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INTRODUCTION

The monograph analyses the life cycle of the built environment. This, however,
is only one of many periodic life cycles characteristic to various systems across
the universe (time and calendar cycles, planetary cycles (astronomical cycles,
climate and weather cycles, geological cycles), organic cycles (agricultural cy-
cles, biological and medical cycles, brain waves and cycles), physics cycles
(mathematics of waves and cycles, electromagnetic spectrum, sound waves),
miscellaneous cycles (economic and business cycles), music and rhythm cycles,
religious, mythological, and spiritual cycles, social and cultural cycles, military
and war)).

The building life cycle assessment (LCA) methodology dates back to 1960s,
when concerns over the limited availability of raw materials and energy re-
sources led to new ways to account for energy use and the consequences of
these uses (SAIC 2006). First developed in the 1960s, Life Cycle Assessment
(LCA) is the most widely used and highly regarded tool for quantifying the
environmental impacts of products and services (SteelConstruction). The oil
price increases of the 1970s spurred significant research and activity to improve
energy efficiency and find renewable energy sources. This, combined with the
environmental movement of the 1960s and 1970s, led to the earliest experi-
ments with contemporary green building (Barrows and Iannucci 2009).

In the 1980s, the product life cycle was used by Weber (1976), Doyle (1976)
and Wasson (1978) for external purposes, such as marketing. Its application
broadened in the present decade into building materials, construction, chemi-
cals, automobiles, and electronics. This was primarily because of the formali-
zation of LCA standards in the ISO 14000 series (1997 through 2002) and the
launch of the Life Cycle Initiative, a combined effort by United Nations Envi-
ronment Programme (UNEP) and the Society of Environmental Toxicology and
Chemistry (SETAC), in 2002 (SAIC 2006). In the 1990s and later, the building
life cycle analysis was used by Preiser (1983), Fereig and Younis (1985), Gus-
tafsson and Karlsson (1989), Zavadskas, Kaklauskas and Bejder (1992a, 1992b),
Zavadskas, Peldschus and Kaklauskas (1994), and other researchers. Later, Kak-
lauskas (1996, 1999) applied the concept of the building life cycle analysis in
the construction industry life cycle analysis.

To design and achieve effective life cycle of the built environment a complex
analysis of its stages as well as stakeholders, their aims and potentialities is
needed. The effect of micro, meso and macro environmental factors should also
be taken into account.

A built environment life cycle consists of closely interrelated stages: brief;
design; raw material extraction, transport and processing; construction mate-
rials production and distribution; construction; use, repair and maintenance;

7



8 INTRODUCTION

demolition; disposal, reuse, or recycling. A built environment life cycle may
have a lot of alternative versions. These variants are based on the alternative
brief, design, construction, facilities management, refurbishment, demolition,
utilization and recycling processes and their constituent parts. Millions of the
built environment life cycle alternative versions can be obtained. The diversity
of solutions available contributes to more accurate evaluation of climatic and
energetic conditions, risk exposure, maintenance services, as well as making
the project cheaper and better satisfying a client’s architectural, comfortability,
technological and other requirements. This also leads to better satisfaction of
the needs of all parties involved in the project design and realization.

Various stakeholders (clients, users, facilities and property managers, ar-
chitects, designers, utilities engineers, economists, contractors, maintenance
engineers, built environment material manufacturers, suppliers, contractors,
finansing institutions, local government, state and state institutions) are in-
volved in the life cycle of the built environment, trying to satisfy their needs
and affecting its efficiency. The level of the efficiency of the life cycle of the
built environment depends on a number of variables, at three levels: micro,
meso and macro level.

The problem is how to define an efficient built environment life cycle when
a lot of various parties are involved, the alternative project versions come to
millions and the efficiency changes with the alterations in the environment
conditions and the constituent parts of the process in question. Moreover, the
realization of some objectives seems more rational from the economic per-
spective thought from the other perspectives they have various significance.
Therefore, it is considered that the efficiency of a built environment life cycle
depends on the rationality of its stages as well as on the ability to satisfy the
needs of the stakeholders and the rational character of environment conditions.

Formalized presentation of the research shows how changes in the environ-
ment and the extent to which the goals pursued by various stakeholders are
satisfied cause corresponding changes in the value and utility degree of a built
environment life cycle. With this in mind, it is possible to solve the problem of
optimization concerning satisfaction of the needs at reasonable expenditures.
This requires the analysis of the built environment life cycle versions allowing
to find an optimal combination of goals pursued and finances available.

This monograph consists of seven chapters.

In recent years, many theories, methods, models and systems for the analy-
sis of the life cycle of the built environment have been developed worldwide
and described in Chapter 1. For a broader application of the life cycle of the
built environment in the practice of various countries, more attention needs
to be paid not only on the selected most rational processes and solutions, the
interest level of the stakeholders, but also on the micro, meso and macro level



factors. The authors of Chapter 1 developed the Life Cycle of the Built Environ-
ment Model over the course of two international projects (IDES-EDU and LEAN
CC). Based on this Model, professionals involved in design and realization of
the life cycle of the built environment can develop a lot of the alternatives as
well as assessing them and making the final choice of the most efficient variant.
Designing and realising an efficient life cycle of the built environment requires
an exhaustive investigation of all solutions that form it. The efficiency of a spe-
cific built environment depends on a great number of factors such as energetic,
technical, technological, economic, legal/regulatory, infrastructure, innovative
and microclimatic, social, cultural, ethical, psychological, emotional, religious,
ethnic, etc. Solutions based on alternatives allow a more rational and realistic
assessment of traditions and of energy-related, economic, ecological, legisla-
tive, climatic, social and political conditions. They also help meet customer
requirements better. Multi-variant design and multiple criteria analysis of the
built environment came to mean processing and evaluation of loads of data.
The number of feasible alternatives could be in the range of millions. With such
enormous amounts of information, multi-variant design and multiple criteria
analysis of alternative options has become problematic. To address these issues,
the authors have developed the Life Cycle Model of the Built Environment. It
can be noticed that researchers from various countries engaged in the analysis
of the life cycle of the built environment and its stages did not consider the
research’s object as was analyzed by the authors of the present investigation.
Authors of the Monograph analyse a life cycle of the built environment as fol-
lows: the built environment, the stakeholders involved in its life cycle as well
as the micro, meso and macro environments, having a particular impact on it
and making an integral whole.

