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ABSTRACT

Water is an abundant natural resource in some regions such as the Amazon, but is finite and limited. The growing demand for
various social and economic actors, there may be situations of water scarcity. This study evaluates the importance of water in
the construction industry, as a real or virtual element. We intend to quantify the water in monetary or financial calculated based
on rational principles, specifically in construction sites, introducing the budgeting of water as raw material in construction. The
case study methodology is real, the value calculated of water was slightly more than 0.5% of the total cost of the work. This
percentage is apparently little, but is not covering all elements inherent to the principles of sustainability (economic, social and
environmental), which could not be worked out in this article, especially the fact that studies on this subject and approach are
new, incipient, with little theoretical.
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INTRODUCTION

Brazil has one of the largest surface water reservoirs. However, due to the inadequate use of
water resources, associated with an increased demand for several social and economic aspects,
some Brazilian areas face situations of water scarcity.

For mankind, water has always been essential and irreplaceable, since there are no other inputs
that can be used in its replacement, such as what happens to oil and rice, for example, which
can be replaced by solar energy and wheat, respectively. However, the fact that it is essential
and irreplaceable, even for the life of all beings, makes the right of access to water transcend
the individual issue, becoming diffuse and collective, as already stated by PETRELLA (2004).
In building construction, water is an important element for the composition of materials and
also for the development of the services required by the construction, but its connection with
sustainability at the construction site is still a highly discussed issue. Alternatives have been
discovered to make materials and components more sustainable, such as the use and reuse of
water in construction sites and in the operation of the project.

Professor Vahan Agopyan from USP (2016), in his academic research, states that: Concrete
itself loses only to water in the table of most consumed products. In addition, the production
chain needed to obtain cement consumes one third of the planet's natural resources. Besides,
according to Agopyan, 40% to 75% of the consumption of materials in society happen in the
construction industry.

According to GOMES (2015), the amount of real and virtual water present in the concrete varies
according to its strength. For a material with 25 Mpa (Mega Pascal), used for conventional or
small structures, 12,664 m3 of water (12,474 virtual and 0,190 real) are incorporated, while for
a concrete with 45 Mpa (large structures), 13,860 m3 of water (13,670 virtual and 0,190 real).
It appears that, according to this author, the variation in the amount of water is in the virtual
context.

According to Barbosa et al. (2008), the other way of seeing water is to consider it as a natural,
essential and liable to adding economic, political, social and ecological value. This vision is
increasingly present considering, for example, its unequal distribution, which makes it an
extremely valuable resource in regions of scarcity, which has been discussed in national and
international meetings, such as World Water Forums and the Social Forum of Waters.
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The introduction of the term “virtual water” was made by Tony Allan1?. This idea was brought
to the public by this author for almost a decade until he got recognition for the theme, which
involves issues related to the environment, food engineering, agricultural production
engineering, international trade and so many other areas that relate to water. (RISOMAS,2021)
As part of the composition of civil construction inputs, water is present in almost all materials
used, whether in the condition of “virtual water” or as part of the construction site production
process, however, economic value is not attributed, unlike other materials or inputs, which are
considered in the construction budget, such as concrete and steel. This means that water is not
accounted for, financially, economically or environmentally, in the composition of unit costs,
which contains the inputs of services with their respective indexes and values.

When used to produce a good or service, water, as an input, is often not visible or tangible,
being incorporated into the final product. In this condition, the concept of “virtual water”
emerges.

Water, a natural resource with multiple purposes, including the maintenance of life, has become
scarce due to problems of increased demand and climate change, which has already become a
global consensus.

Although water is a very important element and used on a large scale in civil construction, it is
not budgeted, that is, its importance in economic and financial terms is not quantified.

It is possible to study water as an input in civil construction, incorporating it into the budget, as
a component of the composition of construction services, so that the budget will incorporate
sustainability principles. Such principles and approaches related to sustainability require that
this natural resource has its appropriate economic value, that is, that it be valued.

