Fig. 17. Wavelet transform of a) interruption, b) Harmonic. 

a) b) 
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Results analysis 
 

Fig. 18. Wavelet transform of a) Transient, b) Sag + harmonic. 

a) b) 

Fig. 19. Wavelet transform of a) swell + harmonic b) notch. 

a) b) 

Fig. 20. Wavelet transform of a) Flicker, b) fluctuations. 

a) b) 

Fig. 21. Wavelet transform of a) sag + transient, b) swell + transient. 

b) Support Vector Machine 
SVM can classify the data that has more than two classes, 

continuing. There are two options for implementing multiclass 
SVM is to combine several binary SVM or combine all of the 
data that consist of multiple classes into an optimization 
problem format [14]. 

Training 

min
𝜃

𝐶 ∑[𝑦(𝑖)𝑐𝑜𝑠𝑡1(𝜃𝑇𝑥(𝑖)) + (1 − 𝑦(𝑖))𝑐𝑜𝑠𝑡0(𝜃𝑇𝑥(𝑖))] +
1
2 ∑ 𝜃𝑗

2
𝑛

𝑖=1

𝑚

𝑖=1

 

(9) 

With SVM we will obtain the PQ events number, this data 
will help us to predict the impact that would have and what kind 
of loads the electrical network would support without affecting 
the operation of the robot's motors.  

Once the simulations were found with the differences loads 
that affect the energy consumption of the robot, you can deduce 
an index of energy consumption in the robot, in “Fig. 22” there 
is the methodology to robust design of experiments. 

G. Robust design of experiments. 
The test bench was an induction motor, capacitor bank and 

a transformer to generate real voltage variations as a factors 
noise and as a Factors we have, 1) Fault conditions, large loads 
that require high starting currents, 2) switching on a large 
capacitor bank, 3) load that has significant current variations, 
especially in the reactive component can cause voltage 
fluctuations, 4) Arc furnaces, 5) to the nonlinear characteristics 
of devices and loads on the power system.  

 The variables to be considered as factors that affect the 
energy consumption of the engines. 

 

Fig. 22. Analyzing process with robust design of experiments. 

For the analysis of the design with internal and external 
arrangement, Taguchi proposes a performance statistic, which 
he calls signal to noise ratio see “TABLE V”. 

 
TABLE V. SIGNAL NOISE RATIO FOR THE DIFFERENT TYPES OF 

RESPONSE VARIABLES [24]. 

Type of feature Signal / noise ratio 

The smaller is the best 
−10 log [

1
𝑛

∑ 𝑌𝑖
2

𝑛

𝑖=1
] 

The bigger is the best 
−10 log [

1
𝑛

∑
1

𝑌𝑖
2

𝑛

𝑖=1
] 

Its nominal value is the best (type I) 
10 log [

�̅�2

𝑆2] 

Its nominal value is the best (type II) 10 log[𝑆2] 
Defective proportion 

−10 log [
𝑝

(1 − 𝑝)] 

 

Regarding the two statistics for nominal type responses, 
type I is recommended for non-negative responses ranging from 



 

 

zero to infinity, which have value goal different from zero and 
that the variance is zero when the answer is also zero. For its 
part, the type II statistic is for responses that can take both 
positive and negative values, and where zero can be the nominal 
value [24]. 

In the experiment of “TABLE VI” the electrical charges are 
a response of the nominal type is best to want to have less 
impact on the robot but without having to disconnect many 
electrical charges. 

 
TABLE VI. DESING WITH INTERNAL ARRANGEMENT AND 

EXTERNAL ARRANGEMENT. 

 External arrangement   

      M 1 1 2 2   

  Noise factors N 1 2 1 2   

      O 1 2 2 1   

 

Control factors 

    

S
2 

Signal to 
noise 

 A B C D E F       

Internal arrangem
ent 

1 1 1 1 1 1 10 4 3 1 15 -11.7 

1 1 1 2 2 2 4 10 1
3 

8 14.2 -11.5 

1 2 2 1 1 2 6 4 5 6 0.91 0.37 

1 2 2 2 1 1 13 1 9 4 28.2 -14.5 

2 1 2 1 2 1 5 2 2 4 2.25 -3.52 

2 1 2 2 1 2 2 5 4 1 3.33 -5.22 

2 2 1 1 2 2 4 9 6 1 11.3 -10.5 

2 2 1 2 1 1 5 4 1
2 

4 14.9 -11.7 

 

IV. EXPERIMENTATION AND RESULTS 
 

A. Analysis of clustering algorithm and Principal component 
Analysis. 
When the variables were reduced, the principal components 

analysis was carried out again and an analysis criterion was 
assigned to each main component. It was observed see “Fig. 
23” the relationship it has in the engines with respect to the 
variables that were considered. 

 
Fig. 23. PCA with the motors in Minitab. 

Each component represented the performance of the motor, 
analyzing the 4 motors starting with the motor of axis 1, it was 
observed that the motor that represents less distortion in the 
electrical signals and that shows a low performance of the 
supplied power. The motor of axis 2 showed us that it is the 
motor that represents the greatest distortion of waves and at the 
same time it is the second motor that takes advantage of the 
electric energy supplied. The motor of axis 3 is within the limits 
of representing the number one component, but it is the best 
engine that uses the power. Finally, the motor of axis 4 is the 
one that behaves worst when causing the greatest wave 
distortion and the one that uses less power. 

 

B. Análisis de los efectos en el brazo robótico Nachi. 
Four types of factors are distinguished: 1) affects the mean 

and variability, 2) affects only the variability, 3) affects only the 
mean, 4) does not affect the mean or variability [24]. 

The factors that are more significant and cause PQ 
disturbance [25], which  affect the robot's motors are the devices 
that are seen on the “Fig. 24”, these factors only affect the 
average and avoid that these devices are connected would help 
to have a good quality of the energy 

 
Fig. 24. Effects of factors in R studio. 



 
 
 

 

 

V. CONCLUSIONS 
To get to the root of PQ related problems, the engineers had 

to install monitoring equipment and identify and diagnose the 
problems themselves.  In this paper the proposed methodology 
is a tool based on the statistics and design of experiments so that 
the impact of a poor power quality in the industrial robot can be 
characterized when connecting and disconnecting electrical 
loads. Short duration sags, in particular, cause numerous process 
disruptions. Often, the sag is sensed by electronic process 
controllers equipped with fault-detection circuitry, which 
initiates shutdown of other, less-sensitive loads. A common 
solution to this problem is to serve the electronic controller with 
a constant-voltage transformer, or other mitigating device, to 
provide adequate voltage to the controller during a sag. The 
application challenge is to maintain the electronic controller 
during sags that will not damage process equipment protected 
by the fault circuitry, while simultaneously reducing nuisance 
shutdowns. Electronic devices with battery backup should be 
unaffected by short duration reductions in voltage. Equipment 
such as transformers, cable, bus, switchgear, CTs and PTs 
should not incur damage or malfunction due to short duration 
sags. A slight speed change of induction machinery and a slight 
reduction in output from a capacitor bank can occur during a sag. 
The visible light output of some lighting devices may be reduced 
briefly during a sag. 
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Abstract— At present there are several equipment to monitor 
the quality of energy available in the market and the importance 
of maintaining a good quality of energy is increasingly
cost, with the PQ-UAQ card you can get these benefits
fraction of the cost of commercial devices, this work have the 
goal of expanding its capabilities with the new paradigm internet 
of things generating a remote monitoring system
have access to data from anywhere in the world
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I. INTRODUCCION 

A. Quality of Energy and its Monitoring 
 In recent years there has been an exponential growth in the 
interest of energy quality, one of the main reasons for this is 
the increase in the cost of electricity globally
problems affect consumers in various ways, such as economic 
penalties in terms of power losses, equipment failure and
malfunction, production process disruption, i
facts, several terms and definitions are used to quantify energy 
quality problems in terms of different performance indices.

 The term energy quality is used to evaluate and maintain 
the good quality of energy at the generation, transmission, 
distribution and utilization of the electric power of 
contamination of power supply systems is at the consumpti
level, where it is much severe, it is important to study the end 
points of the distribution systems. There are a number of 
reasons for contamination of AC supply systems, including 
natural ones like lightning, flashover and equipment failures 
(about 60%) and such as distortions in voltage and
(approximately 40%), consumer equipment also contaminates 
the supply system, since the consumption of non
current and the behavior of equipment as non
Therefore, the quality of energy is quantified in terms of 
voltage, current or deviation of the generation frequency in the 
delivery system [2]. 
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At present there are several equipment to monitor 

the quality of energy available in the market and the importance 
nergy is increasingly At a high 

UAQ card you can get these benefits at a 
fraction of the cost of commercial devices, this work have the 
goal of expanding its capabilities with the new paradigm internet 

enerating a remote monitoring system allows us to 
have access to data from anywhere in the world.  

; Remote Monitoring; 

In recent years there has been an exponential growth in the 
interest of energy quality, one of the main reasons for this is 

lectricity globally, energy quality 
problems affect consumers in various ways, such as economic 

power losses, equipment failure and 
malfunction, production process disruption, in view of these 

used to quantify energy 
quality problems in terms of different performance indices. 

The term energy quality is used to evaluate and maintain 
the good quality of energy at the generation, transmission, 
distribution and utilization of the electric power of AC. As the 
contamination of power supply systems is at the consumption 

severe, it is important to study the end 
points of the distribution systems. There are a number of 
reasons for contamination of AC supply systems, including 

ral ones like lightning, flashover and equipment failures 
(about 60%) and such as distortions in voltage and notches 

onsumer equipment also contaminates 
the supply system, since the consumption of non-sinusoidal 

or of equipment as non-linear loads. 
Therefore, the quality of energy is quantified in terms of 
voltage, current or deviation of the generation frequency in the 

B. Remote monitoring 
Remote monitoring has become an integral part of day
operation in many manufacturing industries and process 
plants. Remote monitoring and intelligent control is an 
important criterion in increasing production in certain 
processes, allowing the operator to monitor with better 
conditions and less personnel.
contributes to lowering costs and improving production, there 
are considerations to ensure the safety and reliability of the 
system[4]. 
The Internet of Things, Smart
ongoing development of the internet whe
have the ability to communicate to send and receive data
more than 50 billion devices are expected to be connected by 
2020 under this new paradigm
be launched in high impact fields such as health, agricult
security, production and energy distribution

II. SYSTEM 

A. PQ-UAQ System  

The PQ-UAQ System as show in Fig.1
equipment developed by the Univers
Querétaro with open architecture based o
Field Programmable Gate 
channels of measurement, four channels dedicated to measure 
voltage and the other four channels for the measure current, 
these are connected to an 16bits Analog to Digital Converter 
(ADC) Texas Instrument AD
the card can be configured to measure AC
of 400V RMS and 1000V DC respectively
is stored on an unformatted SD card at a frequency of 8K 
samples per second , all under the coordination o
microcontroller embedded in the FPGA
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Remote monitoring has become an integral part of day-to-day 
operation in many manufacturing industries and process 
plants. Remote monitoring and intelligent control is an 
important criterion in increasing production in certain 
processes, allowing the operator to monitor with better 
conditions and less personnel. While remote monitoring 
contributes to lowering costs and improving production, there 
are considerations to ensure the safety and reliability of the 

Internet of Things, Smart Energy, Smart Grid are an 
ongoing development of the internet where every day things 
have the ability to communicate to send and receive data, 

ore than 50 billion devices are expected to be connected by 
2020 under this new paradigm, allowing new applications to 
be launched in high impact fields such as health, agriculture, 
security, production and energy distribution[1][7].  