Chapter 2 “Facilities Management” presents following aspects: the origin
and the analysis of the definition of the Facilities management; Facilities Man-
agement goals and tasks; Facilities Management process and other. Special at-
tention paid on Facilities management services quality assurance. The quality
criteria system for facilities management services in Lithuania is presented. The
fulfilled survey in 2010 year on customer satisfaction with facilities manage-
ment services in Lithuania is described. For decision making it is possible to
apply different decision-making methods. The application of Nominal Group
Technique for facilities management in Lithuania is analysed in the chapter.
The two completed surveys are described. The complex Facilities Management
Process analysis model is suggested. The Consulting Knowledge System for
Facilities Management Sector in Lithuania is suggested and described. At the
end the administration of housing in Lithuania, Estonia and USA is analysed.
Conclusions presented as well.
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Chapter 3 “Retrofit of buildings in urban neighborhoods” analyse moderni-
sation and retrofit of buildings as one of the forms of urban development.
Modernisation of apartment houses is a particularly relevant issue both in
Lithuania and many other countries. To make it more efficient, the modernisa-
tion of apartment houses must be integrated an entire block or residential area
must be renovated and the principles of sustainable development must be fol-
lowed. It dwells on the issues related to retrofit planning in residential blocks/
areas and analyses the condition of apartment houses and their environment
and the strategies for retrofit of residential areas with apartment houses. The
strategies aim to improve the living standards and the quality of environment,
to cut energy consumption and CO, emissions, to maintain mixed social struc-
ture, to integrate new buildings into the existing environment in a sustainable
manner, to develop an urban centre of a residential area as a functioning part
of the city, to develop democratic planning and to seek close cooperation of
modernisation partners. The scenarios based on relevant strategies must de-
fine the measures of retrofit, their priority and their potential effect. Some of
the problems associated with assessing the retrofit effectiveness of apartment
buildings in urban areas are considered. The retrofit of houses should be fol-
lowed by the amelioration of their surroundings. The priority order of districts
to be renovated depends on the condition of the buildings in a district and on
strategic urban development programmes. In order to determine the profit-
ability of investments in housing retrofit, a number of retrofit scenarios should
be developed. The authors of this section offer a new approach to determining
the retrofit effectiveness of houses based both on expected energy savings and
the increase in market value of renovated buildings. In line with the proposed
approach, retrofit scenarios for apartment buildings in Vilnius were developed,
i.e. retrofit investment packages for various districts were prepared and ar-
ranged in the priority order for their application according to the method of
geographical analysis suggested by the authors. Calculations of building retrofit
effectiveness have shown that the replacement of original windows with new
ones is not as effective in terms of heat energy saving as are the insulation of
a roof, walls and other improvements because the investments are large and
take a long time to be repaid. However, in addition to energy saving, window
replacement improves the indoor climate of the building, its interior and ar-
chitectural appearance as well as its market value. The sequence of building
operations determines when the replacement of windows should be done. When
financial resources are limited, managers of public buildings often begin the
renovation of a building’s envelope with the replacement of windows. The cli-
ent faces some problems in choosing among the great variety of windows to
satisfy his/her needs, especially with respect to the cost-quality relationship.
The method of multiple criteria complex proportional assessment (COPRAS)



11

developed by the authors aims at solving the above- mentioned problems. The
solutions based on multicriteria analysis allow for a more rational and realistic
assessment of customer’s needs as well as cutting down window renewal costs.
Chapter 4 reviews academic research papers which discuss the role of values
in the energy sector and then presents a set of criteria and automated decision
support system for the assessment of the environment of energy generation
technologies with emphasis on the dimension of social issues and values. Com-
prehension of the effect of energy generation technologies on the natural envi-
ronment, human health and safety leads to a new and responsible approach to
the choice and development of technologies. Although the issues predominant
in the concept of sustainable energy development are economic and environ-
mental ones, the changing environment necessitates a new approach towards
the impact of social systems on the industry and demands for a more profound
assessment of the role this aspect plays. Social development obeys the laws of
sociology, thus energy policies must be established and solutions of techno-
logical development that meet societal needs must be found always making
sure that the impact on social processes has been considered and public atti-
tudes, values, sentiments towards development decisions, and the right of self-
determination have been respected. Values—culture, cultural identity, ethics,
beliefs, religion, education, weight of social institutes and other — can make an
important impact on decisions related to the development of energy generation
technologies, or even be the determining factor. Growing significance of public
attitudes demands consideration of the dimension of values in environmental
studies; when problems concern technologies they must also consider the values
which are important and significant to the public or its separate groups. One
way to make quantitative and qualitative assessment of the effect of technolo-
gies on the environment is through a thorough integrated analysis, which, in
addition to economic and technical solutions, also considers other aspects of
concern to the public. End parts of chapter examines how the dimension of val-
ues affects the analysis of the impact of environmental factors on the value of
energy generation technologies. It presents a set of criteria for the assessment of
energy generation technologies; the set, in addition to technological, economic
and environmental criteria, includes criteria which reflect the values. The case
study also introduces the automated decision support system EGTAV-SPS, which
helped assess the effect of environment on energy production technologies.
Chapter 5 analyses definitions, resources and methods of information man-
agement; capital and information; expert and information systems; strengths
and weaknesses of information systems and possibilities for their implemen-
tation in an organization and the best experience along with its information
bases. The description of the life process of the built environment, the interest
groups acting within it and the micro, meso and macro environment acting on
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project effectiveness regards them as one entity. This description contains vari-
ous aspects of explicit and implicit knowledge regarding the life process of the
built environment. A major portion of knowledge on the built environment is
implicit: abilities, competence, experience, an organization’s culture, informal
and unrecorded procedures, skills, informal networks of organizational con-
tacts, an intelligent organization’s capital, ideals, values, customs, traditions
and emotions. The development of the complex data and information base on
a built environment’s life cycle process and the informational model for the
life cycle of the built environment’s renovation appear next. Also, Chapter 5
presents a write-up of the team and its team work employing Web-based tech-
nologies and discusses the computer-based work accomplished collectively.

