aranoé ORIGINAL ARTICLE 2024
THEMATIC SECTION: BUILDING SYSTEMS v. 17, e53588

Comparative study of the costs of flexible and rigid pipes
used in cold water and hot water building hydraulic
systems

Estudo comparativo dos custos de tubos flexiveis e rigidos utilizados
em sistemas hidraulicos prediais de agua fria e agua quente

Estudio comparativo de costos de tuberias flexibles y rigidas utilizadas
en sistemas hidraulicos prediales de agua fria y agua caliente

Rodrigo Eduardo Cérdoba*

Universidade Federal de Sdo Carlos; Centro de
Ciéncias Exatas e de Tecnologia; Departamento
de Engenharia Civil.

Sé&o Carlos (SP), Brazil.

cordoba@ufscar.br

Douglas Barreto

Universidade Federal de Sdo Carlos; Centro de
Ciéncias Exatas e de Tecnologia; Departamento
de Engenharia Civil.

Sé&o Carlos (SP), Brazil.

Lucas Gabriel Santos Kriegler

Universidade Federal de Sdo Carlos; Centro de
Ciéncias Exatas e de Tecnologia; Departamento
de Engenharia Civil (egresso).

Campo Limpo Paulista (SP), Brazil.

José da Costa Marques Neto

Universidade Federal de Sdo Carlos; Centro de
Ciéncias Exatas e de Tecnologia; Departamento
de Engenharia Civil.

Sé&o Carlos (SP), Brazil.

* Corresponding author.

CRediT

Authors contribution: Conceptualization; Formal analysis; Methodology; Supervision; Validation;
Visualization; Writing — review & editing: CORDOBA, R.E.; Conceptualization; Formal analysis; Data curation;
Methodology; Software; Visualization; Writing — original draft: KRIEGLER, L. G. S.; Formal analysis; Methodology;
Supervision; Validation; Visualization; Writing — review & editing: BARRETO, D.; MARQUES NETO, J. C.

Conflicts of interest: The authors certify that there is no potential conflicts of interest.

Funding: Does not apply.

Ethical approval: The authors certify that, for this type of study, formal consent is not required.
A.l.: The author certifies that there was no use of artificial intelligence in the preparation of the work.

Editors: Daniel Sant’Ana (Editor-in-Chief); Heber Martins de Paula (Guest Editor); Ricardo Prado Abreu Reis
(Guest Editor); Andreza Kalbusch (Guest Editor); Sophia S. Carvalho (Editorial assistant); Alika M. Santos
(Editorial assistant).

This is an open access article under the Creative Commons (CC-BY) license.
Submitted: 19 April 2024 | Accepted: 8 November 2024. 1



https://creativecommons.org/licenses/by-nc/4.0/

ISSN
1679-0944

Cordoba, R.E; Kriegler, L. G. S; Barreto, D.; Marques Neto, J. C.

Comparative study of the costs of flexible and rigid pipes used in cold water and hot water building hydraulic
systems

Abstract

This work aims to compare the use of cross-linked polyethylene (PEX) for building hydraulic
installations instead of traditional systems built with PVC and CPVC rigid pipes. This flexible system
is very widespread overseas and shows great potential in reducing costs and building time, however
itis still underutilized in the country when compared to rigid pipe systems, mainly due to the lack of
studies on cost indicators and experienced professionals who work with that technology. As such,
this work aims to analyze and compare both systems - rigid systems with PVC and CPVC and flexible
systems with PEX — in budget, quantity of materials and head loss in order to accentuate the
characteristics of flexible systems. Three different layouts were constructed and simulated using
hydro sanitary software in a standard apartment: two of the conventional PEX (type and partial point-
to-point), and the other using a rigid system. The estimated cost per meter was BRL 34.57 for the rigid
system, BRL 37.91 for the conventional PEX, and BRL 26.57 for the point-to-point PEX. Therefore, for
this case study, the partial point-to-point PEX system achieved the best cost indicator, representing
23.4% less than the rigid system.

Keywords: Cross-linked Polyethylene; PVC; CPVC; Hydraulic Building Systems; Building piping.

Resumo

Este trabalho apresenta os resultados da comparagdo da utilizagdo nos sistemas prediais
hidraulicos de tubulagdes em polietileno reticulado (PEX) frente a sistemas tradicionais com a
tubulagéo rigida em PVC e CPVC. O tipo PEX é bem conhecido internacionalmente e apresenta
potencial para diminuigédo de custos e tempo de execugao de obras. No Brasil, atualmente néo é tdo
utilizado quando comparado com os sistemas em tubulagéo rigida. Pode-se apontar como causas
os poucos estudos sobre indicadores de custo, bem como a falta de profissionais com experiéncia
sobre esta tecnologia. Desta forma, este estudo realizou uma comparagéo entre os sistemas rigidos
e os sistemas flexiveis em PEX, tendo como parametros os custos, as quantidades de materiais e as
perdas de carga. Para tanto, foram modelados e simulados, em softwares hidrossanitarios, trés
tragados diferentes em um apartamento, sendo dois do tipo PEX (convencional e ponto a ponto
parcial); e um com o sistema rigido. O custo estimado por metro foi de R$ 34,57 para o sistema rigido,
R$ 37,91 para o PEX convencional e R$ 26,57 para o ponto a ponto. Portanto, para esse estudo de
caso, o sistema PEX ponto a ponto parcial atingiu melhor indicador de custo representando 23,4%
menor que o sistema rigido.

