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Abstract

The environmental damage arising from the construction and engineering
services was responsible for the appearance of several norms and resolutions
regulating and directing the sector’s performance. In this article, we research
how professionals with experience in public bids assess the difficulty degree of
the implementation of those requirements and how they assess the environ-
mental legislation regarding the protection and conservation of the environ-
ment, impact on costs, deadlines and the solution to environmental problems.
The results show that industry professionals consider as “high” the level of
difficulty to implement the addressed sustainability requirements, and that the
Brazilian environmental legislation does not comply with its environmental
protection role, increases the possibility of delays and costs of projects and
services and hampers the emergence of solutions that could solve environ-
mental problems.
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1. Introduction

Products and construction services require productive activities that generate

strong environmental impacts. The construction industry is singled out by the
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International Council for Building (ICB) as the human activities sector that
consumes more natural resources and uses energy in an intensive way, generat-
ing significant environmental impacts [1].

“Construction has been accused of causing environmental problems rang-
ing from excessive consumption of global resources both in terms of construc-
tion and building operation to the pollution of the surrounding environment”
[2].

The various phases of construction works interact extensively with the envi-
ronment, and can result in vegetation removal, soil movement (in the Earth-
moving stage), consumption of natural resources for the implementation of con-
crete elements and waste generation associated with various activities [3].

According to Brammer and Walker [4] “the environmental impact of the con-
struction industry is probably larger in developing countries than it is in develop
ones, because developing countries are virtually still under construction, and
that they have a relatively low degree of industrialization, making the construc-
tion industry one of the biggest sectors impacting on the biophysical environ-
ment.”

The construction model practiced in Brazil causes environmental damage due
to the exhaustive usage of non-renewable raw material, the consumption of large
amounts of energy, and it is a great source of waste, thereby causing environ-
mental degradation [5] [6].

This context makes the insertion of more sustainable practices in the con-
struction and building services an item that is usually present in sustainability
agendas. In this regard, the movement towards a more sustainable engineering
has the government as a key agent, seeing that it is a major contractor of engi-
neering works and services.

The State has an essential role in building and achieving sustainability, acting
as the major contractor of goods and services, being able to modify the market-
ing parameters, inserting and charging for the suppliers to adopt an economic
production eco-efficient [7] [8].

Considering the size and cost of public procurement, sustainable public pro-
curement has the ability to play an important role in providing social benefits.
[4].

Sustainable procurement enables public institutions to meet the needs of
goods, services and works considering not only the benefits for the organization,
society and the economy, but also the minimization of environmental damage
[9] [10] [11]. Therefore, the government, as well as ensuring the lowest price in
their contracts, also has the duty to mitigate environmental impacts through the
enforceability of sustainability requirements that must be observed by those who
participate in bidding processes.

Sustainable procurement has been identified as one major alternative and
some researchers have identified that in the future, customer demand and busi-
ness competition will be the dominant reason for driving environmentally sus-

tainable issues [12].
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The term “Sustainable Procurement” is used to represent the bidding process
that incorporates environmental and social aspects in all procurement stages
in order to reduce impacts on human health, the environment and human
rights.

As of January 2010, the Federal Government began to demand more effec-
tively the establishment of criteria for environmental sustainability in the con-
tracting of services or works by the Federal Public Administration, in accordance
with the requirements of the institutions responsible for standardization and
control.

The inclusion of compliance with the environmental requirements established
by the main Brazilian institutions responsible for standardization and control in
the bidding process meant a significant progress in the qualification of technical
requirements and objectives to be used by both institutions responsible for the
bidding process and by the inspection bodies.

The literature suggests that the incorporation of sustainability requirements is
fraught with barriers/challenges. The main barriers and challenges found in the
literature review are:

a) Financial; Informational; Legal; Managerial/structural; Political/cultural;
Product/quality; Priority [4].

b) Absence of internal management structures; Lack of social drive; Low tech-
nical and management capacity; Low multi-stakeholder approach; Low stake-
holder education; Lack of understanding of the SP concept; Lack of basic educa-
tion about SP; The absence of governmental interest in ensuring the promotion
of SP; Lack of political will; Corruption existing among procurement practition-
ers; Lack of capacity of small scale suppliers/contractors; Higher initial asso-
ciated costs [11].

