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Abstract

The National Water Commission (CONAGUA),
determined that in Mexico approximately 10% of the
population does not have water in their homes. In
addition, Mexico is the country that consumes the most
bottled water in the world, although there are
communities that do not have water for their
consumption. This research proposed a drinking water
distribution network coupled to a disinfection plant for
low-income communities in Mexico. It was carried out
using a mixed methodology, applying quantitative
techniques to find out the number of people without
drinking water service in Mexico and qualitative ones to
determine the best option of materials, purification
method and type of supply. However, certain parameters
must be met in the communities such as the maximum
number of 1200 inhabitants for this option to be viable.
This research served as a base project for implementation
in remote communities and that will be proposed to
government agencies and projects.

Drinking water, Distribution, Nanofiltration

Resumen

La Comision Nacional del Agua (CONAGUA),
determind que en México aproximadamente el 10% de la
poblacion no tiene agua entubada en sus hogares.
Ademas, México es el pais que mas consume agua
embotellada en el mundo, no obstante, existen
comunidades que no cuentan con agua para su consumo.
Esta investigacion propuso una red de distribucion de
agua potable acoplada a una planta de desinfeccién para
comunidades de bajos recursos en México. Se realizd
mediante una metodologia mixta, aplicando técnicas
cuantitativas para saber el numero de personas sin
servicio de agua potable en México y cualitativas para
determinar la mejor opcion de materiales, método de
purificacion y tipo de suministro. Sin embargo, se deben
cumplir ciertos pardmetros en las comunidades como el
nimero maximo de 1200 habitantes para que esta opcion
sea viable. Esta investigacion sirvié como proyecto base
para implementacion en comunidades apartadas y que se
buscara proponer a dependencias y proyectos de
gobierno.

Agua potable, Distribucién, Nanofiltracion
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1. Introduction

Water is an essential liquid for life and the
development of society, it is used for industrial,
domestic, and human consumption purposes.
World Health Organization [WHO]. (2013) and
Boadi, N. et al. (2020). More than 7,000 million
people live in the world today. United Nations
[UN]. (2016). However, 2 billion people
(approximately 28% of the world population)
lack access to drinking water services since
population growth has accelerated and the
technical difficulties to carry out this work have
increased. United Nations [UN]. (2020).
Furthermore, the sources of drinking water have
diminished due to anthropogenic effects such as
deforestation,  human  settlements  and
agriculture. Boadi, N. et al. (2020). Therefore,
one of the challenges facing the world today is
providing drinking water services to the
population. United Nations [UN]. (2020).

In Mexico the population that has this
service has increased since 1990, where 75% of
the population had piped water, until 2015
where more than 90% have this service.
Comision Nacional del Agua [CONAGUA].
(2018). However, as coverage increases, the
water supply becomes more complex. Comision
Nacional del Agua [CONAGUA]. (2019) and
Lépez, P. (2019).

Additionally, Mexico is the country that
consumes the most bottled water in the world.
Paullier, J. (2015). This is because the water
travels long distances to reach its destination,
which means that it passes through several
sections of pipes, which can contaminate the
water, carrying impurities in its path. Added to
this, many families store water for their homes
in places that are not properly cleaned.
Therefore, the population in Mexico prefers to
consume bottled water before that supplied in
their homes, however some communities do not
have water to drink.

The objective of this research is to
propose a drinking water distribution network
coupled with a sustainable disinfection system
to supply water for homes and human
consumption in communities with a population
of maximum 1,200 inhabitants.
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It seeks to improve the quality of life of
its population with a safe and sustainable water
service, for which a disinfection system was
proposed that used renewable energy sources
for its operation. El Ghzizel, S. et al. (2020).
However, to adequately achieve the supply,
different factors such as water chemistry,
choice of materials for the network and the
location of the distribution tank must be taken
into account, because by omitting the
importance of these factors, the population is
exposed to problems of Health. Alvarez, C. et
al. (2013) and Moskvicheva, E. et al. (2016). In
this way, it is possible to supply drinking water
to communities in need of this service in
Mexico.

2. Methodology

This article uses a mixed investigation,
applying quantitative and qualitative methods in
systematic processes, using books, manuals,
articles, and web pages as sources of
information. Due to the lack of potable water
distribution in low-income areas in Mexico, this
research proposed a potable water distribution
network coupled with a disinfection system for
these communities. The quantitative approach
is necessary to obtain the maximum number of
inhabitants of the population to supply.