YSTEM OVERVIEW  

as show in Fig.1 is a proprietary 
eveloped by the Universidad Autónoma de 

pen architecture based on a Xilinx Spartan 6 
ield Programmable Gate Array (FPGA), which has 8 

, four channels dedicated to measure 
and the other four channels for the measure current, 

to an 16bits Analog to Digital Converter 
(ADC) Texas Instrument ADS130E08 for the data acquisition, 
he card can be configured to measure AC or DC with ranges 

and 1000V DC respectively, the readings data 
is stored on an unformatted SD card at a frequency of 8K 

, all under the coordination of a 
microcontroller embedded in the FPGA[3]. 

 
 
 
 



 

Fig.1 PQ-UAQ System Card
PQ-UAQ system it is used to measure variables with energy 
quality applications. In any electrical installation is 
fundamental, as the quality of it represents direct
costs in the products or services offered. One of its features is 
the flexibility to include analytical algorithms (through IP 
cores), and its cost is approximately 10% of the price of a 
similar commercial system. 

 

B. Raspberry Pi 
Raspberry Pi is an SBC (single-board computer) created by 

the Raspberry Pi Foundation, and Cambridge University,
organization formed with the primary purpose of reintroducing 
low-level computer skills to children in the UK, The goal was 
to rekindle the revolution of the microcomputers of the 1980s, 
which produced a whole generation of skillful programmers. 
Even before the computer went on sale in February 2012, it 
was clear that the Raspberry Pi had gained many followers 
around the world and so far the official webs
has sold over 12.5 million cards[5]. 

The Raspberry Pi has been increasing its popularity among 
the academics due to its low cost. Between 
available we used the Raspberry Pi 2 model B with the 
Broadcom BCM2837Arm7 Quad Core Processor running at 
900MHz, 1GB of RAM, 40pin extended GPIO, 4 USB ports, 
pole Stereo output and Composite video port, full size HDMI 
port, Micro SD port for loading  your operating system and 
storing data and Ethernet port. 

The Pi support many flavors of linux distributions
we chose raspbian wheezy as is the foundation’s official 
supported Operating System. Being a linux computer,
large suite of programming languages at 
installed in the GCC compilation softwa
basically tens if not hundreds of programming languages, just 
have to get the required files for the install in the repositories
it’s not installed. 

 

III. SYSTEM DESIGN 

A. System Main Configuration  
The system configuration as shown in Fig. 2 co

four parts the PQ-UAQ system, the Raspberry Pi, Google 

 
 

 

 
UAQ System Card 

t is used to measure variables with energy 
quality applications. In any electrical installation is 
fundamental, as the quality of it represents direct and indirect 
costs in the products or services offered. One of its features is 
the flexibility to include analytical algorithms (through IP 
cores), and its cost is approximately 10% of the price of a 

board computer) created by 
d Cambridge University,  the 

organization formed with the primary purpose of reintroducing 
level computer skills to children in the UK, The goal was 

f the microcomputers of the 1980s, 
which produced a whole generation of skillful programmers. 
Even before the computer went on sale in February 2012, it 
was clear that the Raspberry Pi had gained many followers 
around the world and so far the official website reports that it 

its popularity among 
 the different models 

available we used the Raspberry Pi 2 model B with the 
ad Core Processor running at 

900MHz, 1GB of RAM, 40pin extended GPIO, 4 USB ports, 4 
pole Stereo output and Composite video port, full size HDMI 
port, Micro SD port for loading  your operating system and 

linux distributions, from where 
as is the foundation’s official 
Being a linux computer, has a 

 your disposal. Pre-
the GCC compilation software, its supports 

basically tens if not hundreds of programming languages, just 
get the required files for the install in the repositories if 

The system configuration as shown in Fig. 2 consists of 
UAQ system, the Raspberry Pi, Google 

Drive and a PC. The Raspberry Pi functions as the bridge of 
the data obtained by the system PQ_UAQ and Goggle Drive is 
the off-site storage system, the PC is used to review the data in 
Google Drive and remotely connect to the Pi for the System 
start-up and system monitoring.

The raspberry pi communicates with the PQ
through the Serial UART port at a baud rate of 460800, then 
initiates the synchronization routine, which establishes the
date and time at which the monitoring
signal of the beginning, after this every second we
samples obtained to be saved in a file which are stored only 
ten minutes of each channel, when the file limit is reached, a 
new file is generated this ge
hour, when this happens another folder is generated to save 
the files of the next hour, so until we have 24 folders per day.

This way we can update the data obtained in google drive 
in intervals of one day, one hour or every 10 minutes, 
according to the need. 

 
 

Fig.2 Proposed System A

B. Raspberry Pi Control System 
Python Is one of the main programming languages supported 
by raspberry pi, which were aggravated by t
the control of the PQ_UAQ card, 
interaction with the Serial UART port available, the other is 
Pydrive wrapper library of google
simplifies many common Google Drive API tasks.

1) UART control script: This script is the one that interacts 
directly with the PQ-UAQ card through the serial port, this is 
responsible for making the card sync, start and stop
The synchronization consists in sending the hour, minute and 
second in the format suitable to be
embedded microcontroller, to begin with the acquisition of the 
data and the creation of the files where the data obtained is 
saved. 

 

Drive and a PC. The Raspberry Pi functions as the bridge of 
the data obtained by the system PQ_UAQ and Goggle Drive is 

site storage system, the PC is used to review the data in 
Drive and remotely connect to the Pi for the System 

up and system monitoring. 
The raspberry pi communicates with the PQ-UAQ card 

through the Serial UART port at a baud rate of 460800, then 
initiates the synchronization routine, which establishes the 
date and time at which the monitoring starts, then sends the 

ing, after this every second we asked the 
samples obtained to be saved in a file which are stored only 
ten minutes of each channel, when the file limit is reached, a 

is generated this generates 6 files per channel in one 
hour, when this happens another folder is generated to save 
the files of the next hour, so until we have 24 folders per day. 

This way we can update the data obtained in google drive 
e day, one hour or every 10 minutes, 

 
Proposed System Architecture 

 

Raspberry Pi Control System  
Is one of the main programming languages supported 

, which were aggravated by two libraries for 
the control of the PQ_UAQ card, Pyserial is used for the 
interaction with the Serial UART port available, the other is 

wrapper library of google-api-python-client that 
simplifies many common Google Drive API tasks. 

: This script is the one that interacts 
UAQ card through the serial port, this is 

responsible for making the card sync, start and stop Fig. 3. 
The synchronization consists in sending the hour, minute and 
second in the format suitable to be interpreted by the 
embedded microcontroller, to begin with the acquisition of the 

and the creation of the files where the data obtained is 

 
 
 
 
 



 

Fig. 3 UART control script diagram
 

2) Google Drive update script: With the library of Pydrive 
is made the transfer of the files to google driv
to them remotely Fig. 4. 

 

Fig. 4 Google Drive update script diagram.
 

C. PC remote access 
 

The PC is used for the configuration of the control scripts 
mentioned above, this is done from a terminal with the SSH 
protocol in some linux distribution or some SSH client like 
PuTTY in Windows.  

Also to access the files in Google Drive for later analysis
 

IV. TEST PROCEDURE 
In Fig. 5 shows the test bench used, which consists of a 

three-phase inverter, a induction motor connected to an 
electromagnetic brake, two PQ-UAQ cart, a raspberry pi and a 
PC with an SSH client in this case PuTTY.

One of the cards is used to monitor the three voltages and 
currents in the induction motor, the other is connected to the 
control panel of electromagnetic brake, which ha
outputs which the Torque in N-m and the speed in RPM

 

 
diagram. 

With the library of Pydrive 
is made the transfer of the files to google drive to have access 

 
diagram. 

The PC is used for the configuration of the control scripts 
mentioned above, this is done from a terminal with the SSH 
protocol in some linux distribution or some SSH client like 

o access the files in Google Drive for later analysis. 

 
shows the test bench used, which consists of a 

induction motor connected to an 
, a raspberry pi and a 

PuTTY. 
One of the cards is used to monitor the three voltages and 

currents in the induction motor, the other is connected to the 
control panel of electromagnetic brake, which has two analog 

m and the speed in RPM.  

 The test consisted in obtaining the data remotely from the 
starting of the induction motor at different frequencies 
produced by the inverter. A 220V sinusoidal signal was 
produced with the following frequencies
40Hz, 50Hz, 60Hz.   

The test was carried out for 10 minutes enough to generate 
a complete file for each monitored channel

 

Fig.5 

V. RESULTS 

Then we will see the results of the test at a frequency of 
40Hz, plotted the three faces 
was  made to be able to see the engine start ramp, plotted 
torque and speed as well. 
 
In Fig. 6 we have the three faces of the cu
of the test,  

Fig. 6 Currents 

 
The test consisted in obtaining the data remotely from the 

starting of the induction motor at different frequencies 
. A 220V sinusoidal signal was 

produced with the following frequencies 10 Hz, 20Hz, 30Hz, 

The test was carried out for 10 minutes enough to generate 
a complete file for each monitored channel. 

 
 Test Bench 

 AND DISCUSSION 
Then we will see the results of the test at a frequency of 

40Hz, plotted the three faces of current and voltage, a zoom 
to be able to see the engine start ramp, plotted 

we have the three faces of the current the 10 minutes 

 
Currents 10 minutes test file 



Fig.7 Zoom of Currents from seg. 334 to seg 336.5.
 