¢) Difficulties in inserting environmental issues in a bid; Lack of support from
senior management team; Lack of support from other staff and workers; Lack of
roadmap or strategy; Lack of management commitment; Other procurement
targets; Contractors abilities; Lack of knowledge/skills; Resource limitations; Poor
communication; Weak processes; Cost reduction focus; Implementation costs
are too high; Lack of training; Complex documentation processes/procedures;
Loss of competitive edge; Focus on reducing cost at expense of environmentally;
Resistance of employees; friendly practices; Lack of contractor awareness; Costs
of improvement are too high; Accounting methods limit green reporting; Pres-
sure for lower prices environmental; Conflict with assembly’s objective; Lack of
understanding of how to insert issues in contracts; Reluctance to change from
traditional practices; Shortage of personnel; Lack of tailor-made training; Lack of
support from suppliers/contractors; Lack of government guidance/support; Vo-
lume of sustainability information; Lack of supplier commitment; Language and
cultural differences; Unwilling to exchange; Limiting standards; Competitive
pressures; Lack of knowledge in the industry; Inhibits innovation; Unwilling to
exchange information; Contractors desire for lower prices; Poor contractor/supplier

commitments [12].
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d) Lack of Building Codes and Regulation; Lack of incentives; Higher invest-
ment cost; Risk of investment; Higher final cost; Lack of public awareness; Lack
of demand; Lack of strategy to promote sustainable construction; Lack of design
and construction team; Lack of expertise; Lack of professional knowledge; Lack
of database and information; Lack of technology; Lack of government support;
Lack of a measurement tool; Increased documentation; Extensive pre-contract
planning; Change resistance; Lack of training; Lack of cooperation [13].

e) Complexity of the certification process and the work execution; Additional
costs with the certification, consulting and sustainable construction; Difficulty in
obtaining supplies; Difficulty to hire and train staff; Focus on short-term entre-
preneur; It takes longer to approve and design; The buyer does not pay addition-
al amount; Few existing research in the country; Little knowledge on the subject;
Little interest from the senior management; Low investment in research; Little or
no public encouragement [14].

f) Lack of funding, restrictions on expenditure and reluctance to incur higher
capital cost when needed; Lack of awareness, understanding, information, com-
mitment and demand; Insufficient/inconsistent policies, regulations, incentives
and commitment by leadership; Insufficient/confusing guidance, tools, demon-
strations and best practice; Vagueness of definitions and diversity of interpreta-
tions; Separation between capital budget and operational budget; Lack of suffi-
cient time to address sustainability issues; Lack of long-term perspective; General
perception that addressing sustainability always; Leads to incurring greater cap-
ital cost; Resistance to change; Insufficient integration and link-up in the indus-
try; insufficient research and development [15].

g) Cost concern, Lack of understanding of how to incorporate environmental
issues into buying; Reluctance to change from traditional practices; Conflict with
company’s objective; Loss of competitive edge; Resistance of employees; Short-
age of personnel; Lack of government support; Lack of knowledge in the indus-
try [16].

h) Costs; Local nature of project; Lack of resources; Exposing poor environ-
mental performance; Lack of information; Confidentiality; Fragmented industry;
Small number of suppliers (poor competition); Scale of supply chain; Lack of
industry-wide consistent environmental criteria; Procurement legislation; Clini-
cal preference; Food culture; Inertia by project stakeholders; Supplier’s (manu-
facturer) reluctance to change [17].

i) Cost price; Social and environmental considerations; Lack of a policy on
sustainable procurement; Lack of support from the senior management on the
implementation of the concept; Lack of skills and knowledge; lack of knowledge
about sustainable procurement [18].

j) Cost Reduction; Efficiency; Outsourcing procurement; Sustainability legis-
lation; Green credentials of goods/services; Availability of green products/ services;
Clear legislation on green procurement; Ethical credentials of supplier; Carbon
footprint; Ability to provide green data; Ethical credentials of products/services;

Green credential of supplier [19].
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According to Bramer [4] “research in sustainable procurement has tended to
examine particular case studies, often taking a sectoral perspective by investi-
gating how sustainability can be encouraged when buying from suppliers in spe-
cific industries”.

Several researches were developed aiming to study of sustainable procurement
initiatives in the building and construction [11]-[16] [20] [21].

Regarding the Brazilian environmental legislation, it is often brought as one of
the most complete in the world. However, when considering the degrading ac-
tivities, it has not been considered capable to achieve the objectives that justify
its existence, especially in what it refers to the compatibility of economic growth
with environmental protection [22], and when considering structural and con-
junctural aspects of the Brazilian reality, many problems that result in a scarce
implementation of environmental legislation are caused by a normative imple-
mentation failure, due to the inefficiency or to elements that mitigate their effec-
tiveness [23].

In this article, we research how professionals with experience in public bids
assess the degree of difficulty existent in the implementation of sustainability
requirements that aim the protection and preservation of the environment in
construction and engineering services, and how do they assess the environmen-
tal legislation concerning protection and conservation and the impact on cost,
deadlines and the solution of environmental problems proceeding from theses
works and services.

The main purpose is to collaborate to understand how—in practice—the sus-
tainability requirements present in Brazilian legislation influence the bidding
processes of engineering works and services. In this sense, it also broadens the
discussion on the subject, since in Brazil there are no studies that approach the
subject from the perspective of the engineering professionals who participate in

these processes.

2. Materials and Methods

Initially, we carried out a field research in order to identify the perception of ex-
perts about the difficulty with which one can implement the main sustainability
requirements foreseen in the Brazilian environmental legislation for sustainable
procurement of engineering works and services:

1) Act with less impact on natural resources such as flora, fauna, air, soil and
water;

2) Use materials, technologies and raw materials of local origin;

3) Use natural resources with environmentally regular origin;

4) Build projects with longer life and lower maintenance costs;

5) Use or produce innovations that reduce the pressure on natural resources;

6) Operate with greater efficiency in the use of natural resources such as water
and energy.

Afterwards, dealing specifically with the Brazilian environmental legislation,

we identified the agreement or disagreement of the respondents regarding the
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following statements on environmental legislation:

1) Adequately fulfill their protective role in the environment;

2) Increase the possibility of delays in projects and services;

3) Increase the costs of projects and services;

4) Hinders the emergence of solutions that solve environmental problems.

The data collection instrument was a questionnaire in which, to each one of
the sustainability guidelines, respondents expressed the implementation diffi-
culty, according to a Likert scale of five points—ranging from extremely difficult
to no difficulty. For statements about environmental legislation respondents had
to mark “yes” or “no”.

A blank was made available so that respondents could comment on the sur-
veyed items, if they thought necessary.

Engineers with experience in bidding process design and execution of engi-
neering works and services were selected as respondents, characterizing an in-
tentional sample. Thirty-five (35) experts were invited, and thirty (30) agreed to
participate.

A pretest was conducted with two experts in order to identify possible doubts.
In order to visualize and analyze the data of Likert type items, it was used the
“R” tool, a free software environment for statistical and graphical calculations,
through the “R Likert Package” [24], which performs parametric tests in Likert
scale [25] [26] [27] [28] [29], using the principles exposed by Speerschneider and
Bryer [24] and Wakita ef al [30].

Using this tool, the reliability of the respondents and the data collection in-
strument was estimated by checking the internal consistency of the question-
naire through the Cronbach’s Alpha coefficient [31], which enabled the mea-
surement of the variance of the responses of each item and each respondent [32].

Cronbach’s Alpha coefficient is one of the most important and widespread
statistical tools in researches involving the elaboration of tests and its applica-
tion, because it takes into account the variance attributed to the subjects and the
variance attributed to the interaction between subjects and items, resulting in an
index used to evaluate the magnitude in which the items of an instrument are
correlated, making it possible to evaluate the correlations average between the
items that are part of an instrument and the extent to which the factor measured
is present in each item [33].

The “R” environment was also used to calculate the distribution curves of
each item referring to the results of the application of the IMS to the dimensions
of Sustainability and to the potentialities and limitations, which served as a basis
for the classification of items in function of the relevance and concordance de-
gree and to the elaboration of graphics.

The data obtained using Likert’s psychometric scale were subsequently con-
verted into numbers ranging from 5 to 1. In this manner, medians above 3 or
50% characterized high relevance or agreement.

For the analysis and interpretation of results it was also considered the com-

ments made by respondents.
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3. Results and Discussion

Process for Integrating Sustainability into the Construction
Companies

Table 1 and Figure 1 present the survey results regarding the difficulty with
which the sustainability guidelines can be implemented, ranking them by the
level of difficulty. In Figure 1, the values to the left of the bars represent low dif-
ficulty (sum of percentages of No Difficulty and Little Difficult), the right side of
the bars represents high difficulty (sum of the percentages of Very Difficult and
Extremely Difficult) and in the center of the bars the values refer to Moderate
Difficulty.

The Cronbach alpha’s value (0.80) was considered high [34], which proves the
reliability of the data collection instrument and the respondents.

The modes of the answers related to the degree of difficulty are located on
“High”, and the medians are between “High” (1, 2, 3, 4, 5) and “Moderate” (6),
which shows a sense that most respondents tend to rank as high difficulty to

implement all sustainability guidelines (Figure 2)

Table 1. Survey results: difficulty to implement sustainability guidelines.

Difficulty level Sustainability Guidelines Low (%) Moderate (%) High (%) Mean SD
Act with less impact on natural resources such as flora, fauna,
1 R 0 30 70 3.80 061
air, soil and water
2 Build projects with longer life and lower maintenance costs 10 27 63 3.80 0.96
3 Use materials, technologies and raw materials of local origin 7 40 53 3.50  0.68
4 Use natural resources with environmentally regular origin 13 37 50 343 0.82
Use or produce innovations that reduce the pressure on
5 7 43 50 3.53 0.78
natural resources
Operate with greater efficiency in the use of natural resources
6 10 43 47 3.47 0.82
such as water and energy
Cronbach’s alpha = 0.80.
Difficulty in implementing the sustainability guidelines
T
Acting with less impact on natural resources such
9 aspﬂora, fauna, air, soil and water 0% 30% _ 70%
Build projects with longer life and lower
Using materials, technologies and raw materials
Using or producing innovations that reduce the
pressure on natural resources % 43% _ 50%
Using natural resources from environmentall
Acting more efficiently in the use of natural
resources such as water and energy 10% 43% _ 47%
100 50 0 50 100
Percentage
Response [JINo Difficutty | Difficult || Moderately Difficut [}l Very Difticut [JJJ Extremely Diffcut

Figure 1. Survey results: difficulty to implement sustainability guidelines.
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1 - Operate with greater efficiency in the use of
natural resources such as water and energy
2 - Use or produce innovations that reduce the
pressure on natural resources
3 - Use natural resources with environmentally
regular origin

4 - Use materials, technologies and raw
materials of local origin
5 - Build projects with longer life and lower
maintenance costs
6 - Act with less impact on natural resources
such as flora, fauna, air, soil and water

0% 50% 100%

Elow (%) ™ Moderate (%) ®High (%) Median = 50% 4 Mode

Figure 2. Survey results: mode and medians.

The main reasons used by respondents to mark the judgment as to the diffi-
culties of implementing the sustainability guidelines were the rising costs—
mainly the cost of longer life materials and the cost of acquisition/production of
more sustainable technologies; the difficulty of access to technology and more
sustainable products and the lack of public policies and government incentives.

According to Adjarko er al [12], cost concerns are the main obstacle for tak-
ing environmental issues into account in the procurement process.

The additional cost of sustainable construction consists on the cost difference
between the sustainable and the conventionally produced version, taking into
account all expenses (construction, design, certification, etc.), except for the ter-
rain [35].

The fear of higher investment costs for sustainable buildings compared with
traditional building [13], coupled with the fact that the economic results alone
do not justify the additional investments [14], collaborate to a scenario where
entrepreneurs find it difficult to develop more sustainable enterprises.

Moreover, depending on the minimum attraction rate established by each en-
trepreneur, the additional cost required by a venture can be considered a differ-
ence between its economic validation or not [14].

Regarding the difficulty of access to more sustainable technologies and prod-
ucts, a Brazilian civil construction chain has a low tradition of innovation [36],
making it difficult to develop environmental technologies, which provide solu-
tions to reduce the influx of substances, reduce the consumption of Energy and,
like emissions, reuse by-products and minimize waste disposal problems [37].

Although the incentive for innovation is one of the virtues of sustainable bid-
ding, Brazil lacks environmental public policies that adequately stimulate tech-
nological innovation, since the focus of these has usually been on the protection
and conservation of natural resources.

What is seen is that governmental regulations and standards have collaborated
to reduce the environmental impacts of engineering works and services. Howev-
er, this legal apparatus has not been shown to be the most effective mean, nor
has it offered sufficient and adequate incentives for innovation to occur as an

addition to punctual solutions. In fact, the country lacks environmental policies
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that consider the entire innovation cycle and all actors involved.

The results referring to the adequacy of environmental legislation are summa-
rized in Table 2.

The vast majority of respondents believe that environmental legislation does
not adequately comply with its environmental protection function, increases the
possibility of delays and cost of projects and services and hampers the emer-
gence of solutions to environmental problems.

The vast majority of respondents believe that environmental legislation does
not adequately comply with its environmental protection function, increases the
possibility of delays and cost of projects and services and hampers the emer-
gence of solutions to environmental problems.

The main reasons pointed by the experts are that the Brazilian environmental
legislation needs to be improved because it is complex, bureaucratic and hinder
the development of solutions/innovations; that punishments are ineffective and
excessive, and the slowness in the analysis of licensing procedures are factors
that impact deadlines and costs. Also, it was found a demand for technical
guidance and training of the parties involved.

The Brazilian legislation applied to Civil Construction, especially regarding to
building codes and technical norms of materials and processes, does not privi-
lege and sometimes limits the investment in practices that allow more sustaina-
ble constructions. On the other hand, international experience shows that legal
incentives can be important tools for the large-scale introduction of solutions
that enable more sustainable construction [36].

The Brazilian environmental policy, in order to achieve harmony between ex-
ploration and preservation, uses regulatory forms to human action before na-
ture, through fundamental principles established by law [38].

The challenges to be overcome by Brazilian environmental policy include lack
of political will and priority, inter-sectoral fragmentation, legitimate participa-
tion, the inconsistency between laws and practices, and state ambiguity over
private interests [39].

The justifications given by the respondents meet the research of national and
international specialists who publish on the subject (Table 3), which shows that
the barriers and challenges identified by the survey are not unique to the Brazil-

ian reality.

Table 2. Adequacy of environmental legislation.

Environmental legislation Yes (%) No (%)
Adequately fulfill their protective role in the environment; 17 83
Increase the possibility of delays in projects and services; 97 3
Increase the costs of projects and services; 97 3
Hinders the emergence of solutions that solve environmental problems 83 17

Kuder-Richardson (KR-20) = 0.92.
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Table 3. Barriers and challenges to the sustainability requirements implementation in
public procurement of engineering works and services.

Barriers/Challenges
Survey Literature

Higher costs (4] [11]-[19]
Inadequate legislation and procedures [4] [11] [12] [13] [14] [15] [17] [19] [22]
Need for training/technical guidance [11] [12] [13] [14] [16] [18]
Ineffective and excessive controls and punishments [23]
Slowness in the analysis of licensing procedures [40] [41]
Difficult access to technologies and more (4] [13] [14] [17]

sustainable products

Specifically on the inspection process, we consider that the Brazilian envi-
ronmental legislation requires a considerably large oversight body to guarantee
that the compliance of the standards established by governmental spheres can be
properly monitored. Vaz [40] mentions the tiny number of taxation authorities,
the continental size of the country and the existence of corruption as an example
of factors that make the control actions one of the weakest points of the state.

As to the delay that licensing agencies face in the analysis of environmental li-
cense applications, Pedro [41] considers that this is not due to technical failure
of those bodies, but the budgetary difficulties and the small number of available

technicians.

4. Conclusions

The survey reveals that entrepreneurs tend to consider as “high” the difficulty to
implement the main sustainability requirements of Brazilian environmental leg-
islation for bidding processes of construction works and services.

It also acknowledges the tendency of entrepreneurs considering that the envi-
ronmental legislation does not comply properly with its protective role, increases
the possibility of delays and cost of projects and construction services and ham-
pers the emergence of solutions that could solve environmental problems.

In several researches related to the theme, selected through literature review,
the challenges and barriers identified are also present, which shows that they are
not exclusive to the Brazilian reality.

The results point out the need to think of a more participatory environmental
legislation development process, in which the demands of the construction in-

dustry can be discussed.
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