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Abstract: Presently, almost all human activities (agriculture, transport, industry, construction sector,
etc.) have an adverse impact on the environment. The construction sector in the EU alone accounts
for a big part of the total energy consumption and emission of CO,. Two-thirds of the energy
used in the construction sector in Europe goes to housing. As the number of residents grows,
the requirements for new housing increase, causing an additional increase in energy consumption
and new CO, emissions for construction, maintenance, lighting, ventilation, cooling, and heating.
Benefits of detailed planning of sustainable development of the construction sector are manifold.
The most important benefits are sustainable use of resources, economic and social development of
communities, increasing employment rates, improvements of living conditions and protection of
the environment. Two scenarios for the development of an energy-efficient construction sector in
Bosnia and Herzegovina with a focus on housing facilities are developed, in order to address the
needs and benefits of detailed planning. Both scenarios analyze the effects on job creation, the impact
of used construction materials on the environment and eco balance of local products. The difference
in the solutions confirms the benefits of an interdisciplinary approach to the planning of sustainable
systems so that not only technical, but also economic and social benefits can be evaluated thanks to
the combination of methods used.

Keywords: sustainable development; sustainable housing; holistic approach; interdisciplinary
planning; natural materials; primary energy; CO, emission; strategic development

1. Introduction

1.1. General Introduction

Twenty years after the latest war, Bosnia and Herzegovina (BiH) still faces political, social,
developmental and economic crises and hardly keeps step with the neighboring countries in terms
of development. All reports on the progress of BiH towards the EU integration repeat the same
recommendations that leaders of BiH have to find a common language regarding strategic development
planning. On the other side, BiH is a rich country in terms of human and natural resources, and it can
use all benefits of development by sustainable management of these natural resources and qualified
workforce, on the basis of clean technology development on the territory of the whole country.
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A balanced development would create better life conditions, decrease population migrations and
young people would be given a chance for life and future in BiH.

In the EU strategy objectives are defined and the implementation of new clean technologies is
strongly supported. There is a motivation to increase sustainable buildings and the use of natural
materials. The criteria for the selection of ecological building materials concern not only the production,
but also the use phase and the final disposal. The construction sector in the EU alone accounts for
more than 45 % of the total energy consumption and emission of CO,. Two-thirds of the energy used
in the construction sector in Europe goes to housing [1]. In addition to energy consumption, this also
includes the values for technical suitability and applicability, as well as the cost-benefit ratio and
possible reuse and recycling [2]. Thus, it would be a good possibility for BiH to export their own
natural resources to the EU. This would promote the domestic economy, create jobs and change the
international perspective on BiH and its role in economy accompanied by an increase of the gross
domestic product (GDP). Yet, there is no sufficient governmental support for clean and innovative
technologies, which creates a big risk for investors. If the government would promote more initiatives
or exempt them from taxes it would lead the decision-making process to clean technologies and a better
direction, also in relation to the EU and the accordance with the strategic objectives of the EU [3].

This paper aims, at least in one part, to emphasize the importance of the integral strategic planning
and recognition of opportunities for sustainable development through analyses of various resources
and scenarios. It is hard to envisage a house-building trend for the next twenty-five years, which is
a period concerned by both scenarios presented here, due to unexpected results of the economic crisis
in BiH and, in line with it, a hardly determinable purchasing power of citizens in BiH. Led by the
assumption of the faster accession process of BiH to the community of EU member states, a survey of
standards, trends and requests for the housing sector in the EU and in BiH was used for both scenarios.

Globally, there is a trend of population increase in urban areas. The number of inhabitants,
moving from rural areas to urban ones, grows and with this, housing issues in the cities need to be
solved. The reasons for population migrations from these areas into more developed areas in BiH
are under development of rural areas and the lack of employment opportunities. This phenomenon
can also be observed in many other countries and regions around the world [4]. 1950 two thirds of
the world’s population lived in rural areas and only one third in urban areas. Caused by the urban
migration process it is assumed that 2050 the division turns to the opposite and two thirds will live
in urban areas. The division of the world’s population in terms of urban settlement is very diverse.
In industrial countries more people live in urban areas. In the year 2014, 73% of the inhabitants in
Europe and 81% in America lived in urban areas. At the same time, in order to lessen the mentioned
population migration from rural to urban areas, the EU decided to allocate more than 35% [3] of its
total budget and to direct these resources to rural areas development. Unfortunately, BiH government
adopted the Strategy for rural development in BiH for the period between 2018-2021 in January 2018,
after massive uncontrolled migrations caused by the war in 19ths, as well as with no strategy and no
strong economy during the last twenty years [5]. The dilemma, and thus the great challenge, is to create
an adequate number of living spaces for the population and to guarantee appropriate housing quality.
The construction of sustainable buildings of high quality often contradicts the need for affordable
housing in the short term [6].

Furthermore, a great number of cities in BiH has to manage their parts which previously were
industrial zones, and as well, disorganized city parts in need of reconstruction and reorganization.
Most cities in BiH have space to widen themselves in a planned manner, by using these abandoned
zones which should be integrated into city life. New regulation plans for most cities in BiH need
to be developed. These plans should contain the latest provisions regarding the environment and
sustainable development, and also, they should respect and follow the methodologies for green
sustainable cities development.

Further, climate changes lead to new housing conditions. Increase of external temperature,
with long, hot periods during summer, creates the need for cooling a great number of flats in cities,
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and due to that many cooling devices have been installed, which consequently causes an increase in
electrical power consumption and emission of greenhouse gases. On the other side, according to data
of the Meteorological and Hydrological Service of the Federation of BiH [7], winters are longer and
have a reduced number of sunny days. It causes an increase in heating energy consumption. This is
why thermal insulation and functioning ventilation systems need to be developed more profoundly.

Most old buildings, and also some newly-built ones, do not comply with the energy efficiency
requests and standards accepted in the EU, which leads to big energy losses and harmful gasses
emission. In BiH, some awareness-rising activities have already been done. They targeted not only
investors but, also, users of spaces and their awareness regarding energy efficiency importance.
Unfortunately, all efforts end with a simple adding a thicker layer of insulation, mostly of Styrofoam to
facade and roof construction, and potentially, more quality windows with lower U-value are added,
too. Only a few buildings have been constructed on the basis of a comprehensive approach, and in
accordance with the valid standards on sustainable buildings in the EU and by using sustainable,
local, natural materials. Elements of sustainable design are integral to the vernacular architecture
that has evolved over time using local materials and technology emerging from ambient natural and
cultural environment creating optimum relationships between people and their place. [8] Due to this,
two scenarios have been developed that can help to argue for interdisciplinary strategic planning in
the future in the energy efficiency sector of the civil construction in BiH.

1.2. Introduction of Two Scenarios: ECO and BAU

Future planning decisions will be made taking into account life cycle costs and the results of the
life cycle assessment. Only the simultaneous and interactive consideration of economic and ecological
interrelations leads to solutions that can make a contribution to sustainable development [9]. A large
number of certificates already exist for buildings dealing with the ecological assessment. These include,
among many others, BREEAM, LEED and DGNB. Green buildings are not only an inevitable trend in
the construction industry [10], but the choice of constructions and building materials also influences
human health [11].

The impact of individual components on the environment depends to a large extent on the choice
of construction material, but also on the choice of insulation material. An ideal building material is,
thus, in a balanced relationship between ecological aspects and constructional requirements and must
be chosen according to the external conditions. Numerous aspects influence the long-term sustainability
of a building, including energy and resource consumption, socio-economic factors, as well as building
design [12]. To do justice to this planning task, Reference [12] examined numerous design determinants
for ecological building, which were further divided into six clusters, including environmental impacts,
as well as social aspects and economy.