The Sustainable Development Goals (SDGs, 2021) have already been working on the
implementation of indicators, plans and targets that can make cities and communities more
sustainable, as well as providing responsible consumption and production. Within this scenario,
the sustainable use of water becomes present.

Water should be considered as one of the most important resources, among the many existing,
holding an enormous economic value, especially in the construction stages where there is a
variety of water-dependent services.

MATERIALS AND METHODS

In this research, a case study was carried out in 4,420 popular houses built in structural concrete
and masonry walls in ceramic brick.

For the purpose of presenting and understanding the proposed budget mechanisms, a popular
residential design project was used, which was financed by Caixa Econémica Federal (CEF,
2010). This project contains buildings with two floors, each comprising units of 35 m2 of built
area, with the following internal division: two bedrooms, living room, kitchen, circulation,
toilet, bathroom and yard. Figure 01 and 02 demonstrate the layout of the residences.

1 https://www.eni.com/en-1T/low-carbon/concept-of-virtual-water.html
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7Frigu're 01: Floor plén of the models of the houses

Figure 01 shows the layout of the compartments, the suggestion of furniture for the building
and, at the background, the location of the yard with a division for four apartments in each
block.

Figure 02: Perspective plan of the houses

In figure 02, there is a part of the number of houses that will be constructed, with paving around
the building, access to each block and a landscaping that makes up the front of the buildings.
Each building reflects a different reality. However, when choosing materials, there is an
indispensable input in construction, which is water. Such input can be analyzed in any building
standard, sometimes with a higher or lower consumption, depending on how the construction
was planned to be carried out.

After the budgetary and financial analysis, the most used materials in civil construction were
selected, as a way to facilitate the data investigation. A comparative study was carried out with
the data collected in the technical literature, by unit of measure, with the data from the budget
spreadsheet (CEF). A comparative analysis was performed with the inputs of the budget
spreadsheet, in which the consumption of both real and virtual water is present, however, this
consumption is not inserted directly in the composition of the materials.

The data collection used for the development of the research occurred taking as a reference the
composition of the inputs of two manuals: M&os a Obra (ABCP, 2010) and Fiorito (1994), and
the budget spreadsheet practiced by the Secretariat of public works of the state of Para (SEDOP,
2019). All of these references provide information with technical understanding within the
standards adopted in construction sites for civil construction.



Figure 3 presents the Methodology Workflow of the developed study:

Research question: What is the value (or cost) of the water, whether real or virtual, ysed in a civil construction?

|

‘ Case Study: Real design ‘

B: New, inserting the

A elemento water as na input
Original/Traditional in the items/services

\ composition (*)

Answer the question:

tradicional (B —A) (**)

(*) Quantifications of water required in each item / service, whether real or virtual. They were defined based
on the technical literature, without measurements on site, and the unit prices were based on reliable institutions
in the civil construction segment and in the water supply concessionaire.

(**) Only the “total service cost” was considered, which is approximately equivalent to the “values for direct
water users and net benefits return flow”, that is, the “total cost” or “total value™, which contemplate the
environmental, economic and social externalities and the opportunity cost, were not taken into account.

Figure 3: Methology Workflow

RESULTS

Of the 4,420 popular houses built in structural concrete, which cost a total of 150,830,266.82
(one hundred and fifty million, eight hundred and thirty thousand, two hundred and sixty-six
reais and eighty-two cents), it was elaborated a spreadsheet of budgetary values resulting from
the research developed with the main inputs used in this work, with a total cost of R$
49,547,227.16 (forty-nine million, five hundred and forty-seven thousand, two hundred and
twenty-seven reais and sixteen cents), and with water tariff values of R$ 14,40 applied during
the budget period, in the Belém-Para market.

Table 01 shows the quantities and the amount of water used in each service, the total
consumption in liters and m3, the price charged by the water supply concessionaire and the total
price for services with and without the water input.