In Fig. 8 we have the three faces of the voltage 

Fig. 8 Voltages on the 10 minutes test file.

Fig. 9 Zoom of Voltages from seg. 334 to seg 336.5.
 

Next we have in Fig.10 the torque and in Fig.11

 
 

 

 
s from seg. 334 to seg 336.5. 

we have the three faces of the voltage  

 

on the 10 minutes test file. 

 
from seg. 334 to seg 336.5. 

torque and in Fig.11 the speed 

Fig.10 Torque

Fig.11 Speed 

VI. CONCLUSIONS

As we can see the system works, but more rigorous tests are 
necessary to test the stability of the communication between 
raspberry pi and the PQ-UAQ system, since in the field you 
can have noise that could interfere or even cut the 
communication between the devices

Put more devices connected to the same network to see what 
would be the limit of connected devices for a given bandwidth
could be another future test. 

It is also intended to process on site the data obtained b
calculate the following power
voltage and current, Power factor and THD
adding even more versatility to the system, we have confidence 
in the computing power that the Raspberry pi has.
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Torque in N-m for the test. 

 
Speed in RPMs for the test. 

 

ONCLUSIONS 
system works, but more rigorous tests are 

necessary to test the stability of the communication between 
UAQ system, since in the field you 

can have noise that could interfere or even cut the 
ommunication between the devices. 

Put more devices connected to the same network to see what 
would be the limit of connected devices for a given bandwidth 

It is also intended to process on site the data obtained by 
following power quality indicators, RMS for 

voltage and current, Power factor and THD. In this way, 
adding even more versatility to the system, we have confidence 
in the computing power that the Raspberry pi has. 
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Abstract—This CeO2 thin films were deposited on corning 
substrates by dip-coating technique and annealed at 250 °C and 
550 °C in air atmosphere. X-ray diffraction studies indicated that 
the prepared thin films are polycrystalline with cubic fluorite 
structure. AFM images revealed that the surface roughness of 
CeO2 films increased when the annealing temperature were 
increased.  

Keywords—thin film; CeO2; sol-gel; properties. 

I. INTRODUCTION  
Ceria (CeO2), as one of the most useful rare earth metal 

oxide, has the high oxygen storage capacity, redox properties, 
and metal support interactions. These unique properties make 
CeO2 a promising candidate for using as adsorbents, catalysts, 
luminescence, fuel cells, UV blocking and shielding materials, 
polishing powder, etc >1@. Various nanostructures of CeO2 and 
its based composites such as nanoparticles, microspheres, 
nanofibers, nanosheets, nanotubes, thin films have been reported 
>2@. 

There are many reports for the deposition of CeO2 films 
using magnetron sputtering, pulsed laser deposition (PLD), e-
beam evaporation, metal-organic chemical vapor deposition 
(MOCVD), molecular beam epitaxy (MBE), and sol–gel 
process [3]. The sol–gel method has some advantages over 
others. A high degree of homogeneity of the films can also be 
achieved in multicomponent systems, and additionally allows 
large-area coatings to be prepared at low cost >4@.  

 
In the present work, we studied CeO2 films obtained by the 

sol–gel dip-coating method. The influence of annealing 
temperature on the structure, morphological and optical 
properties was investigated. 

 
The films were characterized by X-ray diffraction (XRD), 

scanning electron microscopy (SEM), and atomic force 
microscopy (AFM) and  
 

II. EXPERIMENTAL 
2.1. Preparation of the CeO2 thin films 

 A sol of the CeO2 precursor was prepared by dissolving 
cerium nitrate hexahydrate Ce(NO3)3.6H2O in a mixture of  
lactic acid and etanol. The transparent sol was stable for several 
days at room temperature, and thereafter gelled by reaction with 
moisture in air. All films were deposited by the dip coating 
technique on corning glass substrates.                                                               

The as-deposited films were subsequently dried at 250 
°C and sintered at different temperatures in the range from 250 
and 550 °C, in both cases in open atmosphere for 1 h. Finally, 
the thin films were allowed to cool to room temperature in the 
oven. 

 
2.2. Characterization methods  

The crystal structure of the cerium oxide films was analyzed 
by XRD (Rigaku D/max-2100) using Cu-Kα radiation in the 2θ 
range from 20 to 90°. The surface structure of the thin films was 
observed by atomic force microscopy (AFM) using a Park 
Scientific Inst. System.  

The surface morphology of the thin films was examined by 
scanning electron microscopy (SEM) by means of an XL 
30ESEM Philips microscope at 100 000x.  

 

III. RESULTS AND DISCUSSION 

3.1. X-ray diffraction (XRD) 
The X-ray diffraction patterns of CeO2 thin films sintered at 

different temperatures (250-550 °C) are showed in Fig. 1 (a). As 
can be seen in Fig.1 The XRD patterns of the sintered thin films 
showed (111), (200), (220), (311), (222), (400), (331), (420) and 
(422) reflections corresponding to crystallographic planes of the 
fluorite cubic structure (space group Fm3m) of CeO2 (PDF# 43-
102), no additional reflections are detected, indicating high 
purity of the films.  

mailto:lovely-nena2005@hotmail.com
mailto:eduardorj18@gmail.com


 
 
 

 

When the sintering temperature increased to 550 °C, the 
intensities of the peaks increased due to improvement of 
crystallinity >5@. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Fig 1.  XRD patterns of CeO2 thin films deposited on glass substrate sintered 
at 250 °C and 550 °C. 

 

3.2. Scanning electron microscopy (SEM) 
 Figure 2 shows SEM images showing the surface 
morphologies of the films annealing at 250 and 550 °C. The 
SEM micrograph of CeO2 thin film sintered at 250 °C (Fig. 2a) 
showed a smooth surface, homogeneous and crack free. When 
the annealing temperature increased at 550 °C (Fig. 2b) the film 
exhibited a granular morphology >6@. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 2.  SEM micrographs of CeO2 thin films annealed at (a) 250 °C and (c) 
550 °C. 

3.3. Atomic force microscopy (AFM) 

 The surface morphology of the CeO2 thin films were also 
investigated by atomic force microscopy (AFM). Fig.3. shows 
3D images of the CeO2 thin films annealed at 250 and   550 °C, 
respectively. 

 In Fig. 3a, the AFM imagen of the CeO2 thin film annealed 
at 250 °C showed that its surface is smooth and uniform. When 
the sintering temperature increased, on the surface of films 
sintered at 550 °C (Fig. 3b) appear small grains agglomerate 
together and randomly distributed.  

 The measured RMS surface roughness of the CeO2 thin films 
annealed at 250 and 550 °C were 2.49 and 6.27 nm, respectively. 
The RMS values increased because the grains size increased 
with increasing sintering temperature >7@.  
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(a) Ta = 250 °C 
Rms = 2.94 nm 

(b) Ta = 550 °C 
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Fig.4. 3D imagines of CeO2 thin films annealed at (a) 250 °C, 
and (b) 550 °C. 

 
 

 
CONCLUSIONS 

 

The structural, morphological, and optical properties 
of CeO2 thin films prepared using a simple precursor solution 
were influenced by the annealing temperature. The crystalline 
size of the CeO2 thin films, increased as a function of the 
sintering temperature indicating improved crystallinity.  

 
The surface morphologies of the CeO2 thin films 

showed that rms roughness of the films increases with the 
increase of annealing temperature 
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Abstract — Recently, Electricity consumption and monitoring 
have become a priority. This work presents a load and lighting 
control system. Lately, Electricity price per kW/h has increased and 
this proposal is a helpful tool, which allows to measure power 
consumption, individually monitor home loads and disconnect 
electric devices by means of a bluetooth cellphone interface. With a 
low cost embedded platform and easy to implement system. A friendly 
android interface is developed for any user. This smart system can 
record the historical electrical consumption for a term and determine 
the bill that user has to pay at the end of period.  

Keywords: Optimization; smart system; electrical load 
monitoring; home energy management. 

I. INTRODUCTION 
The emergent need to save electricity and reduce expenses 

because of the bills, has encouraged the development of smart 
systems to measure and monitor power consumption. In this 
meaning, it has become important to be aware how expensive 
electricity generation has become and the environment pollution 
produced by fossil fuels.  

The amount of energy used by buildings or households has 
increased 30% in the past 3 decades. This growth until 2010 is 
presented in figure 1, taken from the Energy data via World 
Energy Council, where global home electricity consumption has 
surged. It has been noticeable that researches for managing 
energy consumption have helped to save energy and reduce 
bills. For this task, some Energy Management System (EMS) 
have emerged to control and monitor load consumption. Never 
the less, for residential applications the needs are different 
depending on the user needs, these systems are called Home 
Energy Management Systems (HEMS). Such systems have 
evolved with time, now they are a hardware and software 
combination, with friendlier human machine interfaces (HMI).  
According to Flores in [1], they are define as, “A system 
dedicated for a residential load which enables the user to control, 
monitor and optimize his energy consumption”.  

Its main function is to let user know how much electricity 
they have consumed, in order to create a conscience and user can 
stablish a strategy and try to avoid unnecessary consumption or 
detect if there is a home appliance, which can be causing an extra 
electricity use. Besides that, these systems can prevent disasters 

by disconnecting electrical loads when they should be already 
off such as heaters, irons, ovens or lighting. 

 
Figure 1. -  Averages for household electrical consumption until 

2010. 
 

The household electric consumption is basically divided in 
specific home appliances, these are refrigeration, lighting, 
washing and drying, office equipment, cooking, entertainment 
and others. In figure 2, percentages per each one are shown, 
according to De Almeida in [2]. Electricity consumption 
breakdown in the residential sector in the countries participating 
in the REMODECE.  

Refrigeration and lighting are the two more demanding 
electrical loads, households spend about 18% of their incoming 
in lighting, while schools, stores and businesses spend more than 
50% of theirs in lighting. Secondly washing and office 
equipment. Every energy saving in this 4 factors can mean a 
representative money save.  

This work presents a HEMS with a cell phone application, 
so users can be aware at all time of their electrical load behavior. 
In section I, HEMSs are introduced. In section II, a brief HEMS 
State-of-art is presented. In section III, the proposal is presented 
and explained. In section IV, the experimental results are shown 
and finally in section V, conclusions and results are discussed. 



 
 
 

 

 
Figure 2. -  Electrical consumption percentages by household 

appliances. 
 