In order to design and realize an efficient built environment life cycle with
focus on climate change mitigation and adaptation, it is necessary to carry out
exhaustive investigations of all the decision and processes that form it. The ef-
ficiency level of the considered built environment life cycle depends on a great
many micro, meso and macro factors. The authors of Chapter 6 participated in
the different EU projects related with built environment and climate change
(LEAN CC (Linking European, Africa, and Asian Academic Networks on Climate
Change), etc.). One of the LEAN CC project’s goals was to develop a Model
and Intelligent System of the built environment Life Cycle Process for Climate
Change Mitigation and Adaptation. The presented Model and Intelligent System
enables one to form up to 100 million alternative versions. In order to demon-
strate the micro, meso and macro factors that influence the efficiency of the
built environment in climate change mitigation and adaptation processes, the
Model will be considered as an example. In the past there has been no intel-
ligent approach to learning from climate change mitigation and adaptation in
built environment projects once they are completed. Now, however, the built
environment is adapting concepts of tacit and explicit knowledge management
to improve the situation. Top managers generally assume that professionals
in enterprises already possess tacit and explicit knowledge and experience for
specific types of projects. Such knowledge is extremely important to organisa-
tions because, once a project is completed, professionals tend to forget it and
start something new. Therefore, knowledge multifold utilisation is a key factor
in productively executing a climate change mitigation and adaptation in built
environment project. The main purpose of the Chapter 6 is to present the Model
of the built environment Life Cycle Process for Climate Change Mitigation and
Adaptation which the authors of this Chapter have developed.

Chapter 7 “Distance Learning Experience in Construction and Real Estate
at VGTU” contains the general information about distance learning develop-
ment in the World, Lithuania and Vilnius Gediminas Technical University
(VGTU). The main attention paid on infrastructure and new technologies used
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in distance learning at VGTU. The Chapter analyses the possible ways of adver-
tising and management of distance education. The possible ways of marketing
and management at the Department of Construction Economics and Property
Management are described. Joint second-cycle distance-learning programmes
at the Department of Construction Economics and Property management are
presented. In order to clarify a number of issues related to the study process
(first and foremost the student motivation, efficiency of advertising, issues re-
lated to the quality of study materials, reaction of social environment, etc.) the
4 survey researches were conducted during the period of 2003-2013 years and
the results are analysed and the conclusions presented in the Chapter 7.






CHAPTER 1

MULTIPLE CRITERIA ANALYSIS OF THE LIFE
CYCLE OF THE BUILT ENVIRONMENT

Artiiras KAKLAUSKAS, Edmundas Kazimieras ZAVADSKAS

1.1. Periodic life cycles of various systems across the universe

The monograph analyses the life cycle of the built environment. This, how-
ever, is only one of many periodic life cycles characteristic to various systems
across the universe (time and calendar cycles, planetary cycles (astronomical cy-
cles, climate and weather cycles, geological cycles), organic cycles (agricultural
cycles, biological and medical cycles, brain waves and cycles), physics cycles
(mathematics of waves and cycles, electromagnetic spectrum, sound waves),
miscellaneous cycles (economic and business cycles (see Figure 1.1), music and
rhythm cycles, religious, mythological, and spiritual cycles, social and cultural
cycles, military and war)).

Various astronomical (full moon cycle, Galactic year, Great year, Lunar
phase, Mesoamerican calendars, Milankovitch cycles, Moon phases, Orbital pe-
riod, etc.) and climate and weather (animal migration, carbon cycle, climate
change, global cooling, global warming, 1500-year climate cycle, etc.) cycles
exist. A few examples are presented here. Life affects climate through its role in
the carbon and water cycles and through such mechanisms as albedo, evapotran-
spiration, cloud formation, and weathering (Spracklen et al. 2008). The Earth’s
axis completes one full cycle of precession approximately every 26 000 years.
At the same time, the elliptical orbit rotates more slowly. The combined effect
of the two precessions leads to a 21 000-year period between the astronomical
seasons and the orbit. In addition, the angle between Earth’s rotational axis and
the normal to the plane of its orbit (obliquity) oscillates between 22.1 and 24.5
degrees on a 41 000-year cycle (Milankovitch 1998). According to (Willson and
Hudson 1991), solar output also varies on shorter time scales, including the
11-year solar cycle.

A more detailed overview of the theory of the life process and cycles and
specific cycles follows.

Theories of cycles are concepts that define the development of the society or
its individual subsystems (economy, social policy, culture, etc.) as a sequence
of repeating cycles; a cycle means an aggregate of processes and phenomena
that make up a full turn over a defined period of time and bring the social
system back to its initial state or a state similar to it. The theories date back to
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Figure 1.1. GDP growth (annual %) and industry (value added, % of GDP) cycles

(the World Bank 2013)

ancient times. Notions of a cyclical development of the society and the cosmos
as a whole are characteristic to the philosophy of Heraclitus, Empedocles, Plato,
Aristotle and Marcus Aurelius; they pervade the Indian philosophy. According
to Plato, the cosmos exists as an eternal alternation of disasters and births; any
society has its own cycles of development, for example, the Hellenic history
(HoBasa ¢unocodckas sunukstonequs 2010).

In nature, all cyclical processes can be classified into the following main

groups (DKOHOMHYECKUI CIIPAaBOYHUK):

+ Simple cycles. This group comprises the majority of cyclical processes
that happen in the cosmos and the microworld. These cycles define the
movement of celestial bodies along a closed curve which brings them back
to the initial state.

+ Complex cycles. This group includes processes with an ascending phase and
a descending phase in their development. They are particularly abundant in
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the world of living things, but they can also be found in the world of non-
living things, in the space and on Earth. An example of such cycles is the
development cycle of any organism that goes through the phases of birth,
youth, maturity, ageing and death. An example in the world of non-living
things could be stars that move through the same cycle.

+ Multiple cycles. They are mostly found in the world of living things; their
defining attribute is that organisms in one cycle launch a new cycle of
another organism that co-exists with the old organism for a while.

« Single and repeating cycles. An absolute majority of cycles are repeating
cycles. An example of a single cycle in the world of living things is catching
an infectious disease. In the world of non-living things an example of a
single cycle could be a one-off volcanic eruption.