This paper takes up this complexity of the topic and combines two different assessment approaches
for a region in which ecological building has not played a major role so far, but wooden construction
has a long tradition. BiH is the most forested country in the Balkan area. Therefore, there is not only
the tradition that the development of an ecological construction sector can be built on, but also a high
potential to be used [13,14].

In order to do justice to this complexity and to achieve as adequate an assessment as possible based
on the three-pillar model of economic, social and ecological sustainability defined in the Brundtland
Report [15], the two methods used were combined for the first time: On the one hand, the technical
and material-related durability was analyzed, but the social and economic impacts for BiH were
also included.

Sustainability in the construction industry has played a very subordinate or even no role at all
in BiH to the present day. However, this development has great potential to counteract the high
unemployment and rural depopulation and to enable economic growth and thus to find a solution as
demanded in Reference [16].
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Haékkinen [17] points out that the type of construction in urban areas plays a decisive role in
the sustainable development of cities. The sustainable urban construction-related indicators, such as
environmental impacts of the building; health and comfort, quality of building; availability of housing
and buildings; full exploitation of new technological challenges; the age of building stock, activities in
refurbishment and renovation are analyzed. A selected combination of these indicators will also be
used in the investigations in this article for the BiH site.

The assessment system for sustainable construction published by the German government in
Germany also clearly states that sustainable construction is often understood to mean energy-efficient
construction in particular, but this is not sufficient as energy efficiency is only one part of sustainability
and financial effects must also be considered [18]. This is also the approach taken in this article.
In comparison to the German studies, however, the existing database in Germany is not available
in BiH. To this end, attention must be drawn to sustainable construction, further investigations
must be carried out and a similar platform for BiH can then be made possible in the further course
of the research. This approach of further creation of acceptance for sustainable building and the
associated further development of evaluation methods depending on the location is also explained by
Reference [19]. In their study of sustainable development in the Western Balkans, they also come to
the conclusion that regional cooperation, as well as international partnerships between municipalities
are of significant importance. The dependence of the location of the consideration for the assessment
of sustainability is also mentioned by Reference [20] and the associated challenge that there is no
single method and solution for sustainable buildings and therefore the further development of these is
constantly necessary.

Following on from these findings, methods were newly combined within the framework of carried
out research for the BiH site in order to achieve both a further step for the sustainable development
of the construction sector based on all three pillars and thus to enable the basis for decisions, further
development of the methods for BiH and the creation of a larger database.

Two different scenarios were examined in order to demonstrate the differences in conventional
construction and the potential of ecological construction. The first scenario BAU (common
practices—business as usual) assumes a continuation of construction sector development, according
to current standards, trends and requests, with a static development without any big changes and
innovation in the construction practice. While the second scenario ECO (ecologically oriented) assumes
a continuation of construction sector development, in accordance with the most contemporary
standards, trends and requests, with dynamic development and envisioned changes regarding
sustainable innovative development, which will primarily use local natural resources for construction.
The impact of bio-based houses in comparison to conventional concrete houses in passive house
standards was already researched by Krasny et al. [21] with the result of big differences concerning the
Global Warming Potential (GWP) and the costs. Results obtained by comparison of the advantages and
disadvantages of the two scenarios can contribute to a strategic approach to planning and programming
of sustainable housing construction sector in the future.

The civil construction sector is an economic branch that includes a whole range of activities
and connects a great part of other economic branches which support it, as for example production
and processing of construction material and building elements, electrical-power industry, mechanical
elements production industry, as well, industry/production of materials that are not exclusively
applicable only in the civil construction sector. The supply chain of the construction sector includes not
only the value chain of the construction industry also includes numerous other areas. The economic
impact of these linkages was examined in detail for Germany in Reference [22] with different observation
limits. The authors of the report divide the construction sector into an inner core (construction and
planning), an outer core (sectors with construction-relevant services) and a peripheral area (rest) and
come to the conclusion that 60 percent of the production value of the value chain “construction and
planning” arises in sectors that do not directly belong to the inner core. Vrijhoef and Koskela [23] also
state in their studies on supply chain management in the construction sector that this management
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plays an important role in relation to waste production in the construction sector. Therefore, the analysis
of these two scenarios will give important guidelines for future sustainable development of the civil
construction sector with accompanied industry and services in BiH.

Within this research, two scenarios will be developed on the basis of analyses of three indicators
of success with existing tools and calculation methods. In the end, the results of the research will be
presented, and as well, a comparison of the advantages and disadvantages of obtained results will be
given, and at the end, recommendations for further research and development are presented.

In the course of developing two different scenarios for the housing sector, environmental, social and
economic impacts on two developmental options of future construction practice will be researched.
Furthermore, obtained indicators will be compared and new developmental opportunities will be
suggested. The third scenario, which would represent a development with partial changes, was not
taken into consideration in this research, in order to point out the importance of the integral approach
to comprehensive planning of housing construction sector development in the future.

It has to be pointed out, that the challenges of investing in alternative technologies are huge.
There is a risk of investing in technology that will not bring any bigger profit in the short-term
period, comparing to what the recent practice has already shown. Also, it should be emphasized
this is a long-term process and economic-financial results in a long-term sense should be considered.
Launching any new technology asks for investments in researches, registration of (or obtaining a patent
for) a product, opening new plants, which represents an additional financial burden at the beginning.

In the case of an innovative approach to material and its presentation on the market should be
careful and realistic. Any innovation needs time for clients and consumers to acquaint with it, and to
start using it. When a diagram of acceptance of an innovation is considered, it can be seen, in the
beginning, there is only a small number of enthusiasts who support the innovation and it takes time
for a larger number of others, who are courageous enough, to join this small group and support the
innovation. It is necessary to have a number of practical examples and experience, for innovation to be
accepted by a larger number of future users.

Figure 1 shows time span and attitudes towards innovations in practice. It can be seen it is
needed to invest time for innovation to be accepted by the majority. Until investors, who buy their
flats or houses, do not reach the level of awareness on responsible and sustainable housing, on energy
efficiency needs and healthy natural materials, examples of green objects, made of natural materials,
will remain only rare examples. When users’ requests enlarge and when more examples, proving the
claims of various expertise occur, then the demand for sustainable homes will increase [24].

The total gain and results should not be considered only on the basis of financial aspect, because this
paper elaborates on all possible savings and advantages—from the decreased energy consumption,
CO; emission reduction, having healthier lives, turning back to nature and natural resources through
the use of natural materials, which—after their natural life span is over—go back to nature in the same
or similar shape.
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THE CHASM

Early Market l Mainstream Market

Whole Product

Solution
E—

Feature Set
—

Innovators Early Adopters Early Majority Late Majority Laggards
2.5% 13.5% 34% 34% 16%
People Who Want Newest Things People Who Want Complete Solutions and Convenience

Figure 1. Acceptance of innovation in practice [11].
2. Methodology

Assessments of the impact of both scenarios use three indicators of success regarding the
construction sector development:

e  Number of new workplaces (by using the method of following trends and assumptions
of development);
e Impact of used construction materials on the environment (by using the comparative method);

e  Eco-balance of local products (by using a method of analysis of sustainability assessment indicators
and HAMB3D calculation).

Both scenarios are done by using the most contemporary, and currently available, developed
methodologies and tools. The greatest challenge was a very limited base of available data and statistics.
Some data were obtained via interviews and market research, respectively, while other information
was gathered from the Agency for statistics in BiH. Official data on climate do not exist in BiH, which is
why climate data for the City of Vienna were used for software calculation of these scenarios.

The time span for both scenarios is 25 years, i.e., the period from 2015 to 2040, while this period
represents an optimal long-term development perspective.