Palavras-Chave: Polietileno Reticulado; PVC; CPVC; Instalagdes hidraulicas; Tubulagdes prediais.

Resumen

Este estudio compard el uso de instalaciones hidraulicas de polietileno reticulado (PEX) en
comparacion con sistemas tradicionales de tuberias rigidas de PVC y CPVC. El sistema flexible de
PEX esté bien establecido en el extranjero y tiene un gran potencial para reducir costos y tiempos en
proyectos de construccién. Sin embargo, actualmente no se utiliza tanto en el pais como los
sistemas de tuberias rigidas, principalmente debido pocos estudios sobre indicadores de costos y
profesionales con experiencia en la tecnologia. Por lo tanto, este estudio realizé un anélisis
comparativo de ambos sistemas rigidos y sistemas flexibles de PEX en términos de costos, cantidad
de material y pérdida de presién para demostrar las caracteristicas del sistema flexible. Se
construyeron y simularon en software hidrosanitario tres trazados diferentes en un apartamento
tipo: dos del tipo PEX (convencional y punto a punto parcial), y el otro en sistema rigido. El costo
estimado por metro fue de R$ 34,57 para el sistema rigido, R$ 37,91 para el PEX convencional y R$
26,57 para el punto a punto. Por lo tanto, para este estudio de caso el, sistema PEX punto a punto
parcial alcanzé el mejor indicador de costo, representando un 23,4% menos que el sistema rigido.

Palavras Clave: Polietileno Reticulado; PVC; CPVC; Sistemas de Plomeria; Tuberias de Edificio.
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Introduction

The supply and distribution of water for consumption has always been a crucial issue for
the development of society from its early stages to the present day. Considering this
context, several systems have been developed to ensure an adequate water supply. Thus,
in order to address the water needs of residential buildings, cold and hot water building
systems are operational, and the NBR 5626 (ABNT, 2020) are followed to create their
design, implementation and maintenance. These NBR standards aim to ensure the
fulfillment of hygiene, safety and comfort criteria, as well as to guarantee the provision of
quality water.

Currently, the most used material for the installation of cold-water systems is the polyvinyl
chloride (PVC), a rigid thermoplastic material with several contexts of use, including the
production of packages and electrical cable insulation, however, approximately 65% of its
production is allocated to the civil engineering sector (Souza, 2011). According to the
Brazilian PVC Institute (2024), 70% of the material’s demand is destined to the
construction industry, with the primary application being in piping and fittings.

The chlorinated polyvinyl chloride (CPVC), a material used for hot water building systems,
is characterized by presenting all the inherent properties of PVC, while also offering a high
resistance to the conduction of liquids at elevated temperatures (Brandao, 2010). This
material can withstand a working pressure of up to 60 meters water column (m.w.c.) and
water temperature of 80°C, with the ability to endure occasional temperatures up to 95°C.
It also presents an elevated capacity for heat retention, and the use of thermal coating in
indoor areas is not necessary (Tigre, 2021).

Another material which has been used in cold and hot water building systems is the cross-
linked polyethylene, known as PEX. This material is obtained through the cross-linking of
thermoplastic polyethylene, resulting in a more pressure - and temperature - resistant
material (Lourengo, 2020). The PEX system, which includes piping and fittings, can be used
for both cold and hot water distribution, and its main characteristic is the flexibility of
application. It allows bending, and eliminates the need for pipe elbows, tees and bend
fittings, reducing installation time. Itis also possible to observe that this material results in
lower head loss when compared to the conventional system, also offering ease of
maintenance due to the use of shafts in order to access the pipes (Dos Santos; Modolo,
2019).

The design and installation of a hydraulic system with PEX can be performed in two ways:
as a conventional system, similar to the rigid systems, or as a point-to-point system, where
the pipping is distributed from a fixed point to other usage points. The conventional system
is implemented in the same way as traditional rigid PVC systems, as the environments are
supplied by branches deriving from a specific piping system, requiring the use of some “T
type” pipe connection for its implementation- eliminating the need for bends or pipe
elbows. The point-to-point system, on the other hand, consists of a system where the PEX
piping originates from a manifold (Dos Santos; Modolo, 2019).

In 2011, technical standards considering the use of PEX were elaborated regarding its use
in some types of buildings. The regulation was adjusted and divided into three parts: NBR
15939-1 (ABNT, 2023a); NBR 15939-2 (ABNT, 2023b); and NBR 15939-3 (ABNT, 2023c).
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PEX pipes present an important potential for reducing the assembly time and costs in the
civil construction field, a fact which is highlighted by studies such as those by Brandéao
(2010), Lourengo (2020) and Nobrega (2021). Anselmo and Oneda (2023) identified that
PEX pipes were a 19,17% cheaper alternative when compared to PVC due to the lower
labor costs. In agreement, Lourengo e Rodrigues (2020) observed that PEX has a cost
58,9% lower when compared to rigid CPVC piping.