Climate, for instance, is a complex cycle (see Chapter 6). Different concepts
of the cycles of climate change and their link with social, economic and other
cycles exist. These concepts also exist in attempt to make a direct link between
natural (first of all cosmic) cycles and historical cycles and fluctuations; this
way William Jevons linked the cycles of solar activity with economic cycles,
while Alexander Chizhevsky linked them to the rise and fall of mass social
movements, revolutions and so on. The ideas of Russian “cosmists” (Vladimir
Vernadsky, Nikolai Morozov, Konstantin Tsiolkovsky, etc.) served, to some ex-
tent, as a methodological foundation for similar concepts (Hosas ¢unocodckas
SHIIMKJIOIEeJUA).

A multiple cycle is, for instance, the solar cycle. Currently 11-year, 22-year and
80-90 year solar cycles are known. The cycle of sunspot activity has a direct
link to the Earth’s climate. The ring width of some trees shows an 11-year cycle.

Next, an example is briefly provided simple cycles.

Dreams and daily emotional spin cycle are simple cycles. Normal sleep is a cy-
clical phenomenon that happens approximately every 24 hours. These cycles
are known as circadian rhythms. According to Edgar et al. (2012), a circadian
rhythm is any biological process that displays an endogenous, entrainable os-
cillation of about 24 hours. These 24-hour rhythms are driven by a circadian
clock, and they have been widely observed in plants, animals, fungi, and cy-
anobacteria. The rhythm is linked to the light-dark cycle. Animals, including
humans, kept in total darkness for extended periods eventually function with a
free-running rhythm. Their sleep cycle is pushed back or forward each “day”,
depending on whether their “day”, their endogenous period, is shorter or longer
than 24 hours (Shneerson et al. 2007).

Humans have a well-defined internal clock that shapes their energy lev-
els throughout the day: the circadian process is often referred to as Circadian
rhythm because it tends to be very regular. This natural — and hardwired — ebb
and flow in our ability to feel alert or sleepy has important implications for
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people-on-the-job. Although managers expect their employees to be at their best
at all hours of the workday, it’s an unrealistic expectation. Employees may want
to be their best at all hours, but their natural Circadian rhythms will not always
align with this desire (Barnes 2015). In the opinions of Hufford et al. (2014),
cognition is affected by Circadian rhythms over the course of a day. Students
face an analogical situation. Esteki and Sadeghi (2010) compare students’ short
term memory (visual and audio) by Circadian rhythm at the different hours of
the day. This data shows that biological rhythms are highly important for dis-
tributing and planning mental activity.

Students are unable to learn effectively all day long. Learning effectiveness
is greater at one time and less at another, when the organism requires rest. Any
time a person has been sitting or concentrating longer than 90-120 minutes
(depending on his/her personal rhythm), he/she will begin to experience signals
sent by the body telling him/her that it’s time to take a break (Bentley 1999). In
the last decade a growing number of researches that investigate the relationship
between Circadian rhythm and academic performance have been conducted.
These researches have indicated that there is an asynchrony problem between
Circadian rhythm of individuals and face-to-face course times. Online learning
can be seen as a potential solution (Horzum et al. 2014).

The 12 settings are arranged in a circle from negative red, to negative blue, to
positive blue, to positive red. How well do you know your own daily emotional
spin cycle? There are two methods psychologists use to answer this question.
One approach is to ask you to respond to various questions (or “personality scale
items”) and then comparing your answers to other people’s answers or to some
standards already established. This method raises reliability issues since the data
depend on how accurate your responses are, or how well they represent what
you really do. A second approach is to have you monitor your feelings, thoughts,
and actions as they occur and make some sort of record of it for later analysis.
This approach offers a better promise of being valid and comprehensive and is
the method we will use for this report. The idea in a nutshell is for you to moni-
tor your threefold-self at certain designated times during the day and recording
which of the 4 zones you are in at the time of the self-observation. By doing this
several times a day over a few days, you will be able to have the data on your
emotional spin cycle (James, Nahl 2003).

This might seem obvious, but previous studies have arrived at conflicting
results about our mood cycles. For example, psychologists have variously said
that positive feelings peak: just once, 8 to 10 hours after waking; once at noon
and once in the evening; and once in the afternoon and again in the evening.
Different studies have also claimed that negative feelings are most common in
the morning, afternoon or evening... or don’t have any daily cycles all! The
mood cycles suggest that sleep gives us a chance to reboot our moods from the
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stress of a working day, and weekends are doubly refreshing for our emotions.
And people show the same emotional cycles around the world even though
they might come from different cultures and countries (including the UK, USA,
Canada, India, Australia, New Zealand and various African nations) (Golder,
Macy 2011).

By their duration, cycles are classified as follows. The longest cycles exist in
the space, such as the main cycle of the Universe, the galactic cycle, and the
development cycle of our solar system.

Besides very long “life cycles” (that can take between several hundred and
several thousand years), a number of theories of cyclic development use cycles of
“generational shifts” spanning periods between several decades (usually 25-35
years) and a century. The majority of these approaches mean “social” genera-
tions with their shift, first of all, related to changing cultural and political con-
ditions, rather than pure biological generations. The issues of social generations
and their shift as a mechanism that pushes social development are presented
in works by such thinkers as Niccold Machiavelli, Jean Bodin, Tommaso Cam-
panella, Blaise Pascal, David Hume, Jean-Jacques Rousseau, Adam Ferguson,
Henri de Saint-Simon, Charles Fourier, Auguste Comte, John Stuart Mill, Herbert
Spencer, Wilhelm Dilthey, Leopold von Ranke, Vilfredo Pareto, Karl Mannheim,
and José Ortega y Gasset. Among modern authors, the idea of shifting social
generations as a foundation for historical cycles is present, for instance, in works
by Arthur Schlesinger, an American historian and political philosopher (HoBas
dunocodcekas suuukstoneausa 2010). Also, economic cycles have been classified
depending in their periodicity. The most common are (Business cycles):

* Very short cycles, with duration of 30-40 months; also known as Kitchin

cycles, whose studies saw in stock rotation the origin of these cycles.

» Short cycles, with duration of 7-11 years; also known as Juglar cycles,
which origin is based on subsequent inventions.