The two chosen scenarios are not the only two possible scenarios: They present two feasible
scenarios of construction sector development in BiH until 2040. The main intention of this paper,
and its focus on these two scenarios, is to start in the future a meaningful discussion that should lead
to optimal solutions for construction sector development in BiH.

Several rating models were taken, because one model would have provided a reductionist
perspective. For example, one model would merely respect the labor market, another only environmental
impact. Several rating models in combination contain so many influences that in the end there is a good
overview of the advantages and disadvantages of the building construction. Indicators of success.
The model as mentioned in Reference [25] offers an indicator-based sustainability assessment for
affordable housing construction technologies has been used to compare two prefabricated constructions
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including many economical and sustainable impacts, as well as a great variation of indicators in regards
the sustainable and responsible building constructions. The other method considered makes precise
calculations according to the thermal properties of the constructions and concerning humidity in the
building construction. Addition to those two the heat transmission coefficient, as well as the potential
of global warming of building constructions is calculated to examine the importance of the energy
efficiency of a building and further on for the environment.

Indicators of success are individually presented and explained in the following, along with the
way they were observed and checked.

2.1. Number of New Workplaces

The civil construction sector has its specific features, is strictly regulated and differs greatly
from other sectors. It is a heterogeneous and fragmented sector, based upon a great number of
various professions. It has been defined by EU NACE (NACE (Classification codes), a European
industry standard classification system, was presented in 1970. In 1990, a revised version was adopted,
and it stated, “NACE stands for ‘Nomenclature Generale des Activites Economiques dans I'Union
Europeenne’ (General Name for Economic Activities in the European Union)”. Currently is valid
a version accepted by the United Nations in 2008: “International Standard Industrial Classification of
all economic activities” (ISIC)) 1 Mode, 1 sector classification, including the following sub-sectors:

1. Suppliers of construction products and components (including local production);
Preparation of construction site, the building of fully completed facilities, the building of plants,
finishing and renting the construction machines;

3. Professional services (making designs and providing consultations) [26].

On the basis of the official sector classification, the analysis of the increase of new workplaces in
the construction sector and its parts in the period until 2040 for both assumed scenarios will be done in
the following.

2.2. Impact of Used Construction Materials on Environment

Although, according to NACE codes, construction materials do not belong to the construction
sector classification, for the purpose of this analysis, construction material will be considered as a part
of construction sector, especially in the part of ECO scenario, as this scenario puts a focus on the
development of the construction sector along with maximal use of available local natural materials.

Tools and methodologies for calculation of the impact of a particular construction material,
or construction sector product, have been developed in the EU and worldwide. As there is no data for
BiH in this part, data from the State catalogue for civil construction of Austria will be used. There are
calculated impacts for every material or product, considering the mentioned tools and methodologies
for the impact these materials have in Austria, but for this research it will be used as guide values
for BiH as there is no other opportunity for this data quality for this case from BiH. Further research
can be carried out into the extent to which other databases outside BiH, but more geographically or
production-specifically close to BiH, have an influence on the results.

2.3. Eco-Balance of Local Products

For the part on eco-balance of local products the already developed method of analysis of
sustainability assessment indicators and HAM3D simulation will be used for both scenarios. The first
method was developed at ETH Zurich, while the simulation software HAM3D was developed at the
Technical University of Vienna (TUW). Their combination gives a more precise way of understanding
the impact of construction technology on the environment, way of comparing advantages and
disadvantages, and a more realistic analysis of strategic commitments.

The chosen methods are very simple and easy to understand compared to some other methods
like the multi criteria decision making methods ELECTRE or MAUT [27].



Buildings 2019, 9, 143 8 of 27

The first method includes many economical and sustainable impacts and it provides a great
variation of indicators. It respects the financial side from the prime cost to the maintenance. It considers
the origin of the resources, as well as the time and the complexity of the installation, the infrastructure
and the potential of recycling.

The second method makes precise calculations according to the thermal system of constructions
and concerning humidity by using HAM3D. The heat transmission coefficient, as well as the potential
of global warming of building constructions is calculated which is important for the energy efficiency
of a building and further on for the environment.

3. Investigation of Scenarios

BAU Scenario—BAU scenario assumes a continuation of construction sector development in
accordance with the current standards and requests with no big changes.

The most newly built objects for individual and collective housing in BiH are mostly made
of materials of poor quality and low price that are mainly produced out of BiH. During import,
these materials do not have to comply with any strict control. The most materials for construction,
currently used, demand a high percentage of primary energy consumption and high emission of
CO; in the course of production, transport, installation and use. These materials are not recycled,
i.e., recycling is possible, but the costs of it are very high and technology is missing in BiH. Quality
of living conditions in the most newly built buildings is very questionable due to wrong orientation,
materialization or position of a building on the lot. A guiding idea of those who invest in these new
houses is profit—not the comfort of future users, or care for the environment.

Materials, most often used in the construction practice for houses are: Reinforced concrete,
concrete blocks, baked bricks, cement plaster, Rigips, Styrofoam, glass wool, acrylic facades, etc.
An example for this way of construction is given in Figure 2.

Figure 2. New residential building, settlement Pofali¢i, Sarajevo [28].

ECO Scenario—ECO scenario assumes a continuation of construction sector development,
in accordance with the most contemporary standards and requests, with dynamic development
and targeted changes in direction of sustainable innovative development, with the use of local
natural resources for construction. Changes in construction practice would be clearly visible,
users’ life conditions would have more quality and the overall impact on the environment would be
significantly favorable.

It is assumed that in this scenario the majority of newly built objects of individual and collective
housing will be done with the most quality, locally produced, materials with affordable prices.
These natural materials do not have a high percentage of primary energy consumption and have
no high emission of CO, during their production, transport, installation and use, since they are
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produced locally. The majority of local materials, which are used in this scenario, currently represent
ecological waste, and their sustainable disposal would additionally bring to environment protection.
Forest management in BiHH would be done in accordance with the strict EU standards and wood
production would be certified and sustainable. All materials would be recyclable or reused. Recycling
itself does not ask for high energy consumption nor it causes additional significant pollution. Most
natural materials, at the end of their life cycle, turn into compost and serve as fertilizer or additional
food to agricultural soil.

Living conditions in these buildings are very healthy, i.e., buildings made of natural materials
breath and create a very comfortable atmosphere for users. Constructions can be very flexible, and they
allow making changes without any damages to neighboring parts and modules, and given that,
they reduce costs of maintenance and reconstruction.

Materials most often used in the contemporary sustainable construction practice for building
housing objects of prefabricated elements, are: Wood, sheep wool, straw, plaster, clay, lime.

3.1. Number of New Workplaces for BAU and ECO Scenarios

Within the BAU scenario, under the assumption of an increasing need for new housing units in
BiH, as it has been already elaborated, an increase of new workplaces can be expected. In the first
nine months of 2018, the number of completed dwellings was about 1.537 which represents a nominal
increase of 6.0% in comparison to the same period in 2017. The average number of workers employed
on construction sites by legal entities in 2016 was about 19.650 and represents an increase of 7.2%
compared to 2015. Moreover, the number of hours worked on construction sites increased by 7.2%
compared to the previous year. In 2017, 19.969 h were worked in the construction sector. This represents
an increase of 1.6% compared to 2016, while the number of hours worked on construction sites increased
by 4.7% between 2016 and 2017. In the sector of suppliers of construction products and components
an increase of demand for the workforce can be expected, predominantly for persons with finished
high school education. The existing construction industry plants, under assumption of developing
and spreading (concrete plants, cement plants, plants for aluminum production, for glass and facades
and plastic processing) will, also, need new workforce with high school education completed, and as
well, those with lower levels of education, and, to a lesser degree, will be needed those who completed
higher education.