Comparative studies that considered PEX and traditional systems were developed by
Nobrega (2019) and Santos (2022). Based on the data obtained by Nobrega (2019), it was
possible to observe that the cost per linear meter of the PVC system was BRL 58,18, while
the PEX system costs were BRL54,77. Data from Santos (2022) presented that the
combination of PVC (cold water) and PEX (hot water) resulted in BRL21,87 per linear meter,
while for the PEX system (both cold and hot water), the cost was BRL 23,28. These values
suggest that the use of PEX can be competitive when compared to the PVC and CPVC
systems.

Despite the characteristics presented by the PEX system and its widespread use abroad,
the system still faces difficulties in being adopted in Brazil, where it is overshadowed by
the use of traditional PVC systems for residential buildings and low- to mid- standard
constructions. According to Lourengo and Rodrigues (2020), the use of PEX is still in its
early stages compared to the use of traditional rigid systems such as PVC, CPVC and metal

piping.

In this context, it is possible to observe that several factors may contribute to the limited
use of PEX systems, such as the lack of data on cost indicators; the limited number of
qualified professionals with experience in using this technology; the higher cost of the
material when compared to PVC; and the conservatism of the civil engineering market in
the country (Lourengo; Rodrigues, 2020).

Therefore, this research aims to provide information, data and indicators comparing the
PEX system and traditional systems, in terms of costs, quantity of material used and head
loss, with the goal of presenting the characteristics of the PEX system and encouraging its
greater use in the civil engineering sector.

In this way, this work presents the results of the comparison from both technical and
economic perspectives, of flexible systems (PEX), conventional and partial point-to-point
systems, compared to traditional rigid piping systems (PVC and CPVC), which are applied
in multi-story buildings, with the aim of expanding knowledge about the application of PEX,
filling gaps in the academic understanding about new technologies for the installation of
hydraulic building systems, and encouraging its use through the understanding of
economic indicators.

Material and Methods

To develop this research, a bibliographic study was performed, considering the materials,
characteristics of the pipping systems and current standards. Subsequently, a case study
was developed based on a medium-standard apartment project, with an area of 100m?
and an already completed hydraulic design using PEX system. Based on this project, new
layouts were created for systems using rigid pipes (PVC and CPVC), and for a new PEX
layout with the same routing adopted in the rigid system. Finally, small adjustments were
made to the existing partial point-to-point PEX layout from the original project. These
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layouts were created by means of the modeling software AutoCAD and the calculations for
the hydraulic system were performed by the software QiBuilder. Based on the
specifications of NBR 5626 (ABNT, 2020), the design and calculation of head losses for the
systems were performed, as well as the corresponding material quantities and budget
were obtained, from which the comparative analyses were made, and the performance
indicators were defined for each system and their respective costs and compared to other
studies. The flowchart in Figure 1 summarizes the methodology used in this research.

Figure 1: Flowchart of the study methodology.
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Case Study

The base of the project consists of a medium-standard building, located in the state of Sao
Paulo, with one garage floor, one ground floor and 23 typical floors. For this study,
apartment 02 on the typical floor was selected, as it is the representative of most of the
apartments in the building. The apartment contains three bedrooms, one living room, two
bathrooms, one powder room and one kitchen/ laundry area with a gourmet balcony.

In each apartment, the measurement of the water consumed by the systems is performed
using individual water meters located in accessible cabinets in the common circulation
area. Table 1 presents the appliances and points of (cold and hot) water usage in the
apartment.

Table 1: Sanitary areas, appliances and points of water usage in the apartment.

Sanitary areas Sanitary appliances and points of usage
Bathrooms 1 and 2 1 washbasin - CW/HW; 1 toilet bowl - CW and 1 shower - CW and
HW
Powder room 1 washbasin - CW;1 toilet bowl- CW
Kitchen 1 sink - CW/HW
Gourmet balcony 1 sink—- CW
Laundry area 1 gas heater - CW/HW; 1 sink - CW and 1 washing machine - CW

CW - Cold Water point; HW - Hot Water point.
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Design of the plumbing system

The design of the building system was carried out in two stages: First, the pipe routing was
designed on the ground plant of the typical floor of the building using the AutoCAD
software from Autdesk. This layout connects the plumb of the water meter to each
apartment, in a way that it is possible to supply all the areas of usage. Next, a three-
dimensional model of the pipping system was created by means of the QiBuilder software,
2023-11 version (AltoQi, 2023), in which data from each system were included and were
used as guides for implementing the system.

For this study, three different systems were analyzed, each implemented in its own 3D
model within the software.

e System 1 (S1): installation using rigid PVC and CPVC pipping as the standard system,
with proper valves for each room.

e System 2 (S2): installation with flexible PEX pipping in the conventional system,
considering the same layout and routing used on S1.

e System 3 (S3): installation with flexible PEX in a partial point-to-point system, where
each room is individually supplied by pipes connected to a manifold located in the
laundry area (Dos Santos e Modolo, 2019), with a single main valve.

For all three systems, the hot water supply was conducted by means of a conventional
layout starting at the water heater to serve the bathrooms and the kitchen. The quantity of
components and the length of the piping used were obtained through the QiBuilder
software (Building > Sheets > Materials list). This information was considered in order to
analyze the costs and to generate costs indicators per linear meter for each system.

