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Abstract: This research emphasizes the analysis and assessment of the environmental impact in the
construction sector. It aims to propose a model for analyzing the management of environmental
resources in the building process. This specific sector presents a significant potential risk of negatively
affecting the environment, through pollution, energy consumption, and waste generation. Envi-
ronmental responsibility involves analyzing the environmental impact and implementing effective
solutions for an adequate governance of the environmental resources. Various life cycle assessment
methods are employed to design a new model of management of environmental resources, starting
from the factors impacting the environment. The resulting model takes these factors into account and
carries several advantages from an organizational point of view. One novel result is that the model
can be applied at a microeconomic level as well as at a macroeconomic level. By implementing this
model, the preconditions for reconfiguring operational conditions and processes with significant
impact on resource consumption within construction projects can be created at a company level. As
such, the objective for the construction sector is to manage the use of resources efficiently and, at the
same time, to restore the areas possibly affected by the specific operations.

Keywords: construction; environment; environmental management; environmental resources; en-
ergy consumption; life cycle assessment

1. Introduction

The construction industry is deemed one of the major sources of environmental
damage in the world [1]. The building process is not environmentally friendly by its
sheer nature, starting from the supply of materials, continuing with the resources that
are consumed, and ending with the overall effects on the surrounding environment. Its
environmental impact has become highly relevant.

At a worldwide level, construction is responsible for about 50% of carbon emissions,
20–50% of consumption of natural resources, and 50% of total solid waste. Most of this
occurs during the operational stage, causing a significant environmental impact [2,3]. The
construction sector has an enormous influence on the environment and on the resources
available. Moreover, it causes environmental harm, specifically air, soil, and water pollution.
As a consequence, the need to mitigate such impact is stringent.

In recent times, more and more studies try to integrate sustainable practices into
the construction process. As a general rule, opinions converge about the most impor-
tant sources of environmental impact, such as the consumption of energy and resources,
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polluting emissions, waste disposal, adverse influence on biodiversity, as well as social
disturbances and risk of accidents [4–6]. Furthermore, construction has become an impor-
tant pillar in many national economies, driving energy consumption, emissions, and social
impact to a higher level [7].

It was demonstrated empirically that energy consumption in the construction industry
might represent even 40% of the overall energy demand in a developed country [8]. The
role of buildings in addressing climate change issues becomes highly important due to
their role in the total volume of greenhouse gas emissions and the increasing domestic
energy consumption at global level [9].

When combining life cycle assessment (LCA) methods used with energy consumption
during construction, Sartori and Hestnes (2007) found a linear relationship between the
operating and the total energy demand by aggregating results from a total of 60 cases of
buildings in nine countries [10]. The different components of energy also play an important
part in the life cycle. According to Optis and Wild (2010), the embodied energy can reach
up to 51%, the operational energy even up to 97%, while disposal energy just 3% [11].

As such, employing eco-friendly and energy-saving construction methods can be a
valuable method for saving fossil fuels and reducing emissions of greenhouse gas. The
current period sees a substantial growth in the significance awarded to the energy used
during the construction process, a step that was taken into account earlier in energy-
certification procedures.

The long-term success of a construction company implies the adoption of a sustainable
business strategy that meets its objectives and the expectations of the shareholders, but at
the same time aims to protect and preserve the natural resources that are left as a perpetual
inheritance for future generations [12–14]. It is a fact that the environmental dimension has
become a prerequisite element in the strategy of successful companies in the long run [15],
even if the result on investment efficiency has not been completely assessed as positive [16].

Through its managerial activities of continuously improving processes, a construction
business aims to satisfy customers’ needs, preserve sound commercial relationships with
partners, and establish trust with stakeholders. As stakeholders we can consider: the
owners, the managers, the employees, the customers, the suppliers, the business partners,
the local community, the media, and the society as a whole [17–20].

From a sustainability point of view, the management of the company is responsible
for setting up the internal standards of compliance with environmental requirements, in
line with the national legislation in the environmental field. Some opinions in the literature
suggest that applying such standards is facing many challenges, while education and
training of personnel to correctly understand and implement these standards could be
initially deemed costly for companies [21]. Research finds that environmental managers
are destined to play a crucial part in advancing the environmental responsibility and
sustainability in their respective businesses [22]. As such, it is imperative to raise the
awareness of project managers concerning the environmental impact in the construction
process [23].