At the construction sites can also be expected an increase of demands for the workforce with
high school education completed, and as well, those with lower levels of education, and—to a lesser
degree—those who graduated from higher education. A similar situation can be expected in companies
for construction machines renting.

In the sector of professional services (designing and consulting), an increase of requests for new
projects is expected, and in line with it, an increase of requests for workplaces for a person who have
higher education degrees.

Companies that produce prefabricated houses currently in their plants produce elements with
U-value adjusted to the EU standards. Demands for those houses in BiH are sporadic. Export of
these construction elements has been registered. Beside the local wood, used for production from the
registered sustainable sources, most other wall elements are not produced locally in BiH, but imported
from abroad. Even if the number of requests for export or building of these objects in BiH increases,
new workplaces in the country can only be expected in the local wood industry, i.e., sawmills,
and a lesser number in the industry of prefabricated houses and local plants for Styrofoam production,
and mostly workers with high school completed will be wanted, or those with lower levels of education.
Most other wall parts will, still, be imported and no new employments will occur (in the production of
mentioned elements), while support by local production still is missing (or be negligible).

It can be concluded that significant requests for opening new workplaces will occur at the
construction sites and in traditional construction industry and construction materials production,
and a lesser number of requests will be in the sector of professional services for designing and
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consulting. Simultaneously, there will be no significant requests for new workplaces in scientific
institutions, while, in accordance with this scenario, the majority of construction materials will be
imported, i.e., no new industrial plants for innovative clean technologies, which needs the support of
research centers, will be opened.

Within the ECO scenario, major changes would happen in construction practice that would bring
a great number of innovations in clean sustainable technologies in BiH. Potential for opening new small
enterprises, which will start producing construction elements from natural local resources, is huge.
An intention to have all parts of these constructions produced in BiH will result in opening many
small plants throughout BiH, especially in its currently underdeveloped rural areas, which additionally
supports the development of a significant sector of suppliers and producers of construction materials.
Establishment of these plants undoubtedly leads to an increased demand for new workplaces, primarily
for non-qualified workforce and workers with high school education, and as well, a smaller number of
highly educated employees, who are necessary for managing these plants.

Besides adjusting the old plants for prefabricated wood houses production, this scenario would
cause opening new plants for clean technologies which until now have not been present in BiH.
Innovative products from these plants would be used for prefabricated houses production, and as well,
for other ecological types of building. This approach will help the overall economic development of
BiH, especially the development of rural areas in BiH. Simultaneously, migrations of young people
from rural to urban areas would be additionally balanced with the rural areas” development vision
and new clean technologies.

In the sector of professional services, designing and consulting, it is assumed an increase of
requests for new projects will happen, and in line with it, the requests for new workplaces for highly
educated persons will, also, occur.

A comprehensive approach to designing housing objects, that implies sustainability and energy
saving, and CO, emission reduction, will demand an additional inclusion of experts from other
fields (chemistry, physics, psychology, alternative energy, etc.), which will increase demand for new
workplaces for highly educated persons in this important sector.

Innovative approaches to construction elements production, based on local materials use,
which apply modern practices, will manage to establish good, and necessary, cooperation between
industry and universities, and institutes of research and development, respectively. This cooperation,
which supports innovations in clean technologies, will demand new workplaces for research work,
i.e., workplaces for highly educated persons in all fields of education and science. Also, this approach
will answer many questions of the local construction industry and open some new questions, suitable
to serve as topics of new scientific studies.

A small increase of a number of new workplaces is expected in the conventional construction
practices, dealing with preparatory works for making foundation (concrete plants, cement plants),
where will be needed mostly those who have a high school diploma. In this part, too, can be used
an innovative approach to building foundations for smaller buildings, by taking into consideration
methods used in the traditional way of building, but with the use of local stone and locally produced
hydraulic lime.

ECO scenario assumes mass building with prefabricated elements produced locally in the
current and newly-opened production plants. Additionally, the increased export of these sustainable
constructions to the EU and the USA markets is assumed, especially since these countries have
committed till 2020 to support prefabricated building from natural materials, with the main goal of
enlarging the part of these buildings in the total number of newly-built objects for at least 10%.

Locally produced prefabricated construction, out of the reason of lowered production and
installation prices, as a direct result of lower labor price and lower material price, can be competitive
given the mentioned requests. Prices of these products are also competitive in the local market.

It is necessary to emphasize that a great impact of transport on the environment has to be
considered, as well. Therefore, a choice of transport mode has to be adjusted to both requests of
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sustainability and environment protection, and use of railway transport, as the cleanest mode, has to be
used to the maximum. This request can instigate reconstruction of the current railroad infrastructure
in BiH, which additionally will open new workplaces in clean, ecologically balanced, transport sector.

It can be concluded that ECO scenario leads to a great number of workplaces in clean industry
and sustainable construction industry of BiH, and to the overall economic and social development of
the state in all its regions.

3.2. Impact of Used Construction Materials on Environment for the BAU Scenario and the ECO Scenario

BAU Scenario—Materials used until now and the construction practices in BiH have a great
impact on the environment. The current practices do not pay attention to new standards and changes
that advocate for sustainable clean building and use of natural local materials. Materials, that have
been mostly used, to a great extent need a lot of primary energy, have a high percentage of CO,
emission, cannot be recycled or recycling is very expensive, can be toxic and harmful to human health,
and they are not flexible.

ECO Scenario—ECQ is an approach to construction practice and innovations, that would introduce
the use of natural materials, which are currently environmental waste in BiH and by this would
greatly lessen the current harmful impacts of the construction sector on the environment. Natural,
local materials are used innovatively to decrease primary energy consumption and CO, emission.
In addition to it, construction materials, produced of natural, local materials, are recyclable, are not
toxic or harmful to human health and they enable modelling and flexibility.

Values which impact the environment due to the use of different materials, will be analyzed in
both scenarios, and are taken from the official catalogue of construction materials in the state of Austria,
“Baubook” [29].

The manufacturing process of a product is different in every country, so the data from BiH would
variate from the data of Austria. But here the main focus is on the comparison of the advantages and
disadvantages of construction methods and their effects on BiH. In a further step, it will be useful to
repeat this investigation with data for BiH, once they have been collected and to compare the results.

In order to make comparison easier for these materials, the values of potential global warming will
be given. The table clearly shows the construction materials, currently used for building, have huge
negative impacts on the environment, seen in the stated values of potential global warming in Table 1.
On the basis of comparison of potential global warming values, where natural materials (e.g., wood
and straw) have negative values of impact on the environment, contrary to construction materials used
in conventional building practice, can be concluded that building of prefabricated houses has a lesser
impact on the environment.

Table 1. Values of potential global warming for materials in ECO and BAU construction [29].

Material kg C((;‘zNqu. /gl Material Used in Scenario
Sheep wool 0.537 ECO
Straw -1.25 ECO
Insulation panels of wood fibres -0.183 ECO
Insulation plates of straw -1.59 ECO
Wood -1.26 ECO
Oriented strand board (OSB) -1.051 ECO
Glass wool 2.454 BAU
Mineral wool 1.6 BAU
Concrete prepared at the construction site C25/30 0.0951 BAU
Baked bricks 0.176 BAU
Plaster-cardboard 0.209 BAU

Polystyrol 4.169 [7] BAU
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Regardless of the stated negative values of natural materials on the environment, both types of
building are used with materials which mostly are not produced locally and spend a high percentage of
energy on transport, production, installation and emit a high level of harmful gases. The most materials
used in practice have a high environmental impact also because they are not or hardly recyclable and
not flexible. According to the BAU scenario, with the current conventional practices, the construction
sector will heavily and badly impact the environment. It can be concluded the ECO scenario secures to
the maximum a decrease of global warming impact in very high values, on the basis of very good
features of local natural materials, which can address all requests of sustainable development.