Cost survey of the project

The estimate cost of the hydraulic system materials was calculated by means of an
electronic spreadsheet, with inputs from the SINAPI 11/2023 (CAIXA, 2023) base, applied
to buildings located in the State of Sao Paulo.

The quantity of components used in each model was obtained from the modelling of
hydraulic building systems in the Revit software from Autodesk and material lists for
edifications using PVC and PEX were generated. These data were allocated into specific
spreadsheets for each, and data from SINAPI 11/2023 (CAIXA, 2023), considering the unit
cost of the materials, were also inserted. Social charges for non-exempt services were
considered and an arbitrary value of 25% was adopted for the BDI (Benefits and Indirect
Costs), due to it being an intermediate value among the values observed in the study by
Nobrega (2021).

Sizing and calculation of head loss

In order to perform the sizing of the pipping in the water distribution system, the NBR 5626
(ABNT, 2020) requirements for pressure and velocity were considered. A maximum velocity
of 2,5 m/s was adopted in the QiBuilder software, and the allowable pressure in the piping
was set within the range of 5 to 400kPa.

The method of weighing was considered to estimate the flow rates of the pipping system.
This method is mainly adopted due to its practicality and its common use among
engineers, assigning relative weights to each consumption point based on the flow rate.
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The flow rates, relative weights and head loss in the adopted water meters were obtained
from recommendations present in the previous version of NBR 5626, as outlined in the
book Instalagbées Hidraulicas e Sanitarias (Creder, 2006).

The head loss in the piping was calculated considering the distributed head loss, which
varies according to the length of the piping system, its material, diameter and the flow rate
inside it. The calculation of the unit head loss was performed using the Universal Head
Loss Equation, as this method is recommended by NBR 5626 (ABNT, 2020).

The universal head loss coefficient was obtained based on the Reynolds number, the
kinematic viscosity of the fluid and the pipe roughness. These parameters were calculated
using the QiBuilder software. The total length of the conduit used for calculation is
composed of the length of the piping along with the sum of the equivalent lengths of the
components used in the system, which were defined by the software.

The calculation of head loss in systems using PEX piping, performed by the QiBuilder
software, generally considers the same procedures used in hydraulics for rigid piping.
However, this system presents a particularity due to the curvature formed by the pipe itself
(Souza, 2011), in which the determination of the head loss may vary (AltoQi, 2022). In this
context, an equivalent length of the curvature is considered for the calculation and is
defined based on the ratio between the curvature radius r and the internal diameter of the
pipe, D, both in meters (m).

e Ifr/D > 8, the equivalent length of the curvature is discarded and therefore the value is
zero.

e If r/D = 8, the software must calculate the value of the equivalent length of the
curvature at the intermediate point.

For all points that meet the second criterion, the value of the friction factor (K) of the curve
is calculated using Equation 1 (AltoQi, 2022):

K= [0,13 +0,16. (g)_%] Ja®/180° (1)

In which:

K = friction factor;

D = internal diameter of the pipe (m);
r = radius of the curvature;

a° = angle of the curvature (degrees).

As the friction factor K is determined, the localized head loss of the curvature is obtained
from Equation 2 (AltoQi, 2022, adapted):

2
Q
D\? (2)
_\=(3)
H=K————
2.9
In which:

Q = flow rate of the pipe section (m%/s);
D = internal diameter of the pipe (m);

K = friction factor;

g= gravity (m/s?);

H=Head loss (m).
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To obtain the value of the localized head loss H, the equivalent length of the curvature is
calculated using Equation 3:

In which:

CE = Equivalent length of the curvature (m);
H = Localized head loss of the curvature (m);
J =Unit head loss of the pipe (m/m).

The equivalent lengths obtained for each curvature are added to the length of the piping to
reach the total length. This process was performed for all systems in the standard
apartment.

Regarding the available pressure for supplying the standard apartment, the pressure of the
most hydraulically distant unit from the main distribution pipe was considered. This
approach ensures adequate network pressure to account for head losses within the
system and to maintain a minimum pressure of 10 kPa or 1 m.w.c. at the points of use. An
arbitrary value of 15 m.w.c. was assumed immediately after the water meter. It isimportant
to note that this study aimed to analyze the branch lines and sub-branches lines within a
single apartment unit under various layouts and material configurations (PEX, PVC and
CPVC), excluding the hydraulic and economic analysis of the entire building.

Definition of cost indicators

At the end of the project, after executing the layouts and entering the hydraulic systems S1
(conventional PVC and CPVC), S2 (conventional PEX), and S3 (PEX point-to-point) into
Ravit, the cost estimates provided by the construction company completed in 2023 and
the values of head loss in the systems were inserted into spreadsheets, and a cost analysis
of the materials used in the three systems was conducted. Indicators were defined by
relating the costs of the system execution per linear meter of piping used as reference for
future value estimates or for professionals in the market who aim to plan construction
projects. Thus, comparative tables were created, considering:

e Cost per linear meter of piping obtained for the three systems;

e Percentage ratio between the costs of the PEX system and the PVC and CPVC systems;

e Comparative analysis of the costs of executing the hydraulic systems in the studied
apartment using weldable PVC and CPVC and PEX, quantifying the percentage
difference among the values obtained for the systems.