However, the qualitative approach was
used to select the type of network distribution,
examine the health damage caused by water
with inappropriate chemistry for consumption,
and determine the advantages of the proposed
purification system. In this way, it was possible
to propose a water distribution network coupled
with a disinfection system for communities
with a population of fewer than 1200
inhabitants in Mexico, to improve the quality of
life of its population and the development of
said communities. Hernandez, R. et al. (2010).

3. Distribution of water

Water for domestic use is transported through a
distribution network, which is the union of
pipes, special components, and accessories. Its
objective is to lead the water from the service
tanks to a household outlet or public hydrants.
This network must supply drinking water all the
time at the pressure, quantity, and quality
necessary to satisfy the daily needs of the
population.
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The specifications of the water to be
considered potable are in the Norma Oficial
Mexicana NOM-127-SSA1 current. Comision
Nacional del Agua [CONAGUA]. (2019).
Figure 1 shows a diagram of a water supply
system.
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Figure 1 Water distribution network
Comision Nacional del Agua [CONAGUA]. (2019)

One of the main factors for the design of
the distribution network is the choice of pipe
material, for this, factors such as durability,
corrosion, economy, ease of connection and
repair, but especially, the conservation of the
water quality. The World Health Organization
generated guidelines for the quality of drinking
water, where the risks associated with the
microbial hazards present in the water are
evaluated and the requirements to guarantee the
safety of the water are explained, including the
minimum procedures and specific reference
values, and how those requirements should be
applied. World Health Organization [WHO].
(2006). Table 1 shows the advantages and
disadvantages of the materials most used in the
manufacture of pipes.

Material Advantage Disadvantages ‘

Steel High strength, lighter|It is susceptible to
than the iron pipe, easy | crushing and  presents
to transport and install. | corrosion since it is a
metallic material.

Iron High service life, it's the | It can suffer electrical or
Ductile |way of welding is|chemical corrosion, their
economical, mechanical | weight creates difficulties
resistant, and requires | in handling and they are

relatively little |not ~ manufactured in

maintenance. Mexico, therefore they
imply costs and import
procedures.

High resistance  to| It can be easily damaged
corrosion, it is a light | during transport, it reduces
PVC and flexible material, it | its resistance if it is at 0 °
has good tensile|C and the working
strength, it is easy to |pressure must be reduced
install and it does not|if it is at a temperature
affect the quality of the | higher than 25 ° C.

water.

Table 1 Advantages and disadvantages of pipe materials.
Comision Nacional del Agua [CONAGUA]. (2019)
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Therefore, considering the advantages
and disadvantages, the material that offers the
best conditions according to its advantages and
disadvantages is PVC. On the other hand, there
are different ways of supplying water to users
depending on local conditions, the two main
ones are by gravity and by pumping, however,
in some cases, a mixed-method can be used.
Comisién Nacional del Agua [CONAGUA].
(2019). Currently, most of the works of
distribution networks in urban areas are done to
improve or expand existing networks. The
generation of new works to supply the service
to new or isolated places is minimal. Comision
Nacional del Agua [CONAGUA]. (2019).

4. Distribution network design

The first factor to consider when designing a
distribution network is the source of water to
supply the network. Communities may have
surface or underground sources of water,
therefore a geophysical study is necessary to
determine the source of water to supply the
distribution network. For underground sources,
the water intake from the network must be
through a well. On the other hand, for surface
sources, the water can be obtained through
rivers or springs. On the other hand, it is
necessary to identify if the terrain in the area is
flat or has irregular heights, which will
determine whether the type of distribution of
the network will be by gravity or mixed (by
gravity and pumping). Therefore, the idea is to
locate the distribution tank in a high area, in
this way the water can be conducted by gravity
to the population. However, a mixed
distribution can be used, since the conduction to
the tank can be carried out by pumping,
subsequently, the water is supplied from the
tank to the users using gravity. Comision
Nacional del Agua [CONAGUA]. (2019).
Figure 2 shows a diagram of a mixed-type
water distribution system.

Piezometric line

Population to supply

]

Water Pump Water Pump

Water Tank

Figure 2 Diagram of a mixed-type water distribution
system
Comision Nacional del Agua [CONAGUA]. (2019)
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The capacity of the tank is based on the
maximum daily expenditure and the demands
of the area, it can be obtained by graphical or
analytical methods. It is important to consider
the feeding time of the supply sources to the
tank, storing the water in the hours of low
demand to distribute it in the hours of high
demand.