This research contributes to the literature on responsibility and management of en-
vironmental resources in the construction sector. Following a thorough analysis of the
models to date, it proposes a novel approach through a model that shares some elements
with existing methods in the literature, but nevertheless features several advantages. The
research focuses on some specific elements of environmental resources management to
the detriment of other elements such as cost (materials, human resources, transport, etc.),
productivity, profitability, or business ethics. This approach was chosen to determine a par-
ticular model to identify the specific environmental impact of the construction sector. The
model can be applied for environmental assessment in construction at the microeconomic
level, as well as at the macroeconomic level, using a summative approach.

The research is structured in the following sections. Next, the literature review high-
lights some of the most important propositions regarding models of analysis for responsibil-
ity and governance of environmental resources in the construction sector. The third section
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presents the methodology of the research. A model for the responsibility of environmental
resources in the construction sector is developed in the fourth section. The concluding
section discusses the results of the model and highlights the contribution of this study to
the existing literature in the field.

2. Literature Review

There are several approaches to the models of responsibility analysis and management
of environmental resources in the construction sector in the specialized literature. Among
the most used in the research carried out so far are models based on the dynamics of
environmental governance and involving transversal transaction costs; new business mod-
els that incorporate management of environmental resources; adaptations of cost–benefit
analysis in the field of environmental performance; environment–cost–time optimization
methods (including those based on genetic algorithms), models based on life cycle as-
sessment (LCA) use; specific corporate social responsibility (CSR) models that integrate
environmental resources.

Several research papers in the literature consider that environmental governance has
its own dynamics that may have micro or macroeconomic explanations. Bolognesi and
Nahrath (2020) use the concept of Transversal Transaction Costs (TTC) as a significant
trigger of management failures. They show that TTC plays an essential role in restricting
the possibility of environmental governance to manage the use of natural resources. Their
research has also demonstrated that environmental management is confined to an Institu-
tional Complexity Trap (ICT) that explains some of the failures in coordinating the use of
natural resources [24].

Mokhlesian and Holmen (2012) highlight that the involvement in the development of
sustainable buildings will determine companies in the field to reconfigure their business
models regarding the following elements: capability, value configuration, partner network,
value proposition, and cost structure [25]. The idea of reconfiguring business models and
processes as a result of the impact of changing resource use models is also emphasized by
Isik et al. (2010) and Jang et al. (2019) [26,27].

The resources challenge is one of the first conditions the business models adopted by
companies in the field of construction need to face. In the case of construction companies,
business internationalization is correlated with the degree of engagement of the company
in environmental protection activities [28].

The results of the research in the aforementioned studies are explainable because the
new business models adopted in the field of construction must incorporate the relationship
with the stakeholders of a legal and institutional nature (the legal regulations in the
field of the environment) and with the new values of the customers in the markets in
which they exist and the demand for new projects, which includes more attention paid to
environmental issues.

Shen et al. (2019) have adapted the cost–benefit analysis by customizing it to ana-
lyze the cost-effectiveness and environmental benefits. This model considers the costs
and benefits regarding the following elements: energy consumption, water conservation,
construction waste, attrition rate of steel and concrete. The application of the elaborated
model was realized in the field of prefabricated construction [29].

Other models only partially consider a number of environmental protection issues.
Feng et al. (2018) developed a comprehensive environment + cost + time optimization
method for construction companies taking into account the effects of global warming. Their
method allows taking into account the environmental protection aspects in project planning
in an optimization model together with two essential parameters in project planning (cost
and time) aimed at facilitating the decision-making processes of the contractors in the field
of construction [30].

The typical approach for environmental impact assessment is the life cycle assessment
(LCA), according to research conducted by Ding (2008) [31]. Buyle et al. (2013) perform a
comprehensive review of LCA models used in the construction sector, both in the legislative
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framework that regulates this field of activity and the case studies found in the academic
literature [32]. An LCA is one of the most recognized and used models for evaluating the
environmental performance of the building process and operations.

Most such assessments consider that four steps are required for LCA: the definition of
goals, analysis of inventory, impact assessment, and improvement valuation. Life cycle
assessment generally follows the knowledge that the impact of the building sector on the
surrounding environment focuses on the following elements: greenhouse effect or global
warming, acidification, eutrophication, photochemical smog, depletion of resources, and
eco-toxicity [33,34].

However, Ortiz et al. (2009) extend the main effects of the construction process on the
environment related to the LCA perspective to include excessive consumption of energy
and creation of waste [35]. Eun et al. (2009) consider that the impact of construction on
the environment may be best relevant to high energy consumption and waste of materials,
generation of dust, air, and water pollution, as well as various toxic wastes produced
during the construction process [36].