A total of 2 workers were considered in this study — one plumber and one assistant- to
assemble the pipes and fittings. Regarding the time required to assemble the systems, one
and a half days (12 hours) were considered for the PVC and CPVC system, and one day (8
hours) was considered for the PEX system. The reduction in the execution time is due to
the use of specific material kits, which facilitates the assembly on-site.
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Results and discussion

Piping layouts of systems S1, S2 and S3

The project considered for this case study was provided by a construction company
specialized in the development of engineering and architecture projects, with the client’s
identification data removed.

Based on the different systems, the original layout was created using rigid pipes (S1). The
layout designated as S2 followed the same path as S1 but utilized PEX material. Finally, the
S3 system employed PEX with a different layout configuration compared to S1 and S2,
incorporating the use of a "manifold" system.

The routes of the layouts were designed considering the position of structural elements in
order to avoid beams, slabs and columns. The branches originate from the cabinet where
the water meter is located and run through the ceiling (solid line) to the shafts of the rooms,
from where they descend and continue under the floor slab (dashed line) to supply the sub-
branches and the points of use, following the original design of the company’s project.

The results of these layouts, respectively for layouts (S1), (S2) and (S3) are presented in
Figures 2, 3 and 4.
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Figure 2: Layout of the S1 System (conventional PVC and CPVC).
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Figure 3: Layout of the S2 System (conventional PEX)
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Figure 4: Layout of the S3 System (partial point-to-point PEX).
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In Figure 2, it is possible to observe the straight layout of the rigid piping (S1) passing
through the ceiling, with direction changes made by means of 90° elbows. In the
mentioned figure, the branches for the sanitary rooms were routed below the slab, as can
be perceived by the dashed lines.

In Figure 3, it was presented the same straight layout utilized in S1, however the changes
in direction occurred due to the curvature of the PEX piping, rather than by using fittings.

In Figure 4, the S3 system presents a configuration that is completely different from S1 and
S2, asthe 32 mm PEX piping runs directly from the water meter to the technical area, where
there is a specific shaft containing valves and a manifold that distributes the PEX piping to
each sanitary room.

Itis important to highlight that the diameters presented in the designs of Figures 2, 3and 4
were obtained through calculations performed using the QiBuilder software and are
approximated to the nearest commercially available diameter values.

Table 1 presents the quantitative summary of piping and fittings used for the different
systems studied. The results correspond to the materials of a standard apartment on the
typical floor, including the quantity of pipes, lengths, fittings, and accessories used in the
kitchen, laundry area, bathrooms and powder room.

Table 1: Quantitative summary of systems S1, S2 and S3.

System S1 System S2 System S3 Total
Quantity/Length —— TotalS1 —— Total S2
Ccw HW CwW HW CwW HW s3
Fittings and valves (units) 81 50 131 44 34 78 30 15 45
Piping (m) 65,6 49,38 115,0 66,67 50,07 116,8 95,55 48,87 1443

It is observed that the quantity of fittings used decreases when S1, S2 and S3 are
compared, respectively, as each PEX system reduced the quantity of curvature
components such as elbows and bends (S2 and S3), and branching components as “t”
(S3). However, system S3 has a greater total piping length because it covers longer
distances, as all sections that supply the rooms originate from the manifold in the laundry
area. Systems S1 and S2 have virtually identical piping lengths, as they present the same
layout.
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3.2 Comparison regarding head loss in the systems

The values of head losses from the water meter and the available pressure at the points of
systems 81, S2 and S3 are presented in Tables 2, 3 and 4, respectively.

Table 2: Head loss from the water meter (H) outlet to the supplied points — S1 System.

Pressures (m.w.c.)

Room Section Initial  Elevation Imtl?l Total .
. . static Available pressure
point difference head loss
pressure
POWDER Hto LV 15,00 0,60 15,60 2,19 13,41
ROOM Hto BS 15,00 1,20 16,20 2,13 14,07
Hto LV-CW 15,00 0,60 15,60 2,95 12,65
Hto LV-HW 15,00 0,60 15,60 10,79 4,81
BATHROOM
01 Hto BS 15,00 1,20 16,20 2,93 13,27
Hto CH 15,00 -0,95 14,05 11,24 2,81
Hto LV-CW 15,00 0,60 15,60 3,06 12,54
Hto LV-HW 15,00 0,60 15,60 10,88 4,72
BATHROOM
02 Hto BS 15,00 1,20 16,20 3,05 13,15
Hto CH 15,00 -0,95 14,05 11,30 2,75
Hto TLR 15,00 0,60 15,60 7,26 8,34
Hto MLR 15,00 0,60 15,60 7,41 8,19
LAUNDRY H to MLL 15,00 0,80 15,80 7,67 8,13
AREA/
KITCHEN HtoSINK-CW 15,00 0,60 15,60 7,64 7,96
H to SINK-HW 15,00 0,60 15,60 7,75 7,85
H to SINK-VAR 15,00 0,60 15,60 7,30 8,30

H: Water meter; LV: Powder room; BS: Toilet bowl; CH: shower; TLR: Laundry sink;
MLR: Washing machine; MLL: Dishwasher; VAR: Balcony sink.
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Table 3: Head loss from the water meter (H) outlet to the supplied points - S2 System.