Table 01 - Budget spreadsheet with data and research results
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Source: Authors
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DISCUSSION

Based on the results obtained, as shown in table 01, there is a comparison of the cost of water
as an input and without valorization as an input. Water as an input has a value of R $
49,820,598.92 (forty-nine million, eight hundred and twenty thousand, five hundred and ninety-
eight reais and ninety-two cents) and without accounting for inputs the value is R $
49,547,227.16 (Forty-nine million, five hundred and forty-seven thousand two hundred and
twenty-seven reais and sixteen cents). In the budgeted amount for water within the budget
spreadsheet in table 01, the total water used in cubic meters is 19,453.93. Considering the value
adopted by the concessionaire (COSANPA, 2019) is R $ 14.04 / m3. Table 2 below shows the
relationship between the value of water as an input, the percentage in relation to the work and
the value adopted for the cost of water.

Table 02: Budgeted amount for water

Budgeted amount for % in relation to Unit value adopted for water
water construction (R$/m3)
R$ 273.371 0,55% 14.04

Source: Authors

The amount of R$ 14,04/m?3 used to budget water as an input in construction is not, in principle,
very significant, increasing the cost by just over 0.50% of the total amount surveyed in the
worksheet. This magnitude, which is insignificant in relative terms, may be due to the fact that
the real value of water was not considered.

The volume of water calculated for budget purposes in this case study is restricted to the
construction steps shown in table 01. Therefore, it is worth mentioning that other construction
steps, such as cleaning the work and hydraulic tests, require a significant amount of water, but
in the present research it was not possible to identify or even estimate this quantity. According
to Roges et al (1998) apud Abad (2007), the real value or the value in sustainable use is the one
shown at drawing 01.

Drawing 01— General Principles for Water Cost and Value
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Source: Roges et al. 1998 apud Abad, 2&)7, adapted by the authors




From drawing 01, it can be inferred that the case study presented in this work was restricted to
the total cost of service. However, the sustainable value of water in civil construction is not
limited to what was calculated in this study. Therefore, it would also be necessary to quantify
the environmental, economic, social externalities, which should constitute the collection cost
(including the onerous grant) and the opportunity cost.

CONCLUSIONS

The world is in an environmental dilemma, including with regard to climate change, and the
scientific community must seek to contribute so that natural resources are used correctly and
sustainably.

This research seeks to contribute to the segments of civil construction and water resources
management in the proposal to introduce water input into the worksheet of the construction.
Considering that water is an indispensable and irreplaceable natural resource in construction
processes and that, so far, it is not considered as an input with a price in a construction’s budget,
it is proposed, in this study, that its value should be budgeted.

In times of global warming, scarcity of water resources and society’s awareness of the
importance of natural resources, the principles of sustainability and the consequent need to
attribute these resources, such as water, economic values compatible with their importance, it
can be considered that the value of water is much higher than what is currently budgeted, which
can be observed when this value is compared to other natural inputs, such as sand and pebble,
for example, which have costs of R $ 59.00 / m3 respectively and R $ 123.08.00 / m3 (SEDOP,
2019). This is probably due to the fact that not all stages of the life cycle of a building have
been worked on, but only the implantation (construction site), with water not being priced at
the project design and planning stage, nor in the later stages of implantation. Therefore, virtual
water is not being budgeted as a whole, only virtual water or even real/physical water that is
used at the construction site as an input. A natural resource, such as water, has real value that
includes all sustainability requirements, that is, economic, social and environmental aspects.
In this research, only the economic aspect was considered, this being the budget for the water
supply service by the concessionaire, with a unit value of R$ 14.04/m? which, in the case study,
has represented 0.55% of the total cost of construction. Certainly, this value, even when
calculated only for the moment of implementation (execution of construction services), as in
the present study, should be much higher if the other phases of a civil construction are
considered (project, manufacture of materials such as steel, cement and masonry) and other
aspects (externalities and opportunity cost), which can be analyzed in future works, which
improve and expand the real and sustainable quantification of water, considering all the
principles of sustainability, as well as in other stages or phases of the building life cycle that, in
this research, was restricted to the implementation/execution.
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