Load behavior can be optimized if users monitor how 
frequently they are connected or remind on when they should be 
off.  

II. SMART LOAD CONTROL SYSTEMS  
 

HEMS classification is based upon factors and their features 
for the user, by [1]. By functionality: information based and 
control based. By technology: user interface, smart hardware 
and software platform. By network communications: home 
communications general architecture.  By benefits of HEMS 
adoption: information, energy management, efficiency 
diagnosis and improvement, remote control, energy storage and 
emergency management, other benefits. By challenges to 
HEMS adoption: awareness and knowledge of HEMS, 
implementation and maintenance cost and fees, security and 
privacy risks, lack of HEMS standards and infrastructure. In a 
survey conducted by PG&E (2015) found that 37% of the people 
do not know HEMS exist, 27% knew HEMS exist and 35% 
knew HEMS exist but they have no idea exactly the HEMS main 
purpose.   

Before HEMS existed, the form to regulate power 
consumption, linear programing was used, as explained in [3], 
with technology growth, electronics system started to occupy 
this place, trying to optimize residential load management 
strategy. In [4], another non electronic HEMS is suggested, 
however this idea is more to help electric power generation 
companies by redirecting their capacity according to the sector 
priority, it is to say, if demand is needed by industrial sector or 
commercial rather than residential, power distribution is 
reconfigured. As mentioned, grid needs its own HEMS and 
several works have been presented such [5] and [6].  

There also exist works [7], in whose strategy is to commutate 
line, it means that with one acquisition system all loads are 
motor, but this means that of instant no monitoring is happening 
and information can be lost. In [8], there is a HEMS based on 
price prediction, it basically measure power consumption 
continuously and stablish the amount of money user has to pay 
based on the actual electricity cost and the possible price 
electricity can have, so user has to analyze  their habits to reduce 
costs. With the introduction of HEMS to house, security 
protocols must be taken into account [9]. Indeed, the more 
security is required, more expensive HEMS will be. 

Wireless HEMS are other options. ZigBee and PLCs are 
combined by Han in [10], to stablish a wireless land. ZigBee are 
interconnected to main server and PLC takes action depending 
on appliance demands but this system can result expensive, 
thinking in how many ZigBee boards and its circuitry are needed 
to monitor an entire house. A similar work [11], using ZigBee is 
implemented but no results are shown.  Thaung in [12] presents 
other idea, which results attractive, stablishing small ZigBee 
monitoring and controlling units, single unit is designed to 
control and monitor the load from a complete room including 
contacts and lighting. Besides, each room is activated by a PIR 
sensor and sends an alarm to the main interface to know if there 
is people or not in the room.  

Sánchez in [13], has a domotic implementation using an 
Arduino Uno board. But it is only to control variables such as 
temperature, human presence and illumination but no load 
control is achieved.  A similar form in [14], where environment 
variable control is sought. But only interface is shown and no 
platform is displayed. With [15] a LabVIEW smart house 
control is implemented, so LabVIEW is a helpful tool to develop 
HEMS. Also is possible to combine ZigBee and LabVIEW as in 
[16], never the less, control is not implemented, only monitoring 
the total power consumption. A proposal that help to work this 
project was the one presented in [17], using Arduino and 
monitoring variables from an application, with good results.  

 

III. PROPOSED MONITORING AND CONTROL SYSTEM 
From what mentioned before, the main purpose of this 

HEMS must be monitor, save data and allow user to activate or 
deactivate electrical appliances when they must be off. During 
this section, an explanation for each part of the proposal will take 
place.  

The entire home load monitoring system is formed by an 
Arduino Mega board with a set of voltage and current sensors, 
which are connected to loads in series with an 8-relay module to 
disconnect them when required, a recording system interface for 
historical event save implemented in LabVIEW 2015 and USB-
linked to the Mega board, an Android application on a mobile 
devise developed in MIT App Inventor, to monitor and control 
household appliances connected, which is bluetooth-linked to 
the Mega board. Mounted equipment is shown in figure 3. The 
current sensors are ACS712 and voltage sensor is ZMPT101B. 

 



 

 

 
Figure 3. -  Entire system setup. 

 

The main control algorithm is implemented in the Mega 
board, but at the same time it has to interact with the other 
system parts to accomplish the task. It is to say, a list of steps is 
block-diagram-presented in figure 4. Mega board, voltage and 
current sensors are in charge of instrumentation and signals 
processing to send them via bluetooth to the Android application 
and at the same time send data to computer in order to save them 
in the LabVIEW interface. 

 
Figure 4. -  Monitoring and controlling process block diagram.   

 

A part of the Arduino code, containing the sensed value 
transformation to rms values, is presented in figure 5. Each 
auxiliary variable is used to transform every peak value sensed 
with the current sensor, and transferred via bluetooth. This 
values are also sent to computer.  

Measured current is converted by the ADC integrated in the 
Atmel Microcontroller embedded in the Mega board, which is a 
10-bit converter. Since the current can go from 0 to 30 Amp 
(maximum sensor capacity), the quantization noise converter is 
calculated by equation (1).  

 

𝑄𝑁 = 𝐼𝑚
2𝑁−1

= 30
210−1

= 0.05865 𝑚𝐴   (1) 

    

 
Figure 5. -  Arduino Mega code.    

 

Android application has buttons to activate or deactivate all 
appliances connected to the HEMS system. Indicators in the 
form of a small lamp to illustrate which loads are on. Voltage, 
current and power display of every load. Two configuration 
buttons, one to select the bluetooth transmitter devise and a 
second one to connect or start transmitting. 

Application interface is implemented in MIT App Inventor 
and is shown in figure 6. Part of the code is presented in figure 
7, containing the instructions to read the mobile bluetooth devise 
and capture date sent from Arduino. MIT App Inventor is an easy 
and intuitive tool to program Android applications. From here, 
user control and monitor home loads. If a load should not be on, 
it can be deactivated. It helpful because user can observer if an 
electrical devise is consuming more power than manufacturer 
says in its owner manual or electric specifications.  

 



 
 
 

 

 
Figure 6. -  Mobil android application.  

 

 
Figure 7. -  Monitoring and controlling process block diagram.   

 

Data are storaged in the LabVIEW interface, so user will 
analyze them and determine if there are electric devises 
demanding more energy or take actions respect to disconnect 
them.  Interface has a COM selector to detect Arduino Mega, 
baud rate, and a graphic display to show data meanwhile they 
are sent to a excel file for later graphing and analysis. Interface 
and block diagram are shown in figure 8 respectively.  

 

 
a) 

 
b) 

Figure 8. -  a) LabVIEW interface and b) its block diagram.  

While serial port is open with LabVIEW visa tool, all values 
are sent to an array builder to be display, data are also sent to a 
excel file.  From the waveform graph is possible to select  

 

 

 

 

 



 

 

IV. RESULTS  
At the test moment, 4 lamps were connected and activated 

and deactivated, they were 60-Watt loads. Interface is showing 
which load are demanding, date are being saved and connection 
is stable during all time. Even loads were the same size, in reality 
they present differences in their performance and one is load is 
higher than the other. It can be observed in the mobile 
application and in the graphic. Activated loads and its respective 
electric values are show in figure 9. It is important to say that 
once the system was running readings and data transmissions 
kept working at the same speed.   

.  

 

 
Figure 9. -  Proposed HEMS under test.  

A key part of the system is the mobile devise, a faster 
equipment can handle the MIT applications more properly. At 
the beginning during first tests, a smaller capacity cell phone 
was used presenting a poor performance. It was thought 
communication was responsible for that, but a more powerful 
mobil devise was used later, presenting better behavior. In the 
case a tablet with 2 GB in RAM 

V. CONLCUSIONS  
In this paper a proposed HEMS showed to be reliable and 

stable during long time periods, household appliances were 
controlled individually, mobil interface showed devise electric 
values, and data were saved. Both the Arduino application and 
the mega program were easy to implement.  

Future works for this project include, no need for LabVIEW 
to save data, the idea is to storage them in the cell phone itself, 
to remove computer. Other work is to upload data to a server 
service to check data by internet and also control the monitoring 
system through internet. Finally the alarm insertion and timers 
to disconnect programmed appliance. Measured values were 
accurate to those measured with the validation instruments.  

System needs to be connected to a real house and 
performance a comparison between the building without the 
HEMS and with it, to stablish and say the system helped to save 
money by alerting the users about their habits, 

If more loads need to be added Mega board still has more 
analogical inputs and I/O port to connect more relays and 
voltage and current sensors. And more important, it has the 
computational speed to achieve several readings and send data 
by bluetooth. 
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Abstract— Within the agricultural sector, different 
constructions have been developed for agricultural production 
growth; the most outstanding feature of this type of construction 
is that they always work with living beings and these are affected 
by environmental factors. For this reason, it must compile a 
construction material selection that is resistant, innovative and 
that contribute to the development of agricultural production. 
This work focuses on the use of magnesium oxide as an additive in 
the design of a low permeability mortar mixture; to be used as a 
coating in the storage pits used as drains in the pig sheds and with 
this to reduce the excreta filtrations which cause contamination in 
the soil and groundwater. 

Keywords—Agricultural constructions, swine facilities, 
magnesium oxide, mortar, concrete, permeability. 

 

I. INTRODUCTION 
Agricultural constructions are all those structures, which 

function is associated to the works of agricultural production in 
its broad meaning, that is, in the production of crops or 
agriculture proper; in the production of various animal species; 
in the management (storage or processing) of crops and 
livestock products; as well as in the protection of machinery and 
equipment for the work of handling the species and control of 
environmental factors. 

As an example of agricultural constructions, greenhouses, 
grain warehouses, silos, crop packers, stables, poultry farms and 
swine constructions can be cited. 

The most notable feature of agricultural constructions, 
unlike industrial constructions, is that they are systems that 
almost always work with living beings, and these are affected by 
environmental factors such as space, temperature, humidity, 
radiation and wind, among others. For this reason, its study is 
interdisciplinary and its design includes functional and structural 
aspects. 

From a technical and economic point of view, agricultural 
constructions have the following fundamental objectives: 

1. Provide and / or control the environmental conditions 
required by the plant species in exploitation and 
agricultural products, for optimal production and 
conservation. 

2. Facilitate and make more efficient the operations of 
work, by man, during the production process; thus 
increasing the yield of the inputs and the capital 
invested. 