Pressures (m.w.c.)

Room Section Initial Elevation Imt'?l Available
R . static Total head loss
point  difference pressure
pressure
POWDER HtolLV 15,00 0,60 15,60 1,75 13,85
ROOM
H to BS 15,00 1,20 16,20 1,60 14,60
Hto
LV-CW 15,00 0,60 15,60 2,44 13,16
L\';' :_RN 15,00 0,60 15,60 5,17 10,43
BATHROOM h
01
H to BS 15,00 1,20 16,20 2,36 13,84
Hto
CH 15,00 -0,95 14,05 5,02 9,03
Hto
LV-CW 15,00 0,60 15,60 2,62 12,98
L\';' :_RN 15,00 0,60 15,60 5,31 10,29
BATHROOM B
02
H to BS 15,00 1,20 16,20 2,55 13,65
Hto
CH 15,00 -0,95 14,05 5,11 8,94
Hto
TLR 15,00 0,60 15,60 4,69 10,91
Hto
MLR 15,00 0,60 15,60 4,78 10,82
Hto 15,00 0,80 15,80 5,06 10,74
MLL ’ ’ ’ I I

LAUNDRY o

AREA/ SINK- 15,00 0,60 15,60 5,07 10,53
KITCHEN  cw

Hto
SINK- 15,00 0,60 15,60 4,45 11,15
HW

Hto
SINK- 15,00 0,60 15,60 4,95 10,65
VAR

H: Water meter; LV: powder room; BS: Toilet bowl; CH: Shower; TLR: Laundry sink;
MLR: Washing machine; MLL: Dishwasher; VAR: Balcony sink.
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Table 4: Head loss from the water meter (H) outlet to the supplied points — S3 System.

Pressures (m.w.c.)

Room Section Initial  Elevation MUl roialhead  Available
. R static
point  difference loss pressure
pressure
HtoLV 15,00 0,60 15,60 3,52 12,08
POWDER
ROOM Hto BS 15,00 1,20 16,20 3,38 12,82
Hto LV-CW 15,00 0,60 15,60 3,58 12,02
H to LV-HW 15,00 0,60 15,60 3,92 11,68
BATHROOM
o1 Hto BS 15,00 1,20 16,20 3,49 12,71
Hto CH 15,00 -1,00 14,00 3,78 10,22
Hto LV-CW 15,00 0,60 15,60 3,84 11,76
H to LV-HW 15,00 0,60 15,60 4,09 11,51
BATHROOM
02 Hto BS 15,00 1,20 16,20 3,80 12,40
Hto CH 15,00 -1,00 14,00 3,94 10,06
Hto TLR 15,00 0,60 15,60 3,22 12,38
Hto MLR 15,00 0,60 15,60 3,27 12,33
LAUNDRY H to MLL 15,00 0,80 15,80 3,74 12,06
AREA/
KITCHEN HtoSINK-CW 15,00 0,60 15,60 3,75 11,85
H to SINK-HW 15,00 0,60 15,60 3,99 11,61
H to SINK-VAR 15,00 0,60 15,60 3,54 12,06

H: Water meter; LV: Powder room; BS: Toilet bowl; CH: shower; TLR: Laundry sink;
MLR: Washing machine; MLL: Dishwasher; VAR: Balcony sink.

The 81 system, which was implemented with PVC, presented the worst performance in
terms of head loss, particularly at the hot water outlets in the bathrooms, where the head
loss from the water meter to the outlet exceeded 11 m.w.c.

The S2 and S3 systems demonstrated superior performance when compared to S1. In
showers, which represent the most critical points in the 81 system, S2 achieved head loss
values approximately 53.3% to 54.8% lower than those of $1. Similarly, S3 exhibited values
73.7% to 75.0% lower than S1. This improved performance is attributed to the reduced
number of fittings required for bends, as these were executed using the PEX tubing itself.

The S3 system presents consistent results when compared to all connections, with slightly
inferior performance in the powder room compared to S2, but achieving lower head losses
in the sections serving other areas. As a point-to-point system, S3 employs individual
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pipes branching from the manifold to supply each area separately, thereby reducing head
loss for each specific environment.

Regarding the available pressure at the outlets, considering an initial pressure of 15 m.w.c.
immediately downstream of the water meters, all outlets achieved available pressure
exceeding the minimum standard requirement of 1 m.w.c. (ABNT,2020). The most critical
outlets were the showers in the 81 system, with available pressures of 2.81 m.w.c. for
bathroom 01 and 2,75 m.w.c. for bathroom 02. For the same outlets, the other systems
achieved approximately 9 m.w.c. (S2) and 10 m.w.c. (S3).

The S2 system presented an average available pressure of 11.60 m.w.c. across all system
outlets, while the S3 system showed an average of approximately 11.85 m.w.c. In contrast,
the 81 system had an average value of 8.93 m.w.c., with greater variation between the
outlets.

The analysis shows that the PEX systems (S2 and S3) outperformed the rigid PVC and
CPVC piping system (S1) in terms of head loss.

Cost analysis

Table 5 shows the cost values for the materials used in the cold-water distribution in the
three systems, while Table 6 presents the cost values for the materials used in the hot
water distribution of the same systems.

Table 5: Total cost of the cold-water subsystems (including B.D.1.).

Cost (BRL)'
Material System
Piping Fittings Total
PVC and CPVC S1 421,80 745,08 1.166,88
S2 837,12 1.422,18 2.259,30
PEX
S3 1.165,52 997,95 2.163,47

"SINAPI Base 11/2023 (CEF, 2023).

Tabela 6: Total cost of the hot water subsystems (including B.D.I).

Cost (BRL)'
Material System
Piping Fittings Total
PVC and CPVC S1 949,46 915,72 1.865,18
S2 537,97 993,86 1.531,83
PEX
S3 495,96 537,89 1.033,85

"SINAPI Base 11/2023 (CEF, 2023).

Considering the cold-water system, it is observed that the S2 system (conventional PEX)
and the S3 system (point-to-point PEX) present significantly higher costs than the $1
system (PVC and CPVC), with costs 93,6% and 85,4% higher, respectively. The S2 system
incurred the highest expenses related to fittings, while S3 had higher costs for piping, due
to the longer length required for this system. For hot water, the S$1 system had higher cost
than the other two systems, with an expense 21.8% higher than the $2 and 80.4% higher
than S3.
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The CPVC material has higher unit costs in the SINAPI base 11/2023 (CEF, 2023) when
compared to PEX, resulting in the reversal of the results in relation to the cold-water
systems. Table 7 presents the difference in unit costs for the piping of the three types of
materials. The S1 system had the highest expenses for piping, 76.5% higher than the
second highest (S2), while S2 incurred slightly higher costs for fittings, and S3 had the
lowest costs for both piping and fittings, resulting in the lowest total subsystem cost.
Regarding labor, Table 8 presents the unit cost of the professional involved.

Table 7: Unit cost of the piping material used (including B.D.I.).

Material D (mm) Cost (BRL)'
PVC 25 5,17
CPVC 22 19,22
PEX 25 11,53

"SINAPI Base 11/2023 (CEF, 2023).

Table 8: Time and unit cost of labor.

Cost (BRL)'
Working time (h)
. Unit (BRL/h) Total (BRL)
Material System
. . Without With
Plumber Assistant Plumber Assistant B.D.L. B.D.L.
PVC and
CPVC S1 12,00 12,00 34,68 28,97 763,80 954,75
S2 8,00 8,00 34,68 28,97 509,20 636,50
PEX
S3 8,00 8,00 34,68 28,97 509,20 636,50

"SINAPI Base 11/2023 (CEF, 2023).

The reduction in the execution time for the PEX systems results in lower labor costs, which
impacts the total cost of the project, as shown in Table 9. It can be observed in Table 9 that,
when considering labor costs, the S3 system (partial point-to-point PEX) has a slightly
lower total cost compared to the rigid piping S1 system, with a value 3.8% lower.

Table 9: Total cost of the systems (including B.D.I.).

Cost (BRL)'
Material System Materials
Labor Total
Cold water Hot water Total
PVC and
CPVC S1 1.166,88 1.865,18 3.032,06 954,75 3.986,81
S2 2.259,30 1.531,83 3.791,13 636,50 4.427,63
PEX
S3 2.163,47 1.033,85 3.197,32 636,50 3.833,82

"SINAPI Base 11/2023 (CEF, 2023).

Regarding material costs, it is observed that when purchasing materials for the $1 and S3
systems, the total costs of PEX are 85% higher when compared to PVC and 44% lower when
compared to CPVC. Lourengo and Rodrigues (2020) also reported that PEX showed a cost
reduction of approximately 58.9% when compared to rigid CPVC piping.

When taking into account only the materials, the S3 system had a cost 5% higher than S1.
In both cases, the difference between the values obtained is small, considering an
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acceptable margin of error- a difference of BRL100,00 to BRL150,00 between the two
systems — meaning the costs for both systems may be considered pratically identical. The
82 system was identified as the most expensive of the three evaluated systems, with a total
cost of approximately BRL440,00 to BRL590,00 higher than the other two, which represents
a cost difference of 11% to 15%.

Thus, it is possible to observe that PEX material presents a significantly higher cost than
PVC material, especially when utilized in the same layout as the rigid piping, as occurred
for S2. Additionally, it can be observed that the layout of a partial point-to-point system
results in fewer connections, lower costs in the hot water subsystem when compared
toCPVC, and a reduction in labor costs. These attributes enable the PEX system to be
competitive with the 81 system in terms of costs.

Indicators

The S2 system presented the higher cost among the three systems, with a value 9.3%
higher than S1. The difference between the pipe lenghts of the two systems is small, as
they share the same overall layout, and the higher cost of the PEX material resulted in this
increase in the value of the indicator. Table 10 presents a percentage comparison between
the costs of each system.

Table 10: Cost comparison of the three systems (in BRL).

Cost comparison’ PVCand CPVC PEX PVCI(;E\)I(: ;:lation
s1 s2 s3 $2-51 $3-51
Materials 3.032,06  3.791,13  3.197,32 25,03% 5,45%
Labor 954,75 636,50 636,50  -33,33%  -33,33%
Total 3.986,81  4.427,63  3.833,82 11,06% -3,84%

"SINAPI Base 11/2023 (CEF, 2023).

In relation to the rigid piping system S1, both PEX systems presented a reduction in labor
costs of approximately one-third or 33,33%. In agreement, Anselmo and Oneda (2023) also
identified that the PEX system proved to be 19,79% more economical compared to the use
of PVC, with the lower labor cost being a significant factor.

The 82 system (conventional PEX) presented an increase in material cost and the total
value, while the S3 system (partial point-to-point PEX) presented a small difference in
material costs — 5,45% higher — and in total cost - 3,84% lower, so the total costs of both
systems may be considered practically identical. The point-to-point PEX system (S3)
proves to be competitive compared to the conventional rigid piping system (S1).

Given the quantity of materials used, the lenghts of the piping in each system, and the
costs from the project’s synthetic budget, several indicators related to the costs of each
system were defined. Table 11 provides the values obtained for the cost per linear meter of
piping for each system.
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Table 11: Cost per linear meter of piping for the systems.

. Total cost’ Piping length Cost per linear meter
Material System (BRL) (m) (BRL/m)
PVC and
CPVC S1 3.986,81 115,00 34,67
S2 4.427,63 116,80 37,91
PEX
S3 3.833,82 144,30 26,57

"SINAPI Base 11/2023 (CEF, 2023).

Itis observed that the $3 system (partial point-to-point PEX), with the lowest total cost and
the longest piping length, achieved the lowest value of the indicator, showing a 23,4%
difference when compared to S$1 with PVC and CPVC, and 29,9% difference when
compared to the S2 system, with conventional PEX.

To conclude this section of analysis, the cost indicator values defined in this study were
compared with those from other studies. Considering the inflation, the cost values from
these studies were adjusted based on the IPCA index from IBGE (Brazilian Institute of
Geography and Statistics), which is the official inflation index of Brazil, as recongnized by
the Federal Government. Table 12 provides a comparison of the values related to the cost
per linear meter of piping, between this study and the studies by Ndbrega (2019) and
Santos (2022).

Table 12: Comparison of the values obtained and the values from other studies regarding the cost
per linear meter.

Cost (BRL
. Piping length  Cost per linear
Source Material ot Updatedby (m) meter (BRL/m)
the IPCA
) PVC 279.440,10  320.314,29 5505,50 58,18
Nobrega
(09/2019) PEX 320.352,10 367.210,56 6705,00 54,77
S PVC AND PEX 559,25 652,84 29,85 21,87
antos
(07/2022) PEX 622,69 726,89 31,22 23,28
PVCAND CcPVC 3.986,81 3.986,81 115,00 34,67
. (S1)
This
research PEX (S2) 442763  4.427,63 116,80 37,91
(11/2023)
PEX (S3) 3.833,82  3.833,82 144,30 26,57

Based on the comparison of the cost indicators per linear meter of the PEX systems
obtained in this study with the indicators from the works by Noébrega (2019) and Santos
(2022), it may be observed that the cost per linear meter ranges from BRL54,77 to
BRL23,28. A significant variation is noted between the values obtained from each study,
which was expected given the substantial differences in the objects of study of each work.
The standard layout of the apartments considered vary between cases, the amount of
labor and their work hours are defined by different criteria and some of the systems
evaluated by authors such as Nébrega (2019) and Santos (2022) consists of mixed systems
with both rigid and flexible piping.
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However, upon reviewing the values obtained for their respective systems, it may be
observed that, in general, the systems executed with PEX tend to present higher costs
compared to rigid piping systems (whether mixed or not). At the same time, flexible
systems with PEX tend to exhibit a lower cost per linear meter of piping used when
compared to rigid piping systems in most cases.

Conclusion

This research confirmed, specifically for this case study, that the PEX S3 system performed
better in terms of head loss in its layout and also presented a 23,4% lower cost relative to
the length of piping used. This system has not proven to be much more complex in its
design and modeling compared to the conventional layout, despite requiring the
architecture to include shafts for the manifolds and main valves, something that is
becoming increasingly common for mid- to high- standard apartments.

In relation to the use of a point-to-point layout, even partial, executed with PEX material,
as it was performed for S3 system, it was possible to obtain total costs — considering
material and labor- equivalent to the cost of a system built with rigid PVC and CPVC, as S1
system.

It was found that, among the evaluated systems, the PVC/CPVC system presented the
lowest material cost while the PEX system had the lowest labor cost. The cost per meter
indicator for the rigid system was BRL34,57, while for the conventional and point-to-point
PEX systems, it was BRL 37,91/m and BRL 26,57/m, respectively.

Considering the limited scope of this study, which involves a single apartment layout
configuration and simulation in floors with an initial branch pressure of 15 m.w.c., it was
possible to demonstrate the effectiveness of the partial point-to-point PEX system as a
technical and economic alternative to the conventional PVC and CPVC system.

It should be emphasized that the results obtained in this study are valid only for this
specific case study, and are not necessarily applicable to any construction project, serving
purely to academic purposes.

As for future works, it is suggested to compare traditional systems using PVC and CPVC
with the use of prefabricated kits; explore the challenges related to the acquisition of PEX
piping and fittings; compare the use of different systems in apartments located on the top
floor and in areas near the operating limits of pressure reducing valves, as well as consider
methods to standardize the development of cost indicators per linear meter for PEX
systems.
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