In addition, a volume of water reserved
for emergencies such as network failures or
repairs must be taken into account. Comision
Nacional del Agua [CONAGUA]. (2019). To
determine the location and layout of the pipe
network for the distribution system, a field
survey is required.

The design of the conduction and
distribution lines must be defined taking into
account the existing roads of the community
and avoiding crossing private properties. For
what is shown in Table 1, a PVC pipe is
recommended over the other materials for the
distribution network, since this material is light
and flexible, resistant to corrosion and stress,
presents low friction losses since the inner wall
is smooth and does not affect the quality of the
water.  Comision  Nacional del Agua
[CONAGUA]. (2019).

On the other hand, for remote
communities, this material is feasible because it
is inexpensive, easy to install, and requires less
maintenance than other materials. The quality
of drinking water is necessary for good health.

The guarantee of the microbial safety of
the drinking water supply is based on the
application of multiple barriers to avoid or
reduce the contamination present in the water to
levels that are not harmful to health, for
example, nitrate content less than 50 mg / L,
chlorine less than 5 mg / L, in addition to the
removal of sludge, animal feces, and solid
particles. World Health Organization [WHO].
(2006).

To provide safe drinking water service,
factors such as water chemistry and corrosion
must be taken into account. Kutz, M. (2018),
Alvarez, C. et al. (2013) and Moskvicheva, E. et
al. (2016).

ISSN 2414-4932
ECORFAN® All rights reserved

June 2021 Vol.7 No.20 31-38
5.1 Water chemistry

Drinking water contains complex chemistry,
which has an impact on both plumbing, human
ingestion, and environmental implications.
Factors such as pH, alkalinity, dissolved
inorganic carbon, hardness, chloride, sulfate,
inhibitors, disinfectants, bacteria, dissolved
oxygen, solids, and turbidity are essential to
determine the reactions caused by water
chemistry such as corrosion and precipitation.
Kutz, M. (2018).

On the other hand, the mentioned
factors can interact with each other, which
demonstrates the complexity of the processes
that can occur in drinking water. Therefore, it is
very important to calculate the chemical
characteristics of the water before choosing the
materials used in the distribution networks.
Alvarez, C. et al. (2013).

5.2. Corrosion

Water has a corrosive nature, it frequently
contains nitrate (N0O5), which can cause damage
to the health of the inhabitants of a population.
On the other hand, water carries corrosion
particles in the pipes, especially in metal pipes,
which corrode and release solid particles
carried by the water. In the case of plastic pipes,
this phenomenon decreases drastically, but
particles of the pipe material are still dragging
along. Alvarez, C. et al. (2013).

Effectively protecting the pipeline
against corrosion is necessary for a long and
safe service life of pipeline systems, since in
addition to being harmful to humans, corrosion
in pipes causes large-scale contamination in the
lithosphere and the hydrosphere. Corrosion of
materials depends on different factors such as
water chemistry, temperature, and building
materials. On the other hand, materials can
develop thin films, which can reduce the
internal diameter of the pipe, causing blockages
and blockages. Moskvicheva, E. et al. (2016).

5.3. Water for human consumption

The inadequate distribution of drinking water
throughout the world causes millions of people
to be frequently exposed to dangerous
microbiological contaminants such as sludge
and solid particles, and chemicals, for example,
nitrate concentrations greater than 50 mg / L in

water.
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Which does not comply with what is
recommended by the WHO in the guidelines for
the quality of drinking water. World Health
Organization [WHQO]. (2006). For this reason,
chemical and physical methods have been
developed for water purification. In chemical
methods, substances capable of disinfecting are
added, such as chlorine and ozone. However,
these substances can generate secondary
reactions, which can be dangerous to health.
Existing physical methods such as ultraviolet
radiation, membrane separation, and thermal
disinfection are often expensive and generally
do not meet the desired level of disinfection. El
Ghzizel, S. et al. (2020).

Well-drawn groundwater is commonly
considered safe to drink. However, its quality
depends on different factors such as climatic
changes, types of soil, surfaces, and nature of
the rocks through which the water moves,
therefore it is recommended that the well water
be treated before drinking it. Boadi, N. et al.
(2020).