3. Provide hygienic and safe conditions on farms. 

 

In Mexico, one of the agricultural activities that has shown 
the highest growth is the production of pork. Currently our 
country is consolidated as the ninth producer worldwide with a 
share of 1.3% of the world production of pork, with a production 
of 1.45 million tons [1]. 

 

 
Figure 1. World production of pork (Thousands of tons) [1]. 

 

The increase in the production of pork has been matched to 
an increase in the size of pig farms; this situation resulted in an 
increase in the polluting capacity of this type of facility. The 
pollution generated by a swine farm affects the 
microenvironment (the farm itself) and the environment in 
general. In regards to the microenvironment, it has been shown 
that exposure to the gases produced (ammonia, hydrogen 
sulphide, methane and carbon dioxide) represents direct risks to 
the health of the workers and the pigs in exploitation. 

However, the main problem with this type of facilities is the 
contamination caused by excreta (feces + urine), since they 
represent a high risk of contamination of soil and groundwater, 



 
 
 

 

mainly due to the contribution of nitrates, which increases the 
process of eutrophication of aquifers. 

The contamination produced by the excreta is caused by the 
runoff or filtrations that take place in the constructions that are 
made for its storage [2]. 

 

II. BACKGROUND 
 

Storage pits under grilled soil is a fairly simple but effective 
system, since its function is to store the excreta to be 
subsequently emptied by gravity. The emptying of pits by means 
of gravity is the simplest and most economical method, although 
it is also emptied by pumping or by water jet. 

 

Figure 2. Storage tank drained by gravity used as drainage 
in a house for sows in maternity stage in the area of El Márquez, 
Querétaro. 

 

It is the obligation of the engineers or any authority involved 
in the design and construction of these storage pits, to use 
materials for their construction that avoid or minimize leaks or 
runoff of excreta that may occur in the pits; since in essence they 
are structures for the retention of liquids. 

Nowadays, storage pits under grilled soil (slats of concrete 
or plastic) is the most used system as drainage for the evacuation 
of excreta inside the swine houses or sheds; this system consists 
of tanks with variable capacity, generally built with partition or 
reinforced concrete for the side walls and concrete bottom, all 
covered with mortar with a polished finish to facilitate the 
movement of the excreta at the moment of being evacuated of 
the ship or shed. 

As mentioned before, one of the main elements for the 
construction of the pits is the mortar lining that is made to the 
whole pit. The mortar is a compound of inorganic binders, fine 
aggregates, water and possible additives. 

The basic regulations regarding mortars can be found in the 
complementary technical standards for design and construction 

of masonry structures of the federal district construction 
regulations, which are essentially the same as those used in all 
the construction regulations of the different federal entities. 
Make up our country the specification of the minimum 
compressive strength in mortar for masonry of artificial stones 
is 40.0 kg / cm2, while for masonry of natural stones it is 15.0 
kg / cm2 [3]. 

We also have the Mexican regulation NMX-C486-
ONNCCE-2014, which establishes the specifications and test 
methods that must be met by mortar based on cement and / or 
hydrated lime; for the construction of masonry elements for 
structural use. It is important to mention that this Mexican norm 
is applicable to mortar for structural use in masonry element, 
either pre-dosed or made on site [4]. 

Permeability in concrete or mortar is the amount of water 
that migrates through the mixture, while water is under pressure, 
or, in other words, permeability is the ability of the mixture to 
resist water penetration or other substances [5]. 

To obtain concrete mixtures or in this case of low 
permeability mortar, two stages must be considered [6]: 

1. Reduce the ratio of water and cement (W / C), 
which increases the density of the mixture. 

2. Block remaining capillary pores with permeability 
reducing additives (ARP) 

The American Concrete Institute (ACI) divides the 
permeability reducing additives into two subcategories: 

1. ARP for concrete exposed to non-hydrostatic 
conditions (ARPN). 

2. ARP for concrete exposed to hydrostatic conditions 
(ARPH) 

Depending on the manufacturer, ARPs include, but are not 
limited to, materials from families of one or more chemical 
products [7]. 

In 2017, in a study conducted at the Universidad Autónoma 
de Querétaro, some of the mechanical properties of a concrete 
mixture were investigated by destructive and non-destructive 
methods, in which magnesium oxide was used as additive and 
recycled expanded polystyrene from Waste packaging and 
packaging of electronic devices, the latter was used as a 
substitute for sands and gravel [8].In the tests carried out, all the 
samples had the same amount of cement, water and expanded 
polystyrene, with magnesium oxide being the component that 
had a variation in the percentage of each of the samples, which 
ranged from 0% to 8%. %. 

For the absorption tests at 24 hours, the results shown in 
Figure 3 were obtained. 



 

 

 
Figure 3. Results obtained in the absorption test at 24 hours 

[8]. 

 

The results shown in figure 2 indicate that the behavior of 
the mixture is inversely proportional when adding larger 
amounts of magnesium oxide, which indicates that if the mixture 
contains a higher percentage of magnesium oxide the absorption 
is lower. 

In the simple compression tests, the results shown in Figure 
4 were obtained. 

 

 
Figure 4. Average efforts obtained in simple compression 

test [8]. 

It can be seen that adding a greater amount of magnesium 
oxide to the mortar mixture directly affects the compressive 
stress, that is, the greater the amount of magnesium oxide, the 
lower the effort (kg / cm2) that supports 

Figure 5 shows a reduction in the densities of the different 
mixtures, the behavior shown is inversely proportional to 
increasing the amount of magnesium oxide in the mixture. 

 

 
Figure 5. Average densities obtained from the samples used 

in the experiment [8]. 

 

It is important to mention that magnesium oxide is a white, 
odorless, water-insoluble powder material, also known as 
magnesia, obtained from a controlled calcination process 
product of the combination with oxygen, its chemical formula is 
MgO and consists of a lattice of Mg2 + ions and O2- ions joined 
by an ionic bond, its boiling point is presented at 3,600 ° C and 
its melting point at 2,852 ° C [9]. 

 
Figure 6. Sample of magnesium oxide used in the tests carried 
out in the Universidad Autónoma de Querétaro.  

 

The current amount of magnesium oxide in nature is 
sufficient to satisfy all our needs, because magnesium is a 
mineral that is easily found in nature, its present in ocean water, 
is the third most common ion in the sea water [9]. 

 

 



 
 
 

 

III. WORK DESCRIPTION 
In this work we seek to obtain a mixture of mortar 

incorporating as sole additive the magnesium oxide and that the 
latter provides the mixture with little permeability and that the 
compressive strength is not affected and meets at least 40.0 kg / 
cm2, as it indicates in the complementary technical norms for 
design and construction of masonry structures of the regulation 
for constructions of the federal district. 

It is also sought to contribute with the mortar mixture that 
obtains the best results in the tests that will be carried out, to the 
agricultural sector. Helping with this to reduce the pollution that 
causes the production of pork. 

Destructive and non-destructive tests will be carried out on 
mortar mixtures where magnesium oxide is used as an additive 
and the same tests will be carried out in a conventional mortar 
mix. The results obtained in the samples should be compared 
with magnesium oxide and in the sample without magnesium 
oxide. 

IV. METHODOLOGY 
 

• Obtaining materials. 
To begin, we will proceed to purchase the base materials for the 
preparation of the mortar to subsequently extract the sufficient 
amount of material to carry out the evaluation of it. The 
Portland Cement shall comply with the norm N-CMT-2-02-
001-02 [10]. For the sands, it must comply with the NMX-C-
111-ONNCCE-2004 standard [11]. 
 

• Evaluation of aggregates. 
To evaluate in some way the quality of the materials, a series of 
tests will be made to the aggregates [12]. 
 

- Obtaining moisture from materials. 
- The determination of the volumetric weight, this in dry 

and loose conditions. 
- Content of organic matter in sands. 

 
• Mix design. 

Four mix designs will be tested, varying only the percentage of 
magnesium oxide, which will go from 2% to 8%. The dosages 
for mortar will be made based on the Complementary Technical 
Norms for Design and Construction of Masonry Elements for a 
type III mortar. 
 

• Preparation of specimens. 
Once having the design of mixtures will proceed to the 
elaboration of specimens; which will be: 
- Cubes of 5 cm of base and 5 cm of height, standardized 

by the ASTM standard. 
 
 
 

 

• Specimen testing. 
 

- Fluency. 
By determining this property, you can measure the plasticity 
and workability of the mortar in its freso state, this property tells 
us how easy the mortar can be distributed on a work surface or 
be expelled fluidly. 
 
The test consists of filling a standardized flow cone with the 
mortar, placing it on a flow table and on the table with a 
mechanical system it is raised and dropped 25 times from a 
height of 12.7 mm in a time of 15 seconds, all This is in 
accordance with the provisions of standard NMX-C-061-
ONNCCE [13]. 
 

- Density. 
This property is obtained by dividing the weight between the 
specimen volume, to obtain the weight a digital scale will be 
used and to obtain the volume the dimensions of the specimen 
will be measured using a vernier. 
 

- Absorption at 24 hours. 
This test will be performed only on 28-day specimens for each 
type of mixture. It consists in submerging the 3 pieces in a 
container with water at room temperature for 24 hours. 
Absorption at 24 hours is performed according to ASTM-C-67-
03 [14] and equation 1 is used. 
 

 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 =
𝑊24ℎ −𝑊𝑠

𝑊𝑠
× 100 

 

(1) 

Where: 
- W24h = Weight of the specimen after being submerged 

in cold water for 24 hours, (kg). 
- Ws = weight of the specimen in the dry state, (kg). 

 
- Simple Compression. 

For each mixture, 3 specimens will be tested at 7 days, 3 to 14 
days and 3 to 28 days. The entire procedure will be executed 
under the parameters of standard NMX-C-083-ONNCCE-2002 
[15]. To obtain the compressive strength of the specimens, 
equation 2 is used. 

 
𝑅𝑐 =

𝐹𝑐
𝑆

 
(2) 

Where: 
Rc = compressive strenght of the specimen, (kgf/cm²). 
Fc = maximum load supported during the test, (kgf). 
S = cross section of the specimen, (cm²). 
 
 
 
 
 



 

 

V. EXPECTED RESULTS 
 

When using magnesium oxide as an additive in the mortar, 
it is sought to reduce the permeability, since it is expected to 
obtain a mortar with a denser pore structure compared to a 
regular mortar. 

In addition, it is expected to obtain a minimum compressive 
strength of 40.0 kg / cm2 so that it complies with what is 
specified in the applicable building regulations in our country 
and thus be able to be used in the lining of a storage pit used as 
drainage in swine facilities. 
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Abstract— Titanium dioxide has been widely investigated, 
attempts to extend its photocatalytic activity include adding 
metallic elements on the crystalline structure. TiO2-Au 
nanopowders have been synthesized by a microwave sol-gel 
assisted method and characterized by means of spectroscopic 
methods such as X-ray diffraction and Raman spectroscopy. 
Anatase phase was detected after the calcination process and no 
rutile phase was found. 

Keywords— Titanium dioxide, sol-gel, TiO2-Au, Raman 
spectroscopy, X-ray diffraction. 

I. INTRODUCTION 
Titanium dioxide (TiO2) has been widely used and 

investigated due to the stability of its chemical structure, 
biocompatibility and its physic, optic and electric properties. Its 
photocatalytic properties have been utilized in many 
environmental applications to remove pollutants in water and 
air. The main feature of the photocatalytic process is that it 
breaks the complex organic molecules into simple molecules 
such as carbon dioxide and water, this process has been used for 
a variety of applications such as decomposition of organic 
pollutants [1]. 

 TiO2 exists as three different polymorphs: anatase, rutile 
and brookite. The most stable form of TiO2 is rutile. Anatase 
form has a crystalline structure corresponding to a tetragonal 
system and is used mostly in photocatalytic applications due to 
its photocatalytic activity under UV radiation. Rutilo form of 
TiO2 has a tetragonal structure and brookite an ortorombic 
structure [2]. 

The application of TiO2 is limited due to its low 
photoactivity under visible light. Therefore, attempts to extend 
its photoactivity to the visible region have been made by 
substitution of Ti4+ on the crystalline structure for metallic ions 
such as Fe, Ni, Co, Ag, Au, Pt, etc [3]–[8]. 

 

To design and develop TiO2-based photocatalysts that can 
operate under visible-light irradiation, modification of the 
electronic structure of the photocatalyst is indispensable. Two 
approaches are considered to control the electronic structure of 
TiO2, namely (1) modification of the electronic structure of 
TiO2 by metal doping and (2) formation of a new valence band 
by the addition of proper atoms into the lattice of TiO2 by 
nonmetal doping or formation of new binary oxides[9]. 

Sol-gel synthesis technique has been widely used for 
catalysts development, such as TiO2 nanopouders. In 
comparison to traditional techniques, it offers many advantages. 
For instance, in supported metals catalysis, the active metal and 
support can be prepared in a single step. This allows an economy 
in the catalyst preparation [10]. 

II. EXPERIMENTAL 

A. Synthesis of titanium dioxide 
The synthesis of the TiO2 powder was carried out by 

dissolving the titanium precursor (titanium isopropoxide, 97% 
Aldrich, TTIP) in an organic solvent (isopropanol, 99.9%, J. T. 
Baker), the titanium solution was magnetically stirred for 20 min 
under nitrogen atmosphere. The hydrolysis process was then 
performed by adding water into the precursor/solvent solution 
and was magnetically stirred for 1 h in a dark box. For the gold 
modified TiO2, the precursor (Gold(III) chloride hydrate, 99% 
Aldrich) was added by dissolving it into the water used for the 
hydrolysis process. The obtained sol was transferred into teflon 
vessels and placed on a microwave reaction system. The heating 
procedures were carried for 30 min at 210 °C. The obtained 
product was filtered and dried at room temperature for 12 h. A 
calcination process was carried out at 450 °C for 3 h to promote 
the anatase form of TiO2. 

B. Physicochemical characterization 
X-ray diffraction analysis (XRD) were obtained using a 

Bruker D8 advanced diffractometer equipped with a Cu seal 
tube to generate Cu Kα radiation (λ = 1.5406 A) within the 
Bragg angles 10 < 2θ < 80° in steps of 0.01°. Raman 
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spectroscopy measurements were acquired with LabRAM HR, 
Horiba Scientific equipment with a Nd:YAG laser (λ = 532 nm, 
output power of 80 mW). The samples were analyzed with a 
power of 6 mW over an area with a diameter of 1.5 µm using a 
microscope on 10X objective. The laser spot was focused on the 
sample surface using a long working distance 50x objective. All 
spectra were recorded over several regions and were referenced 
to the silicon line at 520 cm-1. 

III. RESULTS AND DISCUSSION 

A. X-ray diffraction (XRD) 
X-ray diffractions patterns were recorded to study the 

formation of TiO2 crystalline species. The diffraction peaks 
detected after the calcination process indicates the presence of 
the crystalline anatase phase (2θ = 25.33 °,37.82 °,48.08 °,53.93 
°,62.75 °) and no presence of rutile phase (2θ = 27.46 °,36.11 
°,41.27 °,54.37 °,69.07 °) was observed. For the Au-TiO2 
samples (Fig 1), no peaks of metallic gold in 2θ (38°, 44.2°, 
64.4°, 77.2°) were detected. As can be seen from the XRD 
patterns crystallinity of the photocatalyst decreased on gold 
doping. 

 
B. Raman Spectroscopy 

Another technique widely used to characterize the various 
polymorphs of TiO2 is Raman spectroscopy. Some advantages 
of using this technique are the sample preparation and the 
simplicity with which each spectrum is collected [11]. For 
anatase, characteristic vibration modes are located at 144, 197, 
399, 515, and 639 cm-1. For rutile, there are four modes at 143, 
235, 447, and 612 and a broad band at 826 cm-1. Brookite has 
36 vibration modes, some of them located at 132, 138, 152, 197, 
212, 245, 278, 325, 370, 406, 457, 500, 550, 587, and 630 cm-
1. The most in-tense vibration mode for anatase is at 144 cm-1, 
and the weakest for rutile is at 143 cm-1. 

 
 Figure 2 shows the Raman spectra for samples synthetized 
at different dopant load. In order to make identification of the 
vibration modes easer, the spectra were arbitrarily displaced on 
the vertical axis. Au-loaded samples show a spectrum with well-
defined vibration modes assigned to anatase (144, 197, 399, 515 
and 639 cm-1) and no characteristic vibration modes of rutile or 
brookite were observed. 

IV. CONCLUSIONS 
It is possible to synthesize a crystalline and highly oriented 

TiO2-Au powder via microwave assisted sol-gel synthesis, 
besides, according to the characterization, the samples contain 
only anatase phase. 
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ABSTRACT 

In this work we present four methods for evolutionary algorithms; Memetic 
Algorithms, Evolutionary Strategy Algorithm, Differential Evolution and 
Evolutionary Programming. The main purpose is to show a comparison between 
these methods to optimize a function.We present a brief description of each 
method, as well as the graphs obtained and a comparative table of time and the 
number of generations carried out to achieve the desired optimization,   
in order to choose one to solve a problem that you want.  

KEYWORDS: methods; evolutionary; algorithms; memetic; strategy algorithm, 
differential evolution; evolutionary programming. 

 
I. INTRODUCTION  

 
Evolutionary algorithms are methods used for optimizationandthey try to find solutions.These 
methods are based on the theory of evolution, start with a random set of individuals, called first 
generation,that represent a possible solution to the problem posed. Individuals can be modified 
through operations commonly called crosses or mutations.The crosses consist of the mixture of 
the information of two or more individuals andthe mutation is a random change in the information 
of the individuals.To generate a new generation we proceed to a selection of original individuals, 
crossed or mutated, this new generation, represents a possible solution to the problem. The 
selection also obeys the theory of evolution, so the new generations represent more appropriate 
solutions to the problem, in this way the set tends to improve gradually.  

In this work we present four methods for evolutionary algorithms; Memetic Algorithms, 
Evolutionary Strategy Algorithm, Differential Evolution andEvolutionary Programming. The 
main purpose is to show a comparison between these methods to optimize a function.We present 
a brief description of each method, as well as the graphs obtained anda comparative table of time 
andthe number of generations carried out to achieve the desired optimization,  
in order to choose one to solve a problem that you want.  
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II. THE METHODS 
 

MEMETIC ALGORITHMS 

Memetic Algorithms are based on metaeuristic populations composed of an evolutionary 
framework and a collection of local search algorithms that are activated with each generation of 
the external framework. 

The functionality is based on the term "meme", which denotes the equivalent to the 
evolutionary context of the genes. Some examples of memes are: ideas, fashion, melodies, 
slogans or sayings, among others. These memes are propagated in brain-to-brain populations, 
using imitation(Neri and Cotta, 2012). 

This characterization of meme proposes a cultural evolutionary process, information is 
not simply transmitted; it is improved depending on the communication between the pairs. This 
improvement is achieved through techniques of local search algorithms, specialized in 
recombination operators. In general terms, memetic algorithms can be interpreted as search 
strategies in which the population is optimized by agents of cooperation and competition(Neri and 
Cotta, 2012). 

ALGORITHM IN PSEUDOCODE 
1 Function Memetic_Algorithm (in P: Problem, inpar: Parameter): Solution; 
2 start 
3  |      population ⇽ Start (par, P); 
4  |      repeat 
5  |          |     newpop1 ⇽ Cooperate (pop, par, P); 
6  |          |     newpopo2 ⇽ Improve (newpop1, par, P); 
7  |          |     pop ⇽ Compete (pop, newpop2); 
8  |          |     if Converge (pop) then 
9  |          |      |        pop ⇽ Restart (pop, par); 
10 ||     end if 
11 |        while Term_criterion (par); 
12 |        return Get_best (pop, 1); 
13 end 

Created by Neri and Cotta, 2012. 

Line 3 of Algorithm, represents the function to initialize the population of the first 
generation, agents are usually generated (as individuals are called in memetic algorithms) in a 
random manner. The agents are evaluated according to their cost function (health function). Local 
search procedures can be included at this time to debug the first generation. Subsequently (line 7) 
crossing algorithms are integrated between the best selected parents using recombination or 
mutation (or even both). At this time, a new population is obtained, with agents already improved, 
the previous population is replaced, generating the second generation. The mutation algorithms 
can be random or endowed with information that depends on the same problem to solve. 
Subsequently, the population is reconstructed to obtain a complete population, and the population 
is evaluated to see if it was degraded (line 8), if so, it is restarted. A typical strategy in this step is 
to maintain a fraction of the current population, generating new solutions (random or heuristic), to 
complement the population. All the above procedure is repeated until a term criterion is met (line 
11). At the end of the algorithm, an optimized population is obtained. 



 

EVOLUTIONARY STRATEGY ALGORITHM 

 
On July 1, 1858, Darwin presented his controversial Theory of Natural Evolutionat the Linnean 
Society of London. Currently, the neo-Darwinian paradigm of evolution holds that the 
evolutionary mechanism of species and individuals is supported by four main processes:  
reproduction, mutation, competition and selection, often summarized in the phrase "survival of 
the fittest and strongest" (Hernández et al., 1998a). 
 

The method of evolutionary strategies was developed in 1964 by a group of German 
engineering students led by Ingo Rechenberg and Hans-Paul Schwefel. Its objective was to solve 
hydrodynamic problems of a high degree of complexity. 

 
 The original version  1 + 1 − 𝐸𝐸he used only one father and with him one son was 
generated. This son was maintained if he was better than the father, otherwise it was eliminated 
(his type of selection is called extinctive, because the worst individuals have a zero probability of 
being selected). 
 
In the version  1 + 1 − 𝐸𝐸, a new individual is generated using the algorithm: 

𝑥𝑡 + 1 = 𝑥𝑡 + 𝑁(0, 𝜎), 
Where, t refers to the generation (or iteration) in which we are, and 𝑁(0, 𝜎)is a vector of 
independent Gaussian numbers with a mean of zero and standard deviation𝜎 (Hernández et al., 
1998b). 
 

In 1973 Rechenberg introduced the concept of population, by proposing an evolutionary 
strategy called  𝜇 + 1 − 𝐸𝐸, in which there are μ parents and a single child is generated, which 
can replace the worst father of the population (Botelloet al., 2007). 
 

REPRESENTATION 
 

Chromosomes are made up of three parts: 
Target variables:𝑥1, 𝑥2,…  , 𝑥𝑛  
Control variables: 𝜎1,𝜎2,…  , 𝜎𝑛 ;  𝛼1,𝛼2, …  , 𝛼𝑛  
Full size: 𝑥1,𝑥2,…  , 𝑥𝑛 ,𝜎1, 𝜎2,…  , 𝜎𝑛 ,𝛼1, 𝛼2,…  , 𝛼𝑛  

 
MUTATION 
 

The mutation is the main operator of the evolutionary strategies,consisting in altering a variable 
by means of a random number, and it is these mutations that carry out the essential search. First 
the control variables must be mutated, and then the target variables. 
 

Mutations of the target variables are made by adding a random number with normal 
distribution with zero mean and standard deviation corresponding to the value of the control 
variable. The use of mutations with normal distribution has the purpose that small changes are 
more likely than large ones (Bartholomew, 2008). 

 
 
 

 



RECOMBINATION 
 

The recombination operators of the evolutionary strategies can be: 
 
Sexual: the operator acts on randomly chosen individuals from the parent population. 
 
Panmíticos: a single father is chosen at random, and it remains fixed while a second father (from 
the entire population) is chosen at random for each component of its vectors (Cuevas et al., 2016). 

 
For the two forms of recombination the same numerical variants are available to make them. 
These are: 

 
Discrete recombination: Each parameter takes the value of one of the parents chosen at random. 
 
Intermediate: We have 𝑥1 and 𝑥2 parents, then, the son is given by 

𝑥 = (𝑥1 + 𝑥2)
2  

Generalized: We have 𝑥1 y 𝑥2 parents, then, the son is given by 
𝑥 = 𝑥1 + 𝜂 𝑥1 + 𝑥2 , where η is a random number in the range  0,1 .  
 
Intermediate widespread panmítica: they take 𝑛 + 1  parents randomly from the population, 
considering the parents  𝑥𝑟2𝑖𝑛 , 𝑥𝑟1𝑖  and they generate  𝑛 values of 𝑋: 

𝑥 ′𝑖 = 𝑥𝑟1𝑖 + 𝑋𝑛 ∗ (𝑥𝑟2𝑖𝑛 − 𝑥𝑟1𝑖), 𝑖 = 1,2, …  , 𝜆  y 𝑛 = 1,2,… , 𝑑 
 
SELECTION OF SURVIVORS 

 
It is applied once λ children of the μ parents are created using mutation and recombination. 
Deterministically the worst are eliminated. The basis of the selection is any of: 
The set of children only: 𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛 −  𝜇, 𝜆  
The set of parents and children: 𝑠𝑒𝑙𝑒𝑐𝑡𝑖𝑜𝑛 − (𝜇 + 𝜆) 
 

ALGORITHM IN PSEUDOCODE 
1 Configure algorithm parameters 
2 Initialize and evaluate initial population 
3 While (criterion is not met) 

𝐹𝑜𝑟 (1 ∶ 𝜇) 
4 Select 𝑝 parents, strategy parameters. 
5 Select𝑝 parents, decision parameters.  
6 Recombine strategy parameters 
7 Recombine decision variables 
8 Mutate strategy parameters 
9 Mutatedecision variables 
10 Select the new parents from the population of children and from the parent 

population. 
11 Show result 
 

DIFFERENTIAL EVOLUTION 

The Differential Evolution optimization algorithm is a direct and simple search population 
algorithm, which is able to optimize until reaching the global optimum in multimodal, non-



differentiable and non-linear functions. It was proposed by Keneth Price and Rainer Storn in 
1995. 

The differential mutation is initiated when starting a generation of parameter vectors; A 
new vector of parameters is generated by the addition of the weighted difference between two 
members of the population with a third member. 

This evolutionary algorithm attacks the initial point of any problem by sampling the 
objective function on multiple randomly selected pieces. 

The stages for the development of the algorithm are: initialization of a population, 
mutation difference, crossing between the mutant individuals and non-mutant individuals to 
increase the diversity of the population and finally, the selection process commonly using a 
Greedy criterion. 

The population is realized with real values. The algorithm will mutate at random, 
selecting vectors to produce an intermediate population of 𝑁𝑝mutant vectors𝑣𝑖.Each vector in the 
current population will then be recombined with a mutant vector to produce a test population𝑃𝑢  of 
𝑁𝑝  mutant vectors 𝑣𝑖. 

 
INITIALIZATION 
 

It is required to establish the lower and upper limits for each parameter. A random number 
generator is established: 

𝑥 = 𝑏 + 𝑟𝑎𝑛𝑑 0,1 ∗ (𝑏𝑠𝑢𝑝 − 𝑏𝑖𝑛𝑓 ) 
MUTATION 
 

The mutation operator is used to provide exchange information among the different candidate 
solutions found, in order to recombine the previous population to produce a new population of 
𝑁𝑝 test vectors, this procedure is known as differential mutation. 

The differential mutation adds the difference scaled and randomly sampled, between two 
vectors belonging to the population, to a third vector of the same: 

𝑣𝑖 =  𝑣𝑖 = 𝑥0 + 𝐹 𝑥1 − 𝑥2 𝑖𝑓 𝑟𝑎𝑛𝑑 0,1 ≤ 𝑀
𝑥𝑖 𝑜𝑡𝑕𝑒𝑟𝑤𝑖𝑠𝑒

  

The mutation parameter must always be equal to 1 − 𝐶𝑅, where 𝐶𝑅 is the crossover 
parameter. If the number is less than or equal to the value of 𝑀, the test parameter is inherited 
from the mutant vector 𝑣𝑖, if this is not fulfilled, then the parameter is copied from the original 
vector 𝑥𝑖. 

The scaling factor controls the proportion in which the population will evolve. A value of 
0.4 to 0.8 is suffered. 

CROSS 

The crossover operation between the mutant vector 𝑣𝑖 and the original individual 𝑥𝑖 is applied. 
As a result, the test vector u is obtained: 

𝑢𝑖 =  𝑣𝑖 𝑖𝑓 𝑟𝑎𝑛𝑑 0,1 ≤ 𝐶𝑅
𝑥𝑖 𝑜𝑡𝑕𝑒𝑟𝑤𝑖𝑠𝑒

  



If the number is less than or equal to the value of CR the test parameter is inherited from 
the mutant vector 𝑣𝑖, if this is not fulfilled, then the parameter is copied from the original vector 
𝑥𝑖. 

SELECTION 

Finally, a Greedy selection method is used to find the best solutions by determining if the new 
element produced by the mutation and crossing operations is better than its previous one: 

𝑥𝑖 =  𝑢𝑖 𝑖𝑓 𝑓 𝑢𝑖 ≤ 𝑓 𝑥𝑖 
𝑥𝑖 𝑜𝑡𝑕𝑒𝑟𝑤𝑖𝑠𝑒

  

ALGORITHM IN PSEUDOCODE 
1 Parameter initialization:𝑔 ← 0,𝑀 ← 0.2, 𝐶𝑅 ← 0.8 
2 Initialization of the population in the function limits:𝑥1 ← 𝑟𝑎𝑛𝑑𝑜𝑚, 𝑥2 ← 𝑟𝑎𝑛𝑑𝑜𝑚  
3 𝑊𝑕𝑖𝑙𝑒  𝑔𝑚𝑎𝑥  
4 𝐹𝑜𝑟 𝑖 = 0; 𝑖 = 𝑁𝑝; 𝑖 + +  
5 𝑟1 ←  𝑟𝑎𝑛𝑑 𝑁𝑝 , 𝑟2 ←  𝑟𝑎𝑛𝑑 𝑁𝑝 , 𝑟3 ←  𝑟𝑎𝑛𝑑 𝑁𝑝  
6 𝑖𝑓 𝑟𝑎𝑛𝑑 0,1 < 𝑀 
7 𝑢𝑖 ←  𝑥0 +  𝐹(𝑥1 − 𝑥2) 
8 𝑒𝑙𝑠𝑒 (𝑢𝑖 −  𝑥𝑖) 
9 𝑖𝑓 (𝑟𝑎𝑛𝑑(0,1)  <  𝐶𝑅) 
10 𝑦𝑖 ←  𝑢𝑖𝑧 
11 𝑒𝑙𝑠𝑒 (𝑦𝑖 ←  𝑥𝑖) 
12 𝑔 ←  𝑔 + 1 

 
 

EVOLUTIONARY PROGRAMMING 

Evolutionary programming(EP) it was invented by Lawrence Fogel, along with his companions 
Al Owens and Jack Walsh in the 60’s. The method evolves a population of individuals, but does 
not involve recombination, the new individuals are created only by mutation. The original 
evolutionary programming method makes use of uniform random mutations based on discrete 
alphabets. This approach remained unused for approximately thirty years. Then, in the 80’s, Fogel 
extended the evolutionary programming for applications involving problems of optimization of 
continuous parameters. 
 
Evolutionary programming to optimize continuous parameters has many similarities with 
evolutionary strategies: the mutations are normally distributed and the more elaborate versions of 
evolutionary programming incorporate the variances of mutations, facilitating the self adaptation 
of these parameters. 
 
There are five variants of evolutionary programming, in this work we will use a program based on 
continuous evolutionary programming.  
 
PROGRAMACIÓN EVOLUTIVA CONTINUA 
 
Suppose we want to minimize 𝑓(𝑥), where 𝑥 is a vector from 𝑛 dimension. Assume that 𝑓(𝑥) ≥
0 for all  𝑥. An EP starts with a randomly generated population of individuals  𝑥𝑖 , 𝑖 ∈ [0,𝑁]. 
Children are created with the equation: 
 



𝑥𝑖
′ = 𝑥𝑖 + 𝑟𝑖 𝛽𝑓 𝑥𝑖 + 𝛾𝑖 , 𝑖 ∈ [1,𝑁] 

 
where 𝑟𝑖  is a vector from 𝑛 random elements, where each element is taken from a Gaussian 
distribution with an average of 0 and a variance of 1, 𝛽 and 𝛾 they are tuning parameters. The 
variation of the mutation of 𝑥𝑖  is  𝛽𝑓 𝑥𝑖 + 𝛾 . With 𝛽 = 0, all individuals have the same 
average magnitude of mutation. With 𝛽 > 0 an individual with a low cost does not change as 
much as an individual does with a high cost. Usually 𝛽 = 1 y 𝛾 = 0 are used as predetermined 
magnitudes. After the equation generates 𝑁 new individuals, we have 2𝑁 individuals:   𝑥𝑖  y 
 𝑥𝑖

′ . The best ones are selected 𝑁 of these 2𝑁 individuals to form the population of the next 
generation. 
 

ALGORITHM IN PSEUDOCODE 
Select non-negative 𝐸𝑃 parameters 𝛽 and 𝛾. 
Nominally 𝛽 = 1 and 𝛾 = 0 

 𝑥𝑖 ←  𝑟𝑎𝑛𝑑𝑜𝑚𝑙𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 , 𝑖 ∈ [1, 𝑁] 
While not (termination criterion) 
            Calculate the cost 𝑓(𝑥𝑖) of each individual in the population  
            For each individual 𝑥𝑖 , 𝑖 ∈ [𝑖, 𝑁] 
                            Generate a random vector 𝑟𝑖  with each element ~𝑁(0,1) 

𝑥𝑖
′ ← 𝑥𝑖 + 𝑟𝑖 𝛽𝑓 𝑥𝑖 + 𝛾 

            Next individual  
 𝑥𝑖 ← 𝑏𝑒𝑠𝑡 𝑁 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑓𝑟𝑜𝑚  𝑥𝑖 , 𝑥𝑖

′  
Next generation 

 

SELECTION OF THE NEW GENERATION 

We will use the selection by rank, this selection orders individuals in the population from best to 
worst and make the selection using the classification instead of the absolute values of adjust.  

 

III. RESULTS TO MINIMIZE THE FUNCTION 

 A function with restrictions, shown below, will be minimized. The algorithm will be 
implemented in the Matlab software (Mathworks, R2016b). 

Minimize: 

𝑓 𝑥  = (𝑥1 − 10)3 + (𝑥2 − 20)3                                                    (1) 

restricted to: 

𝑔1 𝑥  = − 𝑥1 − 5 2 −  𝑥2 − 5 2 + 100 ≤ 0                                          (2) 

𝑔2 𝑥  =  𝑥1 − 6 2 +  𝑥2 − 5 − 82.81 ≤ 0                                            (3) 

where: 

13 ≤ 𝑥1 ≤ 100  y  0 ≤ 𝑥2 ≤ 100                                                   (4) 

 



MEMETIC ALGORITHMS 

To exemplify the use of memetic algorithms. The program developed in the software interface is 
given by the code described below: 

We can emphasize that the design parameters consisted of a population of 100 
individuals, 100 points for each unit of the range of values that the independent variables can 
take, the variables will be subject to penalties according to the violations of the restriction 
functions. 

The results of the execution of the algorithm are shown. 

Minimization results. 
Solution -7973 
Parameters 13     0 
Time of processing 0.0724 s 

 

Some graphic results of the implemented algorithm are shown in the following images: 

 

 

 



EVOLUTIONARY STRATEGY ALGORITHM 

Some graphic results of the implemented algorithm are shown in the following images, the best 
value of the function with restrictions is: -7964 which is presented in iteration # 28. 
 

 

 

DIFFERENTIAL EVOLUTION 

The parameters are the following data: 
𝑔𝑚𝑎𝑥 = 150;            Number of iterations / Generations 
𝑁𝑃 = 100;              Number of individuals / Population 
𝑑 = 2;                 Dimension of the solutions space 
𝑙 = [13    0];            Lower limits of the variables 
𝑢 = [100    100];         Upper limits of the variables 
Differential Evolution, Values of constants  

𝐹 = 0.8; Escalation factor 



𝐶𝑅 = 0.8; Cross Rate 
𝑀 = 1 − 𝐶𝑅; Mutation rate 

The results in Matlab were the next numbers: 
𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑜𝑟 𝑥1, 𝑥2: 13.67, 0 

𝑓(𝑥): -7951 
 

The results are represented in the following drawings: 

 

 

 



EVOLUTIONARY PROGRAMMING 

Using a population of 200 individuals and 100 generations of calculation, with a calculation time 
of 29.68 seconds, the following results were obtained. 

The behavior of the cost of the function throughout the generations obtained the following graphs. 

 

It is possible to observe that a solution which complies with the restrictions is obtained only in 
generations 6 to 8, period in which the best solution is obtained with a minimum value of the 
function for -5946.51.It is observed that the solution diverges when using this type of selection by 
ranking, where it is observed that the average of violations increases with increasing generations, 
while the minimum value of violated restrictions is 1 in practically all generations.So it was not 
possible to obtain a functional solution using a smaller number of generations for this function. 
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ABSTRACT 

The rheological characterization of an almond butter in order to 
know the type of fluid that it belongs was done. This almond butter 
was also compared with a similar product present in the market. 
Studies were made in a rheometer in the steady state for the samples 
as well as the shear stress tests. The product presented a non 
Newtonian behavior that correspond a pseudoplastic fluids.   The 
comparison with the commercial product, indicate a similar behavior 
for the both. The rheological characteristics that show the prototype 
of almond butter suggest that the organoleptic attributes will be 
acceptability to the consumer public. 

Keywords— Rheology; almond butter; pseudoplastic fluid 

 

I. INTRODUCTION 
 

The nuts and seeds are mainly composed of oils, which in a 
grinding process can be released [1] [2]. Almonds belong to the 
genus Prunus and the subgenus Amygdalus within the family 
Rosaceae. Almond cultivated is designated as Prunus dulcis 
(Miller). The almonds contain dietary fiber, vitamin E, 
phytosterols and several micronutrients that contribute to a 
healthy nutritional profile [3][4][5]. 

The rheological characteristics of a fluid are one of the 
essential criteria for product development in industry [6], Which 
determine the functional properties of some substances and are 
involved in controlling the quality of products. For oil-based 
butters is essential to know the behavior of those present because 
depend on the organoleptic characteristics of the same [7] 

The objective of the present work is to analyze the 
rheological parameters of an almond butter and comparing it 
with a commercial product with similar characteristics. 

 

 

 

II. MATERIALS AND METHODS  

A. Development of almond butter 

We used a almond butter (MA) which was prepared based on 
the methodology proposed by Lima and Guraya [8], for the 
creation of a sunflower seed butter. 

The almonds are crushed with a food processor HamiltonBeach 
at high speed. The samples were stored in plastic bottles at a 
temperature of 4°C for later analysis. It was used as a control 
for the comparison a hazelnut cream with chocolate (NMC). 

 

B. Rheological analysis of almond butter 
Rheological measurements were performed in a Modular 
Compact Rheometer Anton Paar, with the RheoplusmV3.62 
program using parallel plate geometry PP25 / P2 at a constant 
temperature of 25 ° C.  
 

C. Viscosity measurements constant shear (steady state) 
The behavior of shear viscosity of almond butter and the 
commercial product was studied as a function of increasing 
shear rate in the range 0.5 to 30 s-1. 
 

III. RESULTS AND DISCUSSION  
 

A. Rheological analysis of almond butter. 
  Rheological tests steady state  

 
Fig. 1, shows the results of the rheological tests of steady 

state for almond butter, as can be seen the viscosity of the 
samples tend to decrease with increasing shear rate, typical 
behavior of fluids non-Newtonian. As reported in [5][6][9]. 
Similar behavior to the sample used as control. 

The initial viscosity of the commercial sample is higher 
compared to the sample MA (fig.1), this is maybe that products 
are used various additives, thickeners and emulsifiers for 
increasing the viscosity and thus it is more desirable to the 
consumer. The almond butter used for this study was not added 
any type of additive to improve its characteristics. 



 
 
 

 

 

 

 

1 10
10

100

V
is

co
si

ty
 [P

a*
s]

Shear rate [1/s]

 MNC
 MA

 
Fig. 1. viscosity of the samples of sample MA and NMC Control 

 
 

Fig. 2 shows the shear stress and the deformation rate which 
is known as flow curve where indicate, according to the form 
of the curve, fluid type to which the samples belong, as can be 
observed the behavior of the sample MA presents a similar 
behavior to the sample used is shown NMC as control. Based 
on the types of fluid behavior reported by [7][9] it was observed 
that the behavior of samples matches to pseudoplastic. 
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Fig. 2. Test shear stress applied to the MA and the NMC. 

 

 
The relationship between shear stress and shear rate for non-

Newtonian fluids is not linear [7]. The almond butters present a 
pseduplástics behavior belonging to the non-Newtonian fluids. 
Such fluids are characterized by a decrease in viscosity and shear 
stress with respect to strain rate. These characteristics being 
important for acceptance and product quality [10]. 

 

IV. CONCLUSIONS 
The rheological study showed that the almond butter is a non 
Newtonian fluid and it correspond with the behavior of a 
pseudoplastic fluid.  
The prototype of the almond butter that is done and the NMC 
presented a similar behavior in the rheological tests. 
 
The above explain, suggest that the prototype presents the 
organoleptic characteristics of texture similar to existing 
products on the market. The texture is a very important attribute 
for this type of food products. 
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