* Long cycles with duration of 15-25 years; commonly known as Kuznets
cycles, whose analysis placed the origin of cycles in demographic factors
such as birth rates or migrations.

+ Very long or Kondratiev cycle with duration of 50-60 years. This cycles
originate with breakthroughs in capital goods, such as the steam engine or
the Internet.

Cycles of related areas interact; together they create a higher-level aggregate
and their dynamics reflects the influence of three types of cycles: their own cy-
cle, cycles of directly related processes, and cycles that characterise the dynam-
ics of the whole aggregate. This can be illustrated by an example of productive
forces: their dynamics reflects the cyclic irregularity of changes in productive
forces as a whole of their constituent elements (humans with their educational
background and qualifications, science, technology and forces of nature engaged
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in production, the structure and organisation of production, economic manage-
ment) has its own patterns and trends of cyclic development; at the same time
each process (e.g. the process of science, the process of technology and the edu-
cational process) is exposed to irregular dynamics of related, closely integrated
processes (DKOHOMUYECKHUI CIIPaBOYHUK).

Fedulov and Astafieva (2008) give several examples of interaction between
cycles of related domains. The shift of Earth’s geographic poles is caused by sea-
sonal movement of air and water masses and is also influenced by the elastic and
viscous properties of the lithosphere. A detailed analysis of interactions between
the atmosphere and the ocean, based on the observations of the phenomenon
known as El Nifio Southern Oscillation, leads to a conclusion that Earth, ocean
and atmosphere go through concerted oscillations and affect each other. In ad-
dition to the Southern Oscillation and quasi-biennial oscillations in the atmos-
phere and ocean, another visible manifestation of such oscillations is the shifts
of Earth’s poles (®enysio, ActadbeBa 2008).

The interaction between remote cyclic oscillations related to other domains,
which may disrupt and deform the normal flow of a process’s cyclic develop-
ment, must also be considered. Nature’s cycles (global changes of the Earth’s
climate, movements of the Earth’s crust that cause regular large earthquakes,
solar cycles of various duration), for instance, may greatly affect the dynamics
of ecological, economic and social processes, temporarily disrupt the intrinsic
rhythm of their movement, and change the flow of cyclic time (3xoHOMIUYECKHIT
CIIPaBOYHUK).

1.1.1. Social cycle theories

Various principles and theories are applied in the analysis of social, economic
and other cycles. In the context of wave and cycle mathematics, they are, for
instance, the chaos theory and the catastrophe theory.

Nefedov (2003, 2004) developed his mathematical model of preindustrial so-
ciodemographic cycles. The basic logic of these models looks as follows: after
the population reaches the ceiling of the carrying capacity of land its growth
rate declines toward zero values and the system experiences significant stress
with decline of the living standards of common population, increasing severity of
famines, growing rebellions etc. Most complex agrarian systems had considerable
reserves for stability, however, within 50-150 years these reserves usually got
exhausted and the system experienced a demographic collapse, when increasingly
severe famines, epidemics, increasing internal warfare and other disasters led to
a considerable decline of population. As a result of this collapse, free resources
became available, per capita production and consumption considerably increased,
the population growth resumed and a new demographic cycle started (Nefedov
2003, 2004).
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Tarrow (1998) tries to explain the cyclical history of social movements in
the form of the protest cycles. Tarrow (1998) defines protest cycles as a phase
of heightened conflict across the social system, with intensified interactions
between challengers and authorities which can end in reform, repression and
sometimes revolution.

Dynastic cycle is an important political theory in Chinese history. Accord-
ing to this theory, each dynasty rises to a political, cultural, and economic
peak and then, because of moral corruption, declines, loses the mandate of
heaven (the Emperor was favored by heaven to rule over China), and falls,
only to be replaced by a new dynasty. The cycle then repeats under a surface
pattern of repetitive motifs (Reischauer 1965). This theory sees a continuity
in Chinese history from early times to the present by looking at the succes-
sion of empires or dynasties, implying that there is little basic development or
change in social or economic structures (Dillon 1998). The cycle appears as
follows (Fairbank 1979; Ching 1974): a new ruler unites China, founds a new
dynasty, and gains the mandate of heaven; China, under the new dynasty,
achieves prosperity; the population increases; corruption becomes rampant in
the imperial court, and the empire begins to enter decline and instability; a
natural disaster wipes out farm land (the disaster normally would not have
been a problem; however, together with the corruption and overpopulation, it
causes famine; the famine causes the population to rebel and a civil war en-
sues; the ruler loses the mandate of heaven; the population decreases because
of the violence; China goes through a warring states period; one state emerges
victorious; the state starts a new empire; the empire gains the mandate of
heaven; the cycle repeats itself.

Turchin (2003) connects population dynamics, state resources and internal
warfare in the population dynamics models. In this model the elites control-
ling the state are not assumed to be selfish. It is rather assumed that the state
has a positive effect on population dynamics. There are many mechanisms by
which the state can increase the carrying capacity: the strong state protects the
productive population from external and internal (banditry, civil war) threats,
and thus allows the whole cultivable area to be put into production; states often
invest in increasing agricultural productivity by constructing irrigation canals
and roads, by implementing flood control measures, by clearing land from for-
ests, etc. Again, the end result of these measures is an increase in the number of
people that can be gainfully employed growing food, i.e., the carrying capacity.
When the population size becomes large, food sup-plies are exhausted and the
elite multiplies out of control — then state collapse is observed, followed by a
significant decrease in the number of peasants. A large number of elite cannot
be supported by a shrunken population, so eventually the elite decreases, and
the cycle of growth starts over (Turchin 2003).
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Notions that historical development displays cyclical nature and consistent re-
peating patterns were the basis of philosophical and historical concepts of social
development on which, at different times, worked Giambattista Vico, Heinrich
Riikkert, Nikolay Danilevsky, Oswald Spengler, Arnold Toynbee, Carroll Quig-
ley, Lev Gumilyov, etc. In these concepts, the cycles of social development are
usually seen as the “life cycles” of specific social systems with their own birth,
growth and death (Vico’s “age of barbarians”, “age of heroes”, “age of cities,
laws and reason”; Spengler’s “spring”, “summer”, “autumn” and “winter” of cul-
tures; Toynbee’s “genesis”, “growth”, “time of troubles” and “disintegration” of
civilisations; Gumilyov’s phases of the ethnogenesis and development of ethnic
groups). These concepts do not negate the fact that a given social system can go
through periods of progressive, ascending movement, but they see the periods as
distinct development phases of limited duration, inevitably replaced by phases of
stagnation and decline. A unifying feature of these theories is that “life cycles”
are seen as more or less universal schemes that, in line with their authors’ intent,
define the development of any culture, civilisation or ethnic group. At the same
time such theories, though they capture some general development patterns
of different ethnic, national or civilisation formations, often fail to take into
account the unique features and qualities characteristic to each specific social
system (HoBasa ¢unocodckas sHuukioneaua 2010).