3.3. Eco-Balance of Local Products for the BAU and the ECO Scenario

Two research methods were used to determine the indicator of success “eco-balance of local
products”. They were applied to both scenarios, which were directly compared.

In further research, two samples of prefabricated wall construction, different in their materialization,
were used. For the first construction, the prefabricated wall, currently produced in BiH was used. For the
second construction, the modern prefabricated wall, which has straw as material for thermal-insulation,
was used.

It should be emphasized that these construction samples have similar U-values, which groups
them among materials that can be used for passive houses building.

3.3.1. Method 1

The first method, used for testing the indicators for the assessment of sustainability regarding the
available technologies in house-building, was a method developed by Wallbaum et al. [25] The method
consists of many structured construction assessments via elaborated tabular analyses and grading for
the purpose of establishing the needed indicators. The established indicators relate to: rice of making
constructions, degree of production complexity and construction installation complexity, time frame
and level of prefabrication, economic scale (i.e., advantage of mass production), duration, maintenance
costs, modulation and flexibility, creation of local values with the use of local potential and development
of local communities, level of simplicity and costs in cases of connecting to local infrastructure and
maintenance services, and recyclability or reuse. Afterwards, the established indicators were compared
to challenges of tested technology: Lack of local resources, lack of sufficient or safe funds, lack of
time given the urgency of the request, lack of skilled workforce, quality control, dissipation due to
inefficiency, lack of added value of creativity, quality and location.

For selected materials and constructions, the indicator of the value of material insulation features
is added, i.e., a construction as a whole, assessed according to its U-coefficient. U-coefficient or
material heat conductivity is the quantity of heat conducted per material surface unit measured by the
temperature difference between the internal and external environment (W/m?K).

After this research, which compared the stated indicators with the challenges of house-building,
an assessment of sustainability regarding the available technologies in house-building is obtained,
which is chosen as a sample for the BAU and the ECO scenarios.

This methodology for sustainability assessment of available technologies consists of a range of
structured assessments of construction on the basis of tabular analyses and grading, in order to obtain
needed indicators.

This method investigates two selected prefabricated wood constructions, which represent
technology currently used in BiH as the BAU construction and the innovative construction which is
currently used in the EU as the ECO construction:

BAU Construction: Standard prefabricated wall, currently produced in BiH (Krivaja Factory,
in Zavidovidi) [17].

ECO Construction: Prefabricated wall, containing straw in its thermal-insulation part (Mod Cell
Homes, the United Kingdom) [30].
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Table 2 shows the summed data on the observed constructions, compared and analyzed by the

first method.

Table 2. Summed data on the observed constructions.

Title of Technology

BAU Construction
Prefabricated Wood Wall

ECO Construction
Prefabricated Wood Wall

Data and country of origin

Krivaja Catalogue, BiH [31]

Mod Cell Homes Catalogue, UK [30]

3D presentation from

Core +

ModCeli* Core +
External view

producer
Category of building Residential house Residential house
Dimension of building 100 m? 100 m?
Environment where it is built Urban Urban

Construction Prefabricated walls and roof Prefabricated walls and roof
44.20 € (86.64 KM/m?) 34.53 € (67.67 KM/m?) *
Price per m? Price of material, without the price of Price of material, without the price of
making and installing making and installing
Building process Dry building process Dry building process
needed building time One week One week

Economic scale/mass
production

In the case of mass production, a great

possibility for a price decrease

In the case of mass production, a great
possibility for a price decrease

Durability

Permanent object

Permanent object

Maintenance requests

Minimum

Minimum

Modulation/Flexibility

A great possibility of flexibility and
modulation

A great possibility of flexibility and
modulation

Wood, wood products, plaster cardboard:
A high percentage of recycling and reusing
Styrofoam and mineral wool: Cannot be
recycled or recycling is expensive

Potential for recycling and
reusing

All parts of the prefabricated wall:
High value of recycling

All parts of the wall can be obtained
locally, except OSBs and insulation
boards of wood fibres. For these parts
of the wall, local production has been
recommended, while local resources
are available, and also, markets that
would be connected to the production
of prefabricated houses.

Except wood, all other parts of the wall

Level of using local resources .
currently are imported.

At the moment, prefabricated building in
BiH has a low presence.
Promotion is recommended and it should
include all stakeholders.

At the moment, prefabricated
building in BiH has a low presence.
Promotion is recommended and it
should include all stakeholders.

Presence of this way of
building

Urban parts of the city have
developed infrastructure, to which the
prefabricated building can be easily
connected.

0.10 W/m2K 0.11 W/m2K

*: Total price calculation is done according to market prices in BiH in July 2014 with exchange rate 1 € to
1.96 KM (2014).

Urban parts of the city have developed
infrastructure, to which the prefabricated
building can be easily connected.

Proximity of public services

U-value
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(1) Initial Price of Construction

The given catalogue prices cannot be compared due to great differences between the prices of
material and labor in the UK and BiH. Out of that reason, the prices in Table 3 present calculation of
prices of the wall elements, reached by considering prices of elements and materials on the market of
BIH, and with no labor price included.

Table 3. Initial price of construction [EUR/m?].

2

Price per m Number of Points BAU Construction = ECO Construction

<20€ 10
<30 € 8
<50 € 6 6.3 6.9
<70 € 4
>90 € 2

(2) Degree of Production and Installation Complexity

The same degree of production process and installation complexity is assumed for both
prefabricated constructions. The corresponding values are given in Table 4. Also, it is assumed
the available technologies and tools will be used, and as well, materials which do not need any special
processing or protection in the course of work. In addition, BiH has workers who can do this job,
complying with all requests of making and installing these constructions.

Table 4. Degree of production and installation complexity.

The Degree of Production Process Complexity and Number BAU ECO
Installation Complexity of Points  Construction  Construction

Physical workforce with no special skills, the current
workforce at the local site, familiar with the tradition of this 10 10 10
kind of building. Tools for building are available.

Non-skilled workforce, in need of two-week training to
acquire relevant skills, current workforce available at 8
the location.

Non-skilled workforce, in need of intensive education

(for several weeks), skilled workforce. 6

Special skills and tools needed. 4

Highly sophisticated skills and very precise tools needed. 2
Information not available 0

(3) Time Frame, Level of Prefabrication

It is assumed, time frame and level of prefabrication for both constructions are similar, due to
similar technologies. The values for this are shown in Table 5.

Table 5. Time frame, level of prefabrication.

Time Frame, Level of Prefabrication = Number of Points BAU Construction = ECO Construction

Installing one element < 1 day 10 10 10
Installing one element 1-3 days 8
Installing one element < 1 week
Installing one element < 2 weeks
Installing one element > 2 weeks
Information not available

SN &=
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(4) Economy of Scale/Advantage of Mass Production

It is assumed that mass production of ECO construction enhances a greater economic development
of BiH and, also, it enlarges the number of workplaces and reduces the final price of the product on the
market, which makes a product more competitive. The results are shown in Table 6. This insight and
assessment comes from the numerous interviews held in BIH with representatives of the Chamber of
Commerce, the construction industry and their sellers and distributors. A large number of interviews
were conducted to avoid possible subjective assessments.

Table 6. Economy of scale/advantage of mass production.