6. Drinking water purifier

A study carried out at the Al Annouar institute
in Sidi Taibi in Morocco showed the first water
purification plant, where nanofiltration is used
coupled with an electrochemical disinfection
system that is powered by photovoltaic and
wind energy. This plant was designed to supply
drinking water to the 1,200 students of the Al
Annouar institute. El Ghzizel, S. et al. (2020).
Figure 3 shows the schematic of the Sidi Taibi
plant.

Wind turbine Solar panel

Inverter Converter ~ Battery Regulator : ; —

— - A< < SN

Energy
management

Pretreatment Nanofiltration Disinfection
25 pm s 5 pm =4 | .
i ¢ T o B Tank
P » " Permeated ~ S00L
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———

o Y
Underground water Irrigation water

Figure 3 Scheme of the Sidi Taibi purification plant
El Ghzizel, S. et al. (2020).
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The process is carried out using
groundwater, which is pumped to the plant
through inlet pipes. At the beginning of the
process, the water is transported to the
pretreatment behavior, which is made up of 2
filters, the first 25 pm and the second 5 pm,
these are connected in series and allow the
removal of sludge and fine particles from the
water. El Ghzizel, S. et al. (2020). These filters
are made of polypropylene microfibers bonded
by thermal action.

Subsequently, the pretreated water is
transported to the nanofiltration compartment,
which consists of two spiral membranes of the
type: polyamide thin-film compound, its
operating characteristics are shown in table 2.
El Ghzizel, S. et al. (2020).

Maximum operating temperature ("C) 45
Maximum operating pressure (bar) 41
PH range, continuous operation 3-10
Maximum feed flow (m3/h) 15.9
Maximum feed sediment density index (SDI)| 5

Table 2 Characteristics of the membranes used for
nanofiltration
El Ghzizel, S. et al. (2020)

At the end of the nanofiltration, the
water is disinfected through an electrochemical
process without the need for additives. El
Ghzizel, S. et al. (2020). Electrochemical
disinfection is a process in which electrons
supplied by direct electrical current react with
ions and molecules in the water. Global
Aquaculture Alliance. (2020). In addition, this
process oxidizes chloride, which generally
occurs in water, to free chlorine. El Ghzizel, S.
et al. (2020). The characteristics of the
electrochemical disinfection system are shown
in Table 3.

Parameter Value |
Power input (V) 220

Raw Water Required Chloride Range | 10-250
(mg/L)

Maximum operating flow (L/h) 400

Minimum operating flow (L/h) Depends on the
current supply

Power Consumption Range (W) 100-700

Drinking water

Water temperature range ("C) 4-25
Minimum conductivity of raw water | 300
(ns/cm)

Maximum ambient temperatura (*C) 50

Table 3 Characteristics of the electrochemical
disinfection process
El Ghzizel, S. et al. (2020)
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Finally, the purified water is led to a
storage tank and distribution begins. El Ghzizel,
S. et al. (2020).

7. Results
Table 4 presents the characteristics of the

groundwater sample and water after the
permeate.

Underground | Permeated lon rejection

water (%)
K*(mgl/L) 7.04 15 78.6
Na* 4.95 0.77 84.4
(mg/L)
Mg?+ 36.01 1.3 96.3
(mg/L)
Ca2* 112.9 8 92.9
(mg/L)
HCO;~ 377.3 29 92.3
(mg/L)
NO;~ 68.7 14 79.6
(mg/L)
Cl- 25 2 96
(mg/L)
S0,~ 35.01 1.2 96.5
(mg/L)
Conductivity 856 90 89
(us/cm)

Table 4 Characteristics of the feed water, permeate, and
ion rejection
El Ghzizel, S. et al. (2020)

Its great efficiency is because the
nanofiltration membrane rejects the charged
particles, in this way it can extract a large
number of components from the water. On the
other hand, electrochemical disinfection has
advantages compared to other methods; since it
does not require storage, maintenance and
transport, in addition, its effect can be adjusted
to the required demand. El Ghzizel, S. et al.
(2020).

The Sidi Taibi plant works through a
permeate flow rate of up to 400 L / h, with a
pressure of 5 bar and a recovery percentage of
75%; the energy it consumes is 0.2 KWh/m3.
On the other hand, the quality of the permeate
meets the required standards due to the low
concentration of nitrate (14 mg / L), and the
WHO recommends a standard of (50 mg / L).
El Ghzizel, S. et al. (2020).

In addition, using alternative energies
allows satisfying the electricity demand for this
process, which ensures the disinfection of the
water, regardless of the weather conditions. El
Ghzizel, S. et al. (2020).
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8. Discussion of results

The proposed distribution network recommends
the use of PVC as the material of the pipes
since this material is light, flexible, easy to
install, and does not affect the quality of the
water, however, other materials can be used in
communities where PVC is not feasible either
because of the type of soil, water chemistry or
environmental conditions.

On the other hand, the type of
distribution recommended is by gravity, this is
the most reliable distribution method because
the pressure remains sufficient and constant in
the network, however, if the terrain does not
present great heights, a distribution by pumping
or pumping can be applied. mixed. Comision
Nacional del Agua [CONAGUA]. (2019).

The water purification process used at
the Sidi Taibi plant can be coupled to supply
communities with a lack of purified water, as
the production of water would be sufficient to
meet the needs of a population of fewer than
1,200 inhabitants. The purification plant works
through a permeate flow rate of up to 400 L / h,
with a pressure of 5 bar and a recovery
percentage of 75%; the energy it consumes is
0.2 KWh/m3. El Ghzizel, S. et al. (2020).

The amount of water produced is
adequate since men and women over 14 years
of age should consume 2.5 and 2 liters of water
a day, respectively (including beverages of all
kinds and water present in food). Instituto
Mexicano del Seguro Social [IMSS]. (2013).
Therefore, for a population of 1,200 inhabitants,
this plant can produce up to 8 liters of water per
day per inhabitant, enough for drinking and
cooking.

In addition, in the area of sustainable
development, the proposed network seeks to
conserve  natural  resources and the
environment; using renewable energy for its
operation, thinking about the natural
environment. On the other hand, in the area of
sustainable development, it seeks to satisfy the
need for drinking water in the communities of
Mexico, taking into account the social,
economic, and environmental spheres. In the
social sphere, it seeks to improve the quality of
life of the population of low-income
communities.
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In addition, government investment is
sought so that the economy of the needy
population is not affected. Finally, by using
renewable energies such as solar and wind, it
allows the purification process to be carried out
far from the electricity supply network, which
is extremely favorable for the production of
drinking water in rural areas. El Ghzizel, S. et
al. (2020).

9. Conclusions

In Mexico, 10% of the population does not have
drinking water services in their homes.
Therefore, a distribution network coupled with
a sustainable water purification plant was
proposed for communities with less than 1200
inhabitants.

For the design of the network, the
proposal is recommended to use PVC as a
material for the pipes, however other materials
can be used in communities where PVC is not
feasible. In addition, it is necessary to identify
the source of water, whether surface or
underground, later the water is transported to a
regulation tank that supplies the water to the
houses using gravity or pumping. The design of
the water conduction lines must be carried out
taking into account the existing roads within the
locality. Comision  Nacional del Agua
[CONAGUA]. (2019).

The purifier attached to the network
uses the process of nanofiltration and
electrochemical disinfection. El Ghzizel, S. et
al. (2020). This process can be implemented for
communities in Mexico with a population of
fewer than 1200 inhabitants that need water for
their consumption. However, as it is a proposal
that uses innovative technologies for its
process, government investment is required to
be able to implement it in the future.

On the other hand, the cost of the
distribution network may vary according to
different factors such as; the community
topography, number of inhabitants, number of
dwellings to be supplied, materials to be used,
and type of distribution source, however, the
study of the proposed water disinfection system
does not stipulate a cost estimate.
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However,  considering  that the
distribution network was proposed for a
maximum of 1,200 inhabitants and that
CONAGUA invests approximately 750 dollars
per inhabitant for the realization of water
distribution networks, we can estimate an
approximate maximum cost of 900,000 dollars
with a variation of 20 %, indirect costs of the
concession to exploit, use or take advantage of
national waters, in addition to topographic and
geotechnical studies, must be attached to this
approximation. On the other hand, to estimate
the costs of the water disinfection system, the
price of similar equipment is between 5,000 and
8,000 dollars.

However, the objective of this study is
to carry out the analysis and development of
technology to support sectors that need drinking
water, therefore, this project is non-profit,
therefore, the economic study for a specific
region will be a reason for subsequent studies
by the approach to government agencies such as
CONAGUA.

In this way, it is intended that this
system be applied in low-income communities
in Mexico that require water for their homes
and consumption, improving their quality of life
and the development of low-income
communities, in addition to using renewable
energies for their process, is sustainable with
the environment.
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