On a related matter, studies of long-term cycles by the famous Russian econo-
mist Kondratieff and others have shown that both the frequency and amplitude
of military conflicts tend to increase after commodity prices have hit major
(secular) lows and turned higher. Further to the above, in his interesting and
controversial book “War Cycles Peace Cycles” Richard Kelly Hoskins correlates
secular commodity price trends, war, peace, and the practice of borrowing mon-
ey into existence. He produced the following chart representing the secular
trends in commodity prices over the past 340 years and explained that most of
the important conflicts occurred during the “up phases” on the chart. The secular
up-trends for commodity prices were hence termed “war cycles” and the down-
trends termed “peace cycles”. Hoskins’ book was written in 1985, so there is no
date shown for the bottom of the “peace cycle” that began in 1980. However, if
the 1999 low for commodity prices turns out to be THE major bottom then we
are presently in the fourth year of a “war cycle” that is likely to last at least 20
years (Saville 2003).

Job-Loss Cycle outlines the stages and emotions that people typically experi-
ence during job loss and transition. It is important to keep these stages in mind
as you experience work transition and make decisions about what you will do
next. Knowing where you are at in the cycle will help you to understand your
emotions and will help you in the transition process. It should be noted that
this process can’t be rushed by ignoring your emotions — our experience tells us
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that negative experiences can often lead to feelings of anger, depression, and
despair, and these emotions inevitably come across to potential employers. Your
success will rely on you taking the time to move through the negative emotions
stemming from a job transition towards positive feelings to hope and opportu-
nity. Notice that the cycle has two parts — job loss and job search. The cycle
appears to be like a roller-coaster through both sections — and it is. Both will
present emotional stresses. Seek out support — from family, friends, an employ-
ment counsellor or a counsellor. These connections will be important to your
successful transition. With the job loss comes both shock and anger followed by
worry and anxiety. When the initial emotional jolt subsides it is time to start
to anticipate the upcoming job search. The job search is rightly called a “yo-
yo” period, with moments of hope and excitement countered with moments of
fear and rejection. The yo-yo period of the Job Loss Cycle can be an important
time to ally with an employment counsellor - it helps to have someone outside
of your regular network who can help you keep things in perspective and keep
actively job searching (Job-Loss Cycle).

The transition cycle provides a valuable model for organisations, managers
and employees to understand the different phases of transition that all em-
ployees and groups will go through during a period of change. Understanding
this process helps managers to support employees through this natural human
process. The transition cycle highlights the pattern of feelings and behaviours
that employees typically go through when they experience change, whether the
change is personal or organisational. Management style must adapt to different
phases of the change process. Launching a change may require a firm, directive
style, whereas the transition will require a more supportive and consultative
approach. Trust is a key component for all employees going through the transi-
tion cycle. Employees need to trust their senior management team’s competence,
credibility and motives for launching any change. If the transition process is not
effectively managed then an organisation is likely to experience some or all of
the following (Managing the transition):

+ Increased sickness absence.

» Reduced/poor performance.

+ Scapegoating.

« Loss of creativity and initiative.

+ Increased grievances.

* Resignations.

1.1.2. Philosophy

Analysis of cycles is a fairly popular topic in philosophy as well.
In philosophy, the notion of cyclicity can be traced back to the Ancient
Greece. Bible wrote: “What has been is what will be, and what has been done
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is what will be done, and there is nothing new under the sun.” The notes of
Herodotus (5th c. BC) introduce the first full scheme of a cycle applied to politi-
cal regimes: kingship, tyranny, oligarchy, democracy, and ochlocracy. Works by
Polybius (200-118 BC) dwell on a similar idea that all political units (polities)
pass through an inexorable cycle of growth, zenith and decay. In the Middle
Ages, Tbn Khaldiin (1332-1406), a careful observer of social life, had similar
ideas and was also convinced that “there is nothing new under the sun”. He lik-
ened the cycles of civilisation to life cycles of living organisms: growth, maturity
and senility (IllTommnka 2011).

1.1.3. Industry cycles

In many industries, market dynamics such as sales, price, capacity, and invest-
ment are highly cyclical, observed in the form of successive expansions and
contractions that affect all firms. These industry-level cycles may have different
patterns from the general business cycles at the country level; and they are also
distinct from fluctuations due to seasonal effects and those due to random shocks
in the industry. The generation of industry cycles is considered from the Schum-
peterian perspective to be endogenous, while from the neoclassical perspective
they are created by exogenous shocks. Different mechanisms may be seen to
account for them, depending on the industry, ranging from effects of macro-
business cycles, to mismatch and delay between different market dynamics, and
to dynamics of innovations, among others. These cyclical industrial dynamics
have profound implications for firms’ strategizing (Tan 2015).