The use of life cycle assessment in the field of construction has led to the customization
of the method according to the purpose of the research carried out. Li et al. (2010) proposed
an evaluation model based on LCA. Applying this model led to the conclusion that reducing
the dust generated from construction, reuse of water, and minimizing concrete waste were
the most important means of reducing the environmental impact of the categories of works
analyzed [37].

Bilec et al. (2006) conducted a holistic analysis of the environmental impact of construc-
tion work processes by applying a hybrid variant of LCA [38]. Sandanayake et al. (2018)
used LCA in an attempt to analyze the environmental impact in different geographical
areas (focused on air emission impact assessment). In this research, five major impact
categories were ranked related to construction activities: global warming, acidification,
eutrophication, photochemical oxidation, and human toxicity. These impact categories
were then compared at the international, regional, and national level [39].

Researchers in the literature consider that LCA has a sequential approach to sustain-
ability, lacking the economic and social aspects of sustainability [40]. In their view, LCA
should be part of a complex of methods that includes various approaches to a sustainability
assessment in the construction sector: environmental impact assessment, environmental
and social impact assessment, strategic environmental assessment, technology assessment,
and LCA.

To reduce some of the limitations of LCA-based approaches, Ozcan-Deniz et al. (2011)
introduced an approach based on genetic algorithms of the time–cost–environment rela-
tion in the realization of the construction projects taking into account the environmental
aspects [41].

Several models, such as that of Chegut et al. (2019) integrate environmental aspects
into the broader innovation processes by analyzing the marginal cost for green buildings.
The erection of green buildings assimilating some results of research, development, and
innovation in the field brings significant effects on the overall impact of construction.
Their research shows that the energy efficiency of buildings plays an important role in
reducing carbon externalities [42]. Other research considers the effects of construction on
air quality [43].

For the management of environmental resources in the construction sector, an impor-
tant role is played by spatial planning, which can include both opportunities and barriers.
The spatial plan embodies the policy in the field of urban planning. All buildings, refur-
bishment or retrofitting and landscape or infrastructures have to comply with rules and
models present in spatial plans [44]. Among the opportunities offered by spatial plans for
the management of environmental resources in the construction sector are enhancing and
protecting natural resources and natural heritage; reducing environmental damage; devel-
oping energy resources while maintaining safety [45]. However, in the study conducted
by Fontao (2020) it was concluded that the rules established by the spatial plan for seven
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cities in Portugal do not concern energy or water conservation in buildings. Moreover, the
rules established by spatial plans do not promote sustainable buildings [44]. Other authors
consider that a complete realization of the concept of a universally designed, healthy city
requires a comprehensive public space management plan [46]. Spatial planning can also
act as an important factor for low-carbon development objectives [47].

Some models of analysis of environmental resources in the construction sector are
those specific to CSR that integrate environmental problems (including those of resource
consumption) in the overall social responsibility of construction companies. Xia et al. (2018)
based on the selection and systematic analysis of 68 articles and scientific communications
dedicated to the topic of CSR in the field of construction, published between 2000 and 2017,
concluded that there is a link between CSR and sustainable development in the field of
construction [48]. This link can materialize in a number of areas where CSR can contribute
to achieving the goals of sustainable development: changes in traditional procurement
procedures, improvement of legislation in the field of environmental protection, integration
of environmental aspects in the approach of CSR by small and medium-sized enterprises in
the construction field. Improvement of legislation in the field of environmental protection
may include some optimal directions of legal changes:

• Supplementing the annexes to Directive 2014/52/EU on the assessment of the effects
of certain public and private projects on the environment with real estate development
projects and projects of new residential complexes with a built-up area of more than
20,000 sqm;

• Completing the EU Criteria for Office Building Design, Construction, and Manage-
ment with a clearer definition of comprehensive criteria regarding the project manage-
ment of building contracts that have met or exceeded the environmental performance
requirements set by the customer with the minimum level of environmental per-
formance requirements required by the customer regarding the following aspects:
installation and commissioning of building energy systems, site waste management,
incorporation of recycled content;

• Expanding practices at a national or European level and creating global sustainable
building codes to promote minimum standards of sustainable construction.

All these changes will face a number of obstacles. Supplementing the annexes to
Directive 2014/52/EU on the assessment of the effects of certain public and private projects
on the environment and completing the EU Criteria for Office Building Design, Construc-
tion, and Management will meet the opposition of real estate developers, customers of
projects in development, but also to some of the builders. Furthermore, the adoption and
implementation of globally valid sustainable building codes will encounter opposition
from some member states regarding their implementation at a national level.

3. Materials and Methods

Environmental impact assessment is a systematic approach entirely in line with na-
tional environmental legislation. Its goal is to put activities with important environmental
effects under the scrutiny of an environmental impact assessment process. This process
tries to measure the environmental impact of several construction and production activities,
under various conditions that may occur in the mid-term and in the long-term. Tiwari et al.
(2016) performed a comprehensive review of environmental impact assessment methods in
construction projects [49].

As concerns for sustainable development in the construction sector mount, alternative
methods are developed by companies so as to diminish the environmental impact of
buildings. The life cycle cost (LCC) approach is such a method and maybe the most
efficient one for measuring the cost of designing a building. By employing the LCC
method, the building’s design can be integrated into the whole construction process. It is
also helpful for identifying the possibilities to achieve efficient energy consumption, the
best lighting method, and optimum heating, ventilation, and air conditioning layout. The
aim is to arrive at the lowest overall costs possible. LCC is a complex action as it takes
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many variables into consideration, practically all categories of expenses associated with
the stages of the building process.

Estimating the cost for different options of a construction project would carry a
practical meaning for potential investors to choose one particular building project among
various others. For example, even if one project means a high preliminary cost, after
starting the operational stage, the comparative cost may be essentially smaller, due to
reduced energy consumption [50].

The life cycle management combines three different viewpoints: the one of the man-
ager, on how to integrate environmental aspects into decision-making; another, of the
engineer, on how to reduce the environmental impact of the operations; and the last, of the
leader, on how to develop a lasting organizational culture [51].

Life cycle assessment (LCA) and life cycle cost (LCC) relate to the complete construc-
tion process. The two methods may be employed together in practice to generate a better
outcome that encompasses both the potential life cost and the potential environmental
impact. Their combined use has the benefit of

• Choosing an optimum technical solution;
• Identifying a technical solution that meets the required environmental targets at the

lowest cost;
• Calculating the environmental impact costs;
• Making an investment appraisal [52].

Indeed, the LCA method has not been employed on a large scale for newer models of
eco-friendly buildings among managers in the construction sector. Asdrubali et al. (2013)
investigated three different types of buildings, including all the life-cycle stages, starting
with the supply of the building materials, to logistics and assembly during the operational
phase, until the final stage of all elements. They found that the operational phase has a
major impact on the whole process (77% to 85%), while the influence of the building stage
reaches only from about 14% to 21% [53].

Sharma et al. (2011) also contrasted the environmental impact of various buildings
in their construction phase, concluding that LCA may be an essential tool, especially for
buildings that strive to be energy-autonomous [54]. The use of LCA techniques in the
design of new buildings has immense potential to achieve energy savings. Zabalza et al.
(2013) designed an energy saving by fostering the development of life cycle assessment in
buildings method, based on LCA for usage in an entire planning process. The method has
been developed as a means to enhance the environmental performance of constructions
and to serve as an energy savings measurement tool for project managers responsible for
the various phases of the building process [55].

However, even if the qualitative approach is the most popular one in identifying and
analyzing the pollution and risks generated, it should be accompanied by quantitative
tools coupled with measurement indicators so as to control the impact along the construc-
tion stages. One such quantitative method for incorporating environmental aspects in
constructions through a system of environmental indicators was developed by Borja et al.
(2018) [56]. According to Gangolells et al. (2013), there is a limited number of studies
that focus on the control of environmental performance during the construction stage and
the integration of an environmental management system with a quantitative construction
management system [57].

Some authors managed to develop a set of criteria for the adoption of sustainable
management practices in the building sector, aimed at decreasing the environmental impact
generated during the construction phase [58].

Predicting and monitoring the major environmental impact of construction, together
with designing a prevention mechanisms, are essential for the building activity [59] and for
the effectiveness of the environmental management system [60]. Furthermore, most of the
impact can be controlled and mitigated by the project manager during the pre-construction
phase [61], thus improving the sustainability of the building process.
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Moreover, a quantitative measurement of the environmental impact of a building in
the works can help managers identify the main environmental impact elements and design
ecological construction planning in the initial phase of the building.

This is especially important, as the building sector has a large contribution to the
pollution of the environment, significant consumption of energy and generation of solid
waste. Unfortunately, there is no coherent framework for the use of the disposed waste,
which harms the environment, contributes to rising energy consumption, and depletes
landfills [62]. Currently, the construction process is focused on using concrete, steel, and
masonry as the most important building materials. Such materials generate a profound
environmental impact, especially because demand and production are carried out on a
large scale. Energy and water, among different resources and materials, are consumed in
the construction process by temporary facilities. A study by Enshassi (2014) revealed no
less than 47 environmental impacts of construction projects. Among these, the consumption
of resources stood out as the main impact affecting the environment [63].

As a result of competitive development, businesses are designed to strike a balance be-
tween environment and economic performance. Thanks to the use of logistic management
processes, waste streams in their processes have become more cost-effective. Application of
solutions proposed by authors who used mathematical formulas which allowed them to es-
timate the cost of logistics in industrial waste management led to significant improvements
in this area [64].

Some authors are analyzing the environmental impact by using specific indicators of
the environment to ensure that a business benefits from a dynamic and efficient navigation
system which, at the same time, may act as a milestone in the comparison of performance
outcomes by rival companies [65].

The systematic analysis of the environmental impact assessment can be illustrated by
means of the life cycle approach, which shows the multitude of effects of all the factors
related to the environmental impact of a building’s life cycle (see Figure 1) [66].
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The life cycle assessment (LCA) basically analyzes the emission of dangerous sub-
stances in the air, water, and soil, as well as the materials used throughout the building
process. A building is a difficult outcome to be pinpointed, with a multidimensional use in
just an individual unit. Moreover, the construction sector is a complex system of products
with multiple functions, different users, and various life cycles (see Figure 2) [67]. LCA
investigates the estimated impact of supplying raw materials in the process of construction,
production, use, and finally, disposal.
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The LCA method shows how the consumption of energy in a supply chain plays a
crucial role in the total environmental performance of the suggested approach, as well as
the energy intensity of the specific technology used [68].

LCA studies range from quite basic to very complex depending on the number of
elements that are analyzed, the complexity of the process that is investigated, and the type
of impact factors that are taken into consideration.

The LCA analysis is an adequate method that can be used to assess the impact of a
construction process on the environment. It offers the benefit of analyzing the complete
process of energy usage, including the energy incorporated into the materials used [69–72].

According to industrial standards, an LCA includes four main phases: the definition of
the goals, a life-cycle inventory, the life-cycle impact analysis, as well as the interpretation
of results.

4. Results

Several specific factors must to be taken into account in order to develop a model for
the responsible management of environmental resources by a construction company.

Firstly, the potential opportunities and threats of choosing a certain building technol-
ogy need to be identified. Secondly, the suitable technological capabilities of the specific
construction company have to be assessed. Finally, the acquisition of the building tech-
nologies and materials from local or foreign suppliers and their usage, are characteristic
elements required for a proper strategic management of environmental resources [73].

The most frequently occurring environmental aspects are grouped in Table 1, according
to the operating conditions prevailing on a specific building site and the environmental
impact they generate [74,75].
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Table 1. List of centralized environmental aspects and significant environmental impact factors.

Criteria Score and Interpretation

1. Size/magnitude
impact

0
Minimal

can be fixed immediately

2
Small

short-term

4
Medium

lasting, reversible impact

6
Serious

significant
emission

8
Very serious

lasting environmental
damage

10
Extreme

puts human life directly
in danger

Control threshold: 2; greater than 2 means environmental impact

2. The frequency of
occurrence

0
Unlikely

measured in decades,
can only occur in

very special conditions

1
Very rare greater than

once a year, can appear
in case of serious

irregularities

2
Rare

once a year

3
Occasional

once per month

5
Periodic
once per

week

6
Permanent

daily, accompanies
normal operation

Control threshold: 2; greater than 2 means environmental impact

3.1 Emissions of harmful
substances in the air

0
Minimal

can be remedied
immediately

2
Reduced

short-term

4
Medium

lasting, reversible
impact

6
Serious

significant emission

8
Very serious

lasting, environmental
damage

10
Extreme

3.2. Emissions of
harmful substances in

water

0
Minimal

can be remedied
immediately

2
Reduced

short-term

4
Medium lasting,

reversible
impact

6
Serious

significant emission

8
Very serious

lasting environmental
damage

10
Extreme

3.3 Emissions of harmful
substances in the soil

0
Minimal

can be remedied
immediately

2
Reduced

short-term

4
Medium lasting,

reversible
impact

6
Serious

significant emission

8
Very serious

damage

10
Extreme

3.4. Amount of resources
used

0
Minimal

can be remedied
immediately

2
Reduced

short-term

4
Medium
lasting

6
Serious

significant amount

8
Very serious

lasting damage to
environment

10
Extreme

Control threshold: 2; greater than 2 means environmental impact
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Table 1. Cont.

Criteria Score and Interpretation

4. Health risk
0

Minimal
2

Reduced
4

Medium
6

High
8

Very high
10

Extreme

Control threshold: 2; greater than 2 means environmental impact

5. Predictability
of the impact (in the

initial stage)

0
Good

project well done, took in
account all

issues/green
construction

- 4
Medium

not all aspects were
considered

- - 10
Poor

environmental aspects
have not been taken into

account

Control threshold: 4; greater or equal to 4 means environmental impact

6. Compliance with
relevant legisla-

tion/standards/existence
of “stable values”

0
Good

compliance with
legislation and standards

in force

- 4
Medium

partial compliance/
levels not covered

- - 10
Non-compliance

Control threshold: 4; greater or equal to 4 means environmental impact
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The interpretation scale of these environmental aspects and the size of their environ-
mental impact are assessed in Table 2.

Table 2. Interpretation scale for environmental impact factors.

Criteria Value Impact Significance

1, 2, 3.1–3.4, and 4
<2 Insignificant impact on the environment

>2 Significant impact on the environment

5 and 6
<4 Insignificant impact on the environment

>4 Significant impact on the environment

Building projects have a profound impact on the environment at an international level.
In fact, each aspect of a construction process creates adverse effects—from the mining
activities used for the supply of materials, to the waste generated by the project and how
the waste is finally disposed of. It is of paramount importance to acknowledge and take
action to mitigate the environmental influence of building projects that harm the soil, the
water, and the air surrounding us [76].

A short-structured questionnaire was used for a survey in order to determine and
validate the share of various elements pegged to the environmental impact of construction.
The researchers employed a non-probability sampling technique, which involves choosing
a sample of persons who show availability and agree to answer the questions in the survey.
The basis of the questionnaire was formed of seven elements of environmental impact
carried by a construction, elements that were identified in a preparatory research. A total of
30 questionnaires were distributed to management representatives of Romanian building
companies using online platforms.

The participants in the study were selected from the target group of building com-
panies with their headquarters in Bucharest, Romania’s capital city. Some 5070 building
firms are listed in this category, most of them of small size. The research group that was
approached for this study resulted from the snowball sampling technique. In such an ap-
proach, the authors referred to companies displaying similar features, meaning they were
categorized in the 4120 National Registry Code for the construction of residential and non-
residential buildings, sometimes by means of recommendation from initial participants. In
non-probability sampling, researchers are not trying to generate a representative sample.
The strength of this research consists in getting in-depth information about the practical
problems managers in the construction sector are facing when dealing with environmental
aspects and the assessment of the environmental impact of their operations. This type of
study also tries to identify latent, but relevant aspects to gain a deeper understanding of
the research matter under investigation. However, from the 30 managers that took part in
the survey, four of them represented large companies, eight of them medium companies,
and eighteen of them small companies, all from Bucharest, thus the sample was fairly
consistent with the distribution of building companies.

The respondents were asked to rank their views and attitudes according to a Likert
scale, where 1 = very low effect, 2 = low effect, 3 = neutral effect, 4 = strong effect, and 5 =
very strong effect, for each environmental impact factor. The five-point scale was chosen
to expand respondents’ answers, which determines the weighting of each environmental
impact factor. This approach aims to calculate the Relative Importance Index (RII) and to
determine the rank of the environmental impact factors. The RII was used for the analysis
due to its adequate function inside this research.

For determining this model, there are several means of calculation:

1. Using Mathematical Model (calculating the Standard Deviation, Relative Importance
Index and then ranking according to values);

2. Using Excel formulas (STDEV, PRODUCT, RANK functions);
3. Using the SPSS software (computed application).
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The application of the mathematical model determined the use of two formulas
described as follows:

• Standard deviation (S):

S =

√
∑n

i−1 (Xi − X)
2

n
(1)

where Xi—target value; X—average; and n—total number of values.

• Relative Importance Index (RII):

RII =
n

∑
i=0

Wi
(A × N)

(2)

where W—weight estimated for each statement by the respondents and ranges from
minimum to maximum; while A—higher response integer; and N—total number of respon-
dents.

In this case W ranges from 1 to 5, where 1 is the very low effect and 5 is the extremely
strong effect, A means the highest weight with value 5, and N means the total number of
responses (30). The Relative Importance Index (RII) value range is from 0 to 1 and was
calculated in Table 3. The aggregate overall index is the average of individual relative
importance indexes of the specific elements indicated.

Table 3. Overall environmental impact of construction.

Operating
Conditions/Environmental

Impact

Evaluation of Effects Total Responds Stand. Dev. (S) Weight RII Rank
5 4 3 2 1

Energy consumption/
Resources consumption 11 13 3 2 1 30 5.567764 121 0.807 3

Fuel consumption/
Resources consumption 12 10 6 2 0 30 5.09902 122 0.813 2

Emissions generation/
Air pollution 6 16 6 1 1 30 6.123724 115 0.767 5

Generation of noise
and vibration/
Noise pollution

7 20 2 1 0 30 8.276473 123 0.820 1

Accidental spills/
Water pollution 5 12 11 2 0 30 5.338539 110 0.733 6

Fire generation/
Soil pollution 9 11 8 2 0 30 4.743416 117 0.780 4

Effect on public/
Health risk 4 5 14 4 3 30 4.527693 93 0.620 7

The responses collected during the survey form the basis for the weighting categories
inside the model. The results of this study place “noise pollution” in the first position
with RII = 0.820 in the respondents’ options, as can be observed in Table 3. The results
might indicate the absence or the lack of enforcement of strict laws to curb noise or means
that people living near construction sites are suffering from different sources of noise such
as noise from transportation of materials; noise from building activities (e.g., excavation,
backfill); loud noise from the use of building machinery (e.g., grinders, mixers).

Identifying the “noise pollution factor” as a weighted category is determined by the
specifics found in most Romanian builders because they operate in urban areas. Although it
seems surprising and different from other international surveys, where weighting is heavier
on global warming, human health, or primary energy usage, the result is determined on
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the one hand by the Romanian construction market in continuous development, and on the
other hand by way of horizontal construction compared to buildings with vertical potential.

As shown in the table of results (Table 3) the respondents ranked “resources con-
sumption” in the second position with RII = 0.813. This suggests that the consumption of
resources is considered a factor with a very significant impact on the environment. This
finding may be interpreted in the sense that the building activity requires a lot of raw
materials, as well as fuel for transportation vehicles.

Also illustrated in Table 3, the respondents ranked “health risk” in the last position in
their options with RII = 0.620. These results may be interpreted in the manner that building
projects disturb the interests of the people, causing them social discomfort at home and at
the office, when trying to sleep or perform various activities. Additionally, the exposure to
dust, regardless of its cause, may create health problems.

The environmental aspects and the assessment of their associated impact are presented
in Table 4. The operating conditions are ranked as Normal (n) or Emergency (u). The green
color indicates a low or insignificant impact on the environment, or stable operating condi-
tions, where regulations and standards have been applied. These situations acknowledge
a proper management of the environmental resources. The red color witnesses several
emergencies where proper enforcement was lacking, so immediate actions need to be taken
to mitigate the adverse effects on the environment.
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Table 4. Impact assessment of environmental aspects.

Operating
Conditions

Environmental
Impact

Impact Assessment

Size/Magnitude
of Impact

Frequency of
Occurrence

Emissions
of Harmful
Substances
in the Air

Emissions
of Harmful
Substances
in the Water

Emissions
of Harmful
Substances
in the Soil

Amount
of Resources

Used
Health Risk

Predictability
in Design

Phase

Existence of
Stable
Values

Energy
consumption n Resources

consumption Medium Periodic Minimal Minimal Minimal Seri
ous

Mini
mal Good Good

Fuel consumption n Resources
consumption Medium Permanent Minimal Minimal Minimal Seri

ous
Mini
mal Good Good

Emissions
generation n Air pollution Medium Permanent Serious Minimal Minimal Mini

mal
Redu
ced Good Good

Generation of noise
and vibration n Noise

pollution Small Periodic Minimal Minimal Minimal Mini
mal

Med
ium Good Good

Accidental spills u Soil, water, air
pollution Serious Very rare Medium Serious Serious Mini

mal High Good Good

Fire generation u Water, air, soil
pollution Extreme Very rare Medium Medium Medium Mini

mal
Extr
eme Good Good
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5. Discussion

The environmental impact assessment model proposed in this research has some
common elements with models and methods existing in the academic literature. The
model suggested and applied in this study leans on life cycle assessment (LCA) models
previously employed regarding the impact on the environment. The common elements are
the consumption of resources and the air, noise, water, and soil pollution [35,36].

The literature in the field abounds of papers presenting methods and case studies of
buildings investigated from an LCA perspective [2,34,37,50,52]. However, only a minor part
suggests practical tools such as tables and graphs available to managers as an orientation
instrument when coordinating an ongoing building project. This study tries to fill at least
partially this gap.

Compared to the environmental impact assessment stage of the existing LCA models,
the model developed for this research has several advantages:

• It highlights the link between the existing operational conditions and their impact on
the environment;

• It creates the possibility of unitary environmental impact assessment using a unitary
measurement scale for different types of impact;

• It allows a faster ranking of the various operational risks on the environment;
• It can be integrated into the risk analysis methods and techniques at the construction

project level (it can be easily integrated into the probability-impact matrix and in the
risk map);

• It constitutes an instrument of management of the environmental resources that can
be quickly implemented at the level of the company’s specific processes using the
transfer of managerial know-how;

• It is relatively simple and easy to assimilate for the personnel of the organization
through organizational learning processes;

• It is suitable for taking over and adapting it to a specific software product, customizable
to the needs of each organization from the construction sector.

The model proposed in this research is usable at the microeconomic level instead of
other models in the literature, which are focused on macroeconomic issues [24]. However, it
can be adapted and replicated to the macroeconomic level through a summative approach.

Although it does not fully incorporate the elements mentioned by other authors in
the literature regarding the need to reconfigure business processes [25–28], the proposed
model creates the conditions for reshaping existing business models and processes as a
result of the impact of changing the models for the usage of environmental resources.

6. Conclusions

Construction is one of the areas that has a major impact on the environment, especially
through pollution, energy consumption, and waste. That is why a series of models of
responsibility analysis and management of environmental resources in the construction sec-
tor have been used in the literature. Most of these are based on life cycle assessment (LCA)
models or on specific corporate social responsibility (CSR) models that integrate environ-
mental resources. The model proposed in this research can be applied for environmental
assessment in construction at the microeconomic level, as well as at the macroeconomic
level, using a summative approach.

In this model, the impact assessment of environmental aspects uses emissions of
harmful substances in the air, in the water, in the soil, health risk, predictability in the
design phase, and the existence of stable values.

By applying this model of responsible management, the preconditions for reconfigur-
ing operational conditions and processes with significant impact on the use of resources
within construction projects can be created at the organizational level:

• Identification of resources in the design phase;
• Cost calculation and project budgeting;
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• Identification of the resource constraints that appear when the project is scheduled;
• Allocation and leveling of resources at project level;
• The specific reports of earned value.

Concerning the operational management process inside the construction company, an
essential point is that members of the staff should be regularly informed and trained about
various environmental problems and how they can recognize such issues to communicate
these quickly to executives. They also need to be aware of individual responsibilities
for environmental protection and the consequences of non-compliance. Furthermore, an
important strategic aspect for a construction company is its relationship with stakeholders,
such as suppliers, customers, business partners, the surrounding community, and environ-
mental authorities, to ensure an efficient communication process and avoid pitfalls related
to environmental issues that the building operations might cause. Under the care of the
project manager, a quarterly executive summary will be prepared, including aspects con-
cerning health, safety assurance, minor and major incidents, waste management records,
pollution, generation of noise and vibration, in order to take immediate actions and prevent
the recurrence of the negative impact, once occurred.

The strategic management of environmental resources is typically related to the
cost–time relationship. In the short-term, costs can be considered as being low while in
the long-term their amount might register higher values. The particular model applied
in this research did not intend to integrate environmental problems into the cost–time
relationship as other models in the specialized literature. Still, its influence on the two
parameters is obvious if we consider the above mentioned issues. Given this limitation of
the present study, the authors aim to develop the model further in their future research, to
incorporate new variables and assess their influence, such as the costs associated. Using
a quantitative research method will facilitate the extension of results. By applying the
model in other contexts and countries, the approach opens up some appealing directions
for future comparative research.

A vital point is that this model is scalable for its application in businesses in the
building sector in different phases throughout the life cycle of a construction project.
The results obtained can help decision-makers and practitioners to develop policies and
interventions that ensure that all companies, regardless of their characteristics, contribute
to environmental sustainability.
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