Number BAU ECO

Economy of Scale/Advantage of Mass Production of Points  Construction  Construction

A huge potential for price reduction on the basis of
mass production
Significant reduction of prices, potential for mass production
and availability of materials on the market
Decisive reduction of prices, potential for mass production

and availability of materials on the market

Small difference in price through mass production

Price remains the same, regardless of mass production
Information not available

10 10

[e¢)

O N B O

(5) Durability

Due to the long durability of natural materials, built in ECO construction, a very long durability
of the whole construction, if the construction is maintained in accordance with the valid standards and
regulations, is assessed. The corresponding values are given in Table 7.

Table 7. Durability.

Durability Number of Points  BAU Construction = ECO Construction
>40 years 10 10
>30 years 8 8
>20 years 6
>10 years 4
<10 years 2
Information not available 0

(6) Maintenance Costs

Due to the long durability of materials in ECO construction, it is assumed, that this construction is
easier and more convenient to maintain than the BAU construction. This results in a rating of 6 points
for the BAU scenario and 8 points for the ECO scenario as shown in Table 8.

Table 8. Maintenance costs.

Number BAU ECO

Maintenance Costs of Points Construction  Construction

Scarce interventions needed 10
Small interventions needed; no skills required nor high costs 8 8
Medium interventions needed with medium costs
Often interventions needed
Very demanding and highly expensive interventions needed
Information not available

SN B
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(7) Modulation and Flexibility

It is assumed that values of possible modulations and flexibility for both constructions are the
same. As for the data in, e.g., Table 6 also this assessment is based on interviews and surveys held with
representatives in BiH. The evaluation for modulation and flexibility is shown in Table 9.

Table 9. Modulation and flexibility.

Number BAU ECO

Modulation and Flexibility of Points Construction  Construction

High level of flexibility, if a change of purpose of the building
is needed
High level of modulation
Medium level of modulation and flexibility, if a change of
purpose of the building is needed
Low level of modulation
Low level of modulation and flexibility
Information not available

10 10 10

SN B O @

(8) Creation of Local Values with the Use of Local Potential and Development of Local Communities

Due to large number of elements and materials imported from abroad to develop BAU construction
in BiH, indicators’ values for creating local values and potential and development of local communities
differ very much from the ones in ECO construction, where the use of local natural resources and
potential development of local communities is at the maximum level. The evaluation is shown in
Table 10.

Table 10. Creation of local values with the use of local potential and development of local communities.

Number BAU ECO

Creation of Local Values with the Use of Local Capacities of Points  Construction  Construction

Available in the country with local open market and a great
potential for mass using
Available in the country with local open market and medium
potential for mass using
Currently available, but with no commercial values

A high level of import necessary

Not available on the local market
Information not available

10 10

ON B O ®
'S

(9) Level of Simplicity and Costs in Cases of Connecting to Local Infrastructure and Maintenance Services

Level of simplicity and costs in cases of connecting to local infrastructures are similar for both
constructions, since the technology of building is similar as demonstrated in Table 11.

Table 11. Level of simplicity and costs in cases of connecting to local infrastructure and maintenance services.

Level of Simplicity and Costs in Cases of Connecting to Local Number BAU ECO
Infrastructure and Maintenance Services of Points Construction  Construction
Integrated into the building process, with any significant requests 10 10 10
Requests for connecting are minimal 8

Additional work and means needed
Highly demanding and very expensive processes of connecting
A tough process of connecting which demands changes of standards
Information not available

O N O
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(10) Possibility for Recycling or Reusing

Value of recycling and reusing, when comparing both constructions, is much bigger in the case of
ECO construction, due to the maximum use of natural materials, possessing a wide range of recycling
and reusing possibilities. The associated evaluation in the form of points is shown in Table 12.

The total value of observed indicators of success for ECO construction is high, which confirms
that ECO construction is available, sustainable construction for house-building (Table 13). The total
result for BAU construction gives the lead to ECO construction in the value of 20.6 points, i.e., 28% of
obtained values of research is lower, which represents for this construction and its development in BiH
a great developmental challenge.

Table 12. Possibility for recycling or reusing.

s . . Number BAU ECO
Possibility for Recycling or Reusing of Points  Construction  Construction
High recycling value 10 10
Small requests for reconstruction 8
Medium recycling value and medium requests for reconstruction 6
Very demanding reconstruction and a small value of reusing 4 4
A small recycling value 2
Information not available 0

Table 13. Total results.

BAU Construction  ECO Construction
74.3 949

Total Results of Analysis

In the following table (Table 14) and written explanations are presented the final survey of
challenges and indicators for the assessment of sustainability regarding the available technologies in
house-building. By using a developed methodology in the presented tables, challenges and indicators
are combined for reaching detailed and elaborated analysis and assessment for both constructions.
Additional comparisons and analyses lead to important information on additional risks, challenges,
advantages and disadvantages of these constructions.

Survey of indicators for the assessment of sustainability regarding the available technologies
in house-building, given the above tables, shows many challenges in the case of BAU construction.
The first of challenges is the fact that many elements of the prefabricated wall currently are not produced
in BiH (mineral wool, oriented strand board (OSBs), plaster-cardboards, Styrofoam), but imported.
This is one of the reasons why these products are more expensive, and it affects the overall higher price
of the prefabricated wall. Primary energy and CO, emission in some wall elements (Styrofoam, mineral
wool, facade net) are very high, so dissipation of resources and energy occur when these materials
are used. An additional impact on the price has the lack of sufficient and safe funds to support local
production of some wall parts and prefabricated houses production, and as well, the market demand
increase influences the price.

Quality control was established, so the needed standards are reached. Quality control of the
prepared site, i.e., foundation, is an additional challenge to this kind of building.

ECO construction, i.e., the prefabricated wall using straw in its thermal-insulation material,
faces a big challenge, which influences the price, in terms of sufficient and safe funds to support
this production, and there is the market demand increase, too. Additionally, a big impact on the
construction price can have a challenge of establishing quality control of new products. Agricultural
workers, who grow crops in BiH, until now have not had any special requests when making hay bales
after the harvests, which now should be the case. It is necessary to provide education for agricultural
workers and to establish quality control for making hay bales on fields. Quality control of prepared
site, i.e., foundation, is an additional challenge to this kind of building.
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Table 14. Comparison of obtained indicators and challenges for BAU and ECO construction modelled

after [16].
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Lack of local resources BAU BAU BAU BAU BAU BAU BAU
Lack of sufficient or BAU BAU BAU BAU
safe funds ECO ECO ECO ECO
Lack of time, given the BAU
urgency of requests
Lack of skilled labor BAU
Quality control ECO ECO ECO ECO gég BAU
Dissipation due BAU BAU BAU  BAU BAU BAU
to inefficiency
Lack of added value BAU BAU BAU BAU
of creativity BAU ECO ECO ECO ECO BAU
. . BAU BAU BAU BAU BAU
Quality and location ECO ECO ECO ECO ECO ECO BAU

BAU Construction—production of prefabricated walls on the basis of current technology is not
demanding in terms of producing nor installing and has a long tradition in BiH. The challenge is in
a small amount of use of local resources and materials, while the most materials in the prefabricated
wall are imported, which has an effect on big costs of primary energy and CO, emission of this wall.

ECO Construction—production of prefabricated walls is part-straw, which also is not demanding
in terms of production or installation. The existing production plants for prefabricated wood houses in
BiH can redirect one part of the production process to a modular preparation, which will have different
dimensions and a way of placing elements in the wall. Additional space for storing hay bales will
be needed. Conditions of this space will have to be similar to the conditions of storing spaces for
other thermal-insulation materials. No special safety equipment is needed for installation of these
elements into the wall. The challenge will be quality controlled in the plants of both hay bales and
the final process of the wall, because the system of installing is new. Since straw is the supportive
element in the prefabricated wall, the dimensions of needed support, wood construction are minimal.
The role of wood construction of the wall in this new technology is to form a frame, not to give any
primary support.