1.2. Introduction to the life cycle of the built environment

The building sector contributes about a third of all energy-related emissions world-
wide. Taking into account the emissions caused by land-use change impacts caused
by urbanization, the manufacturing of building elements and the production of
building materials, the share becomes even larger. According to the World Watch
Institute, if the current trend continues the entire global community will run out
of raw building materials by approximately 2030. Moreover, the building sector
consumes water — a scarce resource in many parts of the world - for domestic use,
landscapes and cooling towers. The building sector also generates a large variety
of waste in construction, operation, renovation and, finally, demolition. Conse-
quently, finding an effective way to transform the way we plan, design, build,
operate, renovate and demolish buildings in the direction of sustainable practices
has been the goal of many environmental assessment tools. In addition, there are
co-benefits from this effort such as decreasing air and environmental pollution, im-
proving health and productivity, and enabling sustainable economic development
by promoting new sustainable technologies and behavior (Airaksinen et al. 2011).
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In recent years, many theories, methods, models and systems for the analysis
of the life cycle of the built environment have been developed worldwide (Ali
et al. 2015, Almeida et al. 2015, Antipova et al. 2014, Ayoub et al. 2015, Azari
2014, Ba-baizadeh et al. 2015, Chau et al. 2015, Chiang et al. 2014, Cobut et al.
2015, Cui et al. 2015, Desideri et al. 2014, Dong and Ng 2015, Edgar 2010, Islam
et al. 2015a, 2015b, Kim et al. 2015, Kovacic and Zoller 2015, Kaklauskas et al.
1999, 2005, 2006, 2007, 2012, 2013, 2015, Amnatou et al. 2015, Lamnatou et al.
2014, Lamnatou et al. 2015, Love et al. 2015, Miller et al. 2015, Mosteiro-Romero
et al. 2014, Nadoushani and Akbarnezhad 2015, Nicolae and George-Vlad 2015,
Pajchrowski et al. 2014a, Pajchrowski et al. 2014b, Pargana et al. 2014, Pheng
1996, Rain-ville et al. 2015, Rashid and Yusoff 2015, Rauf and Crawford 2015,
Russell-Smith et al. 2015a, 2015b, Safaei et al. 2015, Srinivasan et al. 2014,
Takano et al. 2014, Takano et al. 2015, Teravainen et al. 2011, Tsai et al. 2014,
Wen et al. 2015, Wong and Zhou 2015, Zabalza et al. 2011, Zhang et al. 2015,
Ooteghem and Xu 2012, Ramesh et al. 2010, 2012a, 2012b, Verbeeck and Hens
2010a, 2010b, Mora et al. 2011, Li et al. 2013, Kofoworola et al. 2009, Gustavs-
son et al. 2010, Wallhagen et al. 2011, Hernandez and Kenny 2010, Asdrubali
et al. 2013, Li 2006, Hu et al. 2013, Utama and Gheewala 2009, Dodoo et al.
2011, Huberman and Pearlmutter 2008, Baek et al. 2013, Stephan et al. 2012,
You et al. 2011, Kneifel 2010, Dodoo et al. 2010, Zhang et al. 2013, Hernandez
and Kenny, 2011, Taborianski and Prado 2012, Ramesh et al. 2012, Raniga and
Wong 2012, Yung et al. 2013, Dodoo et al. 2012, Mitropoulou et al. 2011, Tian-
yan and Min 2012, Peuportier et al. 2013, Ma and 2013, Blengini and Carlo
2010, Marszal and Heiselberg, 2011, Kua and Wong 2012, Marszal et al. 2012,
Rossi et al. 2012, Sartori and Hestnes 2007, Chel et al. 2009, Rossi et al. 2012).

Built environment can be defined in several ways:

+ All the structures people have built when considered as separate from the
natural environment (the British English definition).

« Artificial or man-made surroundings built to serve for a particular purpose,
e.g. human activities ranging from the large-scale civic surroundings to the
personal places (Biology-Online.org).

« All the structures people have built when considered as separate from the
natural environment (the American English definition).

» The term built environment refers to the human-made surroundings that
provide the setting for human activity, ranging in scale from buildings and
parks or green space to neighborhoods and cities that can often include
their supporting infrastructure, such as water supply, or energy networks.
The built environment is a material, spatial and cultural product of human
labor that combines physical elements and energy in forms for living,
working and playing. It has been defined as “the human-made space in
which people live, work, and recreate on a day-to-day basis” (Linked in).


http://www.macmillandictionary.com/search/british/direct/?q=all
http://www.macmillandictionary.com/search/british/direct/?q=the
http://www.macmillandictionary.com/search/british/direct/?q=structures
http://www.macmillandictionary.com/search/british/direct/?q=people
http://www.macmillandictionary.com/search/british/direct/?q=have
http://www.macmillandictionary.com/search/british/direct/?q=built
http://www.macmillandictionary.com/search/british/direct/?q=when
http://www.macmillandictionary.com/search/british/direct/?q=considered
http://www.macmillandictionary.com/search/british/direct/?q=as
http://www.macmillandictionary.com/search/british/direct/?q=separate
http://www.macmillandictionary.com/search/british/direct/?q=from
http://www.macmillandictionary.com/search/british/direct/?q=the
http://www.macmillandictionary.com/search/british/direct/?q=natural
http://www.macmillandictionary.com/search/british/direct/?q=environment
http://www.macmillandictionary.com/search/american/direct/?q=all
http://www.macmillandictionary.com/search/american/direct/?q=the
http://www.macmillandictionary.com/search/american/direct/?q=structures
http://www.macmillandictionary.com/search/american/direct/?q=people
http://www.macmillandictionary.com/search/american/direct/?q=have
http://www.macmillandictionary.com/search/american/direct/?q=built
http://www.macmillandictionary.com/search/american/direct/?q=when
http://www.macmillandictionary.com/search/american/direct/?q=considered
http://www.macmillandictionary.com/search/american/direct/?q=as
http://www.macmillandictionary.com/search/american/direct/?q=separate
http://www.macmillandictionary.com/search/american/direct/?q=from
http://www.macmillandictionary.com/search/american/direct/?q=the
http://www.macmillandictionary.com/search/american/direct/?q=natural
http://www.macmillandictionary.com/search/american/direct/?q=environment
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+ The “built environment encompasses places and spaces created or modified
by people including buildings, parks, and transportation systems”. In
recent years, public health research has expanded the definition of
“built environment” to include healthy food access, community gardens,
“walkabilty”, and “bikability” (http://www.ieltsinternational.com/).

The built environment is at the origin of most of the mass and energy flows
for which man is responsible. It absorbs large economic resources and embodies
considerable cultural capital. Its form and composition may vary from place to
place, but the built environment invariably constitutes a principal societal re-
source in the modern world. Sustainable development of the built environment
is concerned with trying to enhance this resource — as an economic asset — while
simultaneously achieving many related ecological, social and cultural objectives.
However, given the scale of resource flows and corresponding impacts, sustaina-
ble development is ultimately about transforming the built environment in ways.
And the focus of research is increasingly expanding from individual buildings
to management of the built environment (defined as the construction, opera-
tion, renovation and final elimination of buildings, infrastructure and exterior
surfaces) (Kohler, Moffatt 2003).