The time to manufacture and install a prefabricated construction is minimal for both constructions.

If the complexity of building and the time needed for making and drying a classical masonry
construction are compared to prefabricated wood construction, the second one has a huge advantage
regarding time the needed for building and the time needed for drying, respectively.

An additional challenge posed to BAU construction lays in the time needed for procurement of
material and elements, since they are not produced in BiH or the region. Quality control, as the biggest
challenge to establishing this new technology within the production process in BiH, will additionally
impact the time of manufacturing and installing of ECO construction.

Creativity and commitment to building with local healthy materials are challenges for future
architects and designers in BiH, in regard to ECO construction.

Level of prefabrication of an object depends on building location. It is necessary to provide
education and promotion of this kind of building at the local level through institutions of formal and
non-formal education, where the optimal time for building and simplicity of it, as the advantage of
this construction, will be presented.
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Combination of low purchasing power of citizens of BiH, and people in the region, and an increased
need for residential units are clear reasons for providing support to building from prefabricated elements
of BAU construction, which—due to its price—remains competitive. On the other side, if all advantages
of production, installation and use of ECO construction are taken into account, which also is innovative
and, therefore, its mass production would bring manifold benefits at the state level, they surely justify
the right to pay special attention to this construction.

A challenge regarding mass production of BAU construction is obtaining most materials and wall
elements from abroad, which would lead to the economic development of other countries, but BiH.
It additionally leads to dissipating value due to the inefficiency of production. Mass production would
increase the number of new workplaces, but only in the primary industry, not in the adjacent sectors of
civil construction.

Mass production of modern sustainable ECO construction would increase the number of new
workplaces, both in primary production and its sectors, in agriculture and rural development sector.

Prefabricated objects are permanent ones, regardless of which construction is in question. Duration
of these objects is determined by the maintenance level, behavior of users, quality control and quality
and characteristics of building location. Duration of some wall elements should be examined and
tested, in order to ensure equal duration and characteristics of the wall in the course of its whole life
span, i.e., the guarantee from manufacturers, and as well, a guarantee for the whole wall should be
given. In addition, in order to ensure the duration and to make easier maintenance of these objects,
it is needed to determine and test which are the most suitable facades for all climate zones in BiH.

The greatest challenge in BiH is making a list of forest resources and sustainable forest management.
For both constructions is needed to provide wood resources from the certified forests and have
sustainable forest managing on the whole territory of BiH.

Lack of sufficient and safe funds for housing issues, and a lack of local creativity and support
to the prefabricated wood building are challenges posed to BAU construction. Requests are rare for
addressing the issue of missing residential housing by building prefabricated wood low-energy houses.
The majority of investors, who decide for the prefabricated house in BiH, chose a classical type of
building, which does not imply energy savings, because it is cheaper.

The greatest number of innovations, which ECO construction is, asks for time for support and
mass application of them. Promotion of local values, health and sustainability have to be systematically
prepared. Also, continuity is important for gathering as many supporters as possible, who will with
their own creativity provide added value, flexibility and mass building with modern sustainable
constructions. Development of production plants creates local values with maximal use of local
potential and materials, which are currently ecological waste, but can be resources of sustainable
economic development of rural communities of BiH, which will bring a multitude of advantages.

Challenges for both constructions are innovations in foundation building, done in a sustainable
way, which will not harm nature. Disposal of the upper layer of soil on landfills for agricultural soils,
use of natural local materials which are not harmful to the environment, recycling some of the materials
that are suitable for foundation building, which already is on the building sites, spatial planning and
rational use of existing infrastructure would be elements of innovations in foundation building.

Impossibility to recycle or reuse the most elements of the wall is precisely the greatest environmental
challenge of current prefabricated elements of BAU construction. Wood and OSBs, made of wood
waste, are the only recyclable elements of the wall. Other elements of this construction cannot be
recycled, or their recycling is too expensive and harmful. An additional challenge lays in researches
which will address issues of modulation and flexibility of these systems in the future, which would
decrease the need for recycling. A modular approach would ensure multiple uses of the wall elements,
which—after dismantling—would be disposed or recycled. Lack of funds to support this phase after
reconstruction or demolition is a challenge that BiH has to overcome.

The advantage of ECO construction is its 100% recyclability and reusability, respectively, as the
most precious and the most important reasons, besides the reasons regarding the development of local
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economy, local values, turning waste into the product, opening a greater number of new workplaces,
users” health and increase of life quality.

Also, this construction faces a challenge of researching for advanced systems of modulation and
flexibility for the purpose of further improvement of clean innovative technologies.

(11) Concluding Remarks on Results Obtained by Method 1

The following diagram (Figure 3) is a summed survey of results obtained on the basis of the
analysis of indicators for the assessment of sustainability regarding the available technologies in
house-building for two elaborated constructions.

Indicators for assesments of sustainability of available
technologyin housing building

M BAU construction  m ECO construction

Figure 3. Diagram of the relation among values of analyzed indicators for two constructions.

On the basis of analysis and this diagram (where advantages and disadvantages of analyzed
constructions are visually presented), it can be concluded that ECO construction, comparing to BAU
construction, has advantages regarding the following categories: Price, opportunity for economic
development of BiH, duration, easier maintenance, opportunity for local development, and possibility
of recycling of all wall parts. Regarding categories of complexity, time for installing, flexibility and
modulations, and degree of easiness of connecting to the existing infrastructure, both constructions
have the same values.

It can be concluded, that the analysis of indicators for the assessment of sustainability regarding
the available technologies in house-building proved a great number of advantages of natural local
materials. Advantage of ECO construction is in the possibility of having a lower price for objects
built by this technology. Lower prices make these constructions more available to the citizens of BiH,
if they decide to build or buy residential objects. Beside the price, these constructions provide healthier
residential spaces, that also have more overall quality.

Maintenance of these objects is easier, and their durability is longer due to longer durability of
natural materials, used in the building process, but with an emphasis they need to be maintained in
accordance with recommendations and standards of producers. A huge advantage of recycling and
reusing of all parts of ECO construction is, ecologically, its greatest value what, also, to a great extent
has a positive impact on providing a healthier environment in BiH.
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For BiH, the most significant advantage lays in possibilities of the overall sustainable economic
development, especially the sustainable development of rural communities. A planned approach to
economic development creates a lot of space for opening new plants, developing research centers,
connecting small enterprises/producers and educating and having new workplaces that bring prosperity
to BiH.

3.3.2. Method 2

The second research method is based on HAM3D simulation model and calculation of
environmental impact due to CO,-equivalent of the construction. HAM3D model solves numerically
the equations for the combination of heat, moisture and air flow in the observed materials and
constructions with the environmental conditions set, by using databases for climate zones, where
the analyzed construction is placed. Due to non-existing databases for climate zones of cities in BiH,
in this case, the climate zone of the City of Vienna was used. In this research method also data from
baubook [29] is used for the ecological assessment.

In order to obtain comparable the U-values of the construction a layer of sheep wool insulation
was added to the ECO construction of [30]. Sheep wool has comparable characteristics concerning
thermal insulation with mineral wool, but is on top of that more ecological [32,33]. Table 15 shows the
results obtained by HAM3D simulation concerning the course of temperature and the total amount of
water in construction. The first diagram shows the temperature on the internal side of the wall was
equally stable, while U-values of the constructions are almost equal. Also, a stable amount of moisture
in both constructions was reached in the second year after installing and it remained stable, i.e., after it
was stabilized, there was no increase of moisture in construction. The calculation was done with real
data on climate for the City of Vienna.

Figures 4 and 5 for ECO and BAU constructions show that under the influence of real data
on climate, the total amount of moisture in construction becomes stable within the first two years,
and afterwards stays stable—in the course of a further period of using, accumulation of moisture does
not happen.

Table 15. HAMB3D Results for observed constructions.

BAU Construction ECO Construction

3D presentation from producer

KRIVAJA LOW ENERGY HOUSE

[31] [30]
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Table 15. Cont.
Construction—in HAM 3D Program

Course of temperature on the internal wall surface for five years

BAU Construction
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Figure 5. Singled out the result on the level of moisture for ECO construction according to HAM 3D
calculations during the first five years.

Results obtained from calculations for eco balance and a survey of relations between materials,
on the one side, and on the other, the whole construction, with consideration of global warming,
the equivalent of CO, emission and acidity of constructions, which were researched here, are shown
in Tables 16 and 17. It has to be emphasized that conventional vapor barriers for both constructions
are omitted, because materials for these barriers are artificial and not convenient for combining with
natural materials. There is a vapor barrier made of cellulose, used in prefabricated wood constructions,
in combination with natural materials (sheep wool and straw), that has good results and allows natural
materials to breathe. Since a primary objective was not to research a motion of moisture in construction,
a vapor barrier was left out from both analyzed constructions.

The U-values for both constructions were checked, as shown in Tables 16 and 17. Values for both
constructions are in the range of values for passive houses.

Table 16. U-values and eco balance—BAU Construction.

A n o) GWP AP
Prefabricated External Wall of Wood BAU
[m] [mK/W]l [1] [kg/m®] [kgCO2] [kgSO,]

Epoxy resin plaster 0.020 0.70 50 1000 492 0.0294
Net for facade 0.001 0.20 1 1000 2.45 0.0164
Styrofoam 0.200 0.04 60 25 20.85 0.0745
Wood construction (10%) 0.160 0.12 50 450 -9.07 2.4552
Mineral wool 0.160 0.04 1 150 34.56 0.2472
OSB 0.012 0.13 200 610 -7.32 0.0441
Mineral wool 0.045 0.04 1 150 9.72 0.0695
OSB 0.012 0.13 200 610 -7.32 0.0441
Plaster-cardboard 0.015 0.21 1 850 2.66 0.0089

Rsi+Rse 0.17  [mZK/W]

R'T 993  m?K/W

R"’T 961  m2K/W

U-value 0.10 W/m2K
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Table 17. U-values and eco balance—ECO Construction.

24 of 27

A n P GWP AP
Prefabricated External Wall of Wood ECO
[m] [mK/W] [1] [kg/m3] [kgCO,] [kg SOl

Epoxy resin plaster 0.020 0.700 50 1000 4.92 0.0294
Net for facade 0.001 0.200 1 1000 2.45 0.0164
Insulation of wood fibres 0.060 0.051 5 160 -1.76 0.0384
Wood construction (10%) 0.420 0.120 50 450 —23.81 0.6445
Straw 0.420 0.051 1 120 -56.70 0.0386
OSB 0.012 0.130 200 610 -7.32 0.0441
Sheep wool 0.045 0.040 1 19 0.40 0.0077
Plaster-cardboard 0.015 0.210 1 850 2.66 0.0089

Rsi+Rse 017  [mZK/W]

R'T 1015  m’K/W

R'T 759  m2K/W

U-value 0.11 W/m2K

If only values of global warming potential and CO; emission are compared, obtained results
clearly point to the advantages of natural materials, which have a minimal influence on the environment
in their life cycle.

In the example for BAU construction (Figure 6) can be clearly seen to what extent the impact on
the environment is negative and how high is the global warming potential of materials as Styrofoam
and PVC net for the facade, and also, of mineral wool. All mentioned materials are imported in BiH,
which additionally enlarges their negative impact on the environment, due to the calculation of CO,
emission in the course of their transport to the location of installing.

In the example of ECO construction (Figure 7) can be immediately seen to what extent natural
materials have an advantage over artificial ones. Some natural materials neutralize global warming
effects and CO, emission due to their natural ability to accumulate CO,, and that is the reason why
values of impact on the environment and global warming potential are negative. Therefore, Figure 7
strongly supports the development of clean technologies in BiH, which would locally produce all parts
of prefabricated houses.

Equivalent of CO, for BAU construction
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Figure 6. Potential of global warming—BAU Construction.
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Figure 7. Potential of global warming—ECO Construction.

4. Conclusions

From all the mentioned above, that resulted out of the conducted research, a conclusion imposes
itself that the use of natural materials in the clean technologies of prefabricated constructions for
house-building brings multiple benefits, not only for the development of BiH, but worldwide. The same,
further, reflects in the wide spectrum of advantages, as are new workplaces and a decrease of harmful
impact on the environment.

A special emphasis should be placed on the advantage relating to the economic development of
BiH, that would come after the introduction of new clean technologies. New technology development
in BiH would surely lead to building new, or adapting old plants, and making connections among these
plants for the purpose of production of final products, as are prefabricated constructions of natural
materials. Additionally, all accompanying services would be created as a result of developments of
forest management and agricultural management, as well as the development of rural communities
and the services within them. It is especially important, that the issues regarding ecological waste
would be solved. Therefore, the use of the potential of natural materials would not only have a high
impact on the construction sector, but also improve diversification and protection of biodiversity in
other sectors.

Due attention should be paid to needs for new workplaces in the primary plants and accompanying
service in both the civil construction industry and accompanying industries that manage natural
materials. An increased employment rate would lead to more adequate filling the budget on all levels,
especially pension and health care funds.

A special focus has to be put on a great need of having a unique database for the whole BiH,
containing climate data necessary for future calculations of optimal solutions for small local areas.
Statistical climate data for every location will contribute to the optimization of future solutions, which is
a task of future researches. Furthermore, for researching or certifying buildings, it is necessary to
define and adopt databases on climate conditions for the last one hundred years for the whole territory
of the state, and on the basis of data gathered from meteorological stations in BiH.

Mass use and acceptance of innovative technologies demand time; therefore, full support for the
introduction of innovative clean technologies, provided by the state of BiH, is required. Above all,
it’s important to involve all stakeholders in an interdisciplinary approach for solving challenges in the
civil construction sector.

There is a risk for investors in cases of decision-making regarding investments in clean innovative
technologies, because there is no support in BiH for such investments. However, if the government
of BiH would support an initiative in regard to exemption of relevant taxes, i.e., “Green” tax relief
initiative, and, additionally, if it would allocate support funds for clean technologies development,
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investors would be encouraged by these and similar reliefs to making the mentioned investments and
chose development. It would be important to secure subsidies or package of incentives, as an additional
stimulus, for ecologically aware investors, who decide to use new technologies in the building process.
In this context, it would be especially important to ensure support of the government of BiH for
education and research institutions and for promotion of this kind of building.

In line with this, the government of BiH, by providing its support to formal and non-formal
targeted education, implemented on all levels and offered to all key stakeholders, would accomplish
multiple benefits for citizens, civil construction industry, accompanying civil construction sectors,
educational and research institutions and their mutual networking.

Keeping a balance between advantages and disadvantages, risks and gains, opens a great space
for a positive discussion on future strategic commitments of the state BiH in the housing sector.
Additional positive discussions and researches would enable optimal use of advantages, that would be
brought by the application of clean sustainable technologies, based on natural resources, to the overall
development of BiH. Therefore, it is surely possible to reach the best strategic goals of sustainable
development of BiH by an integral interdisciplinary approach and involvement of all stakeholders.
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