Life-cycle thinking also encourages using less materials and more efficient use
of materials. In addition to awarding credits for reuse of all or part of an exist-
ing building, LEED v4 now allows project teams to use a whole building LCA
to optimize decisions on structure and envelope. It provides the most points for
reuse to account for the large environmental and, in many cases, economic and
social benefits associated with reuse strategies. When reuse is not possible, pro-
jects are rewarded for using less material while maintaining building function,
durability and reducing environmental impact. Life-cycle assessment and various
forms of Environmental Product Declarations do not address all environmental
and human health impacts adequately. Therefore, LEED v4 includes credits that
are intended to better address human and ecological health impacts of mate-
rial extraction and the human health effects of constituents used in the product
life cycle. Specifying better materials is impossible without an understanding of
what goes into the products themselves. The life-cycle approach to MR credits
provides incentives for project teams to specify products from manufacturers
that provide a product’s full backstory (Todd 2013).

It is estimated that about 20 per cent of the US population suffers from
asthma, emphysema, bronchitis, diabetes or cardiovascular diseases and are
thus especially susceptible to external air pollution (American Lung Associa-
tion 2005). Outdoor air quality plays an important role in maintaining good
human health. Air pollution causes large increases in medical expenses and
morbidity and is estimated to cause about 800 000 annual premature deaths
globally (Cohen et al. 2005). Much research, digital maps and standards on the
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health effects (respiratory and cardiovascular effects, cancer, infection etc.) of
outdoor air pollution, a premise’s microclimate and property valuation, have
been published in the last decade. These and other problems, are related to a
built environment’s air pollution, a premise’s microclimate, health effects, and
real estate market value.

A built environment is developed in order to satisfy residents’ requirements.
Human needs can be physiological or social and are related to security, respect
and self-expression. People want their built environment to be aesthetically at-
tractive and to be in an accessible place with a well-developed infrastructure,
convenient communication access and good roads, and the dwelling should also
be comparatively cheap, comfortable, with low maintenance costs and have
sound and thermal insulation of walls. People are also interested in ecologically
clean and almost noiseless environments, with sufficient options for relaxation,
shopping, fast access to work or other destinations and good relationships with
neighbours.
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Figure 1.2. Life cycle of the built environment quantitative and
qualitative analyses aspects
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Both project teams and manufacturers benefit from the availability of good
information in the marketplace. Project teams can improve their product choices
to minimize negative impacts and encourage manufacturers to strive toward im-
proving their production practices or highlighting their best-in-class innovations.
Product manufacturers that report on the environmental, human and ecologi-
cal health impacts of their products demonstrate market leadership. With time,
markets are expected to function more effectively and freely through the open
sharing of this information (Todd 2013).

It must be admitted that the most serious problems of built environments,
e.g. unemployment, vandalism, lack of education, robberies, are not always re-
lated to the direct physical structure of housing. Increasing investment into the
development of social and recreational centres, such as athletic clubs, physical
fitness centres, and family entertainment centres, the infrastructure, a good
neighbourhood and better education of young people, can solve such problems.
Investment, purchase and sale of a property, and its registration have related
legal issues. The legal system of a country aims to reflect its existing social,
economic, political and technical state and the requirements of the market
economy. As illustrated, the life cycle of the built environment can be assessed
taking into account many quantitative and qualitative criteria. Life cycle of the
built environment quantitative and qualitative analyses aspects are presented
in Figure 1.2. The aspects listed in Figure 1.2 are detailed in further sections
(Quality of Life in a Built Environment, etc.).

On the contrary, EN 15978 standards have also classified the building life-
cycle into four phases and named as material manufacturing, construction,
maintaining the integrity of the specifications and maintaining the integrity of
the specifications as elaborated below (Guinee et al. 2001; Arena, Rosa 2003;
Elkaseh et al. 2013):

+ Material Manufacturing. This stage includes removal of raw material from
the earth, transportation of these materials to the manufacturing location,
manufacture of finished or intermediate materials, building product
fabrication, and packaging and distribution of building products.

+ Construction. This phase accounts for activities relating to actual construction
of a building project. Typically, the following activities are included in
this stage: transportation of materials and products to the project site,
use of power tools and equipment during construction of the building,
on-site fabrication, and energy used for site work. Permanent impacts to
the building site also fall into this stage, though these impacts are fully
considered in current LCA methods.

» Maintaining the Integrity of the Specifications. This stage refers to
build an operation, which includes energy consumption, water use, and
environmental waste generation. It also takes into account the repair and
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replacement of building assemblies and systems.

« Maintaining the Integrity of the Specifications. This includes energy
consumed, and environmental waste produced due to building demolition
and disposal of materials to landfills. The transport of waste building
material is also included in this stage. Recycling and reuse activities related
to demolition waste can also be included in this stage, depending on the
availability of data. It should be noted here that the description of building
life-cycle stages presented above is based on review of previous LCA studies.
Each life-cycle stage may or may not include all the activities described
above, depending on the scope of the project.

Building life cycle refers to the view of a building over the course of its entire
life — in other words, viewing it not just as an operational building, but also
taking into account the design, construction, operation, demolition and waste
treatment (Kotaji 2003).

The built environment is not constructed in an empty space. During the built
environment life cycle — brief, designing, construction, maintenance, facility
management, renovation, demolition and utilization — built environment are
affected by various micro, meso and macro level factors.

The construction sector, as compared to all other sectors of industry, is nota-
ble for its low labor productivity and high fragmentation. Theoreticians, practi-
tioners and politicians alike from different countries contribute a great deal of
attention, efforts and time to eliminate such shortcomings. Scientists from differ-
ent countries have sought to resolve problems in their works regarding project
planning issues by complexly analyzing the life cycle of the built environment
or of its component parts. Research of the life cycle of the built environment
aimed to increase its efficiency that is being conducted globally may be classi-
fied in various ways, including:

+ As investigations aimed at solving actual problems appearing at a particular
stage of a built environment life cycle (i.e., brief, design, construction,
maintenance, facilities management).

+ As investigations handling a certain problem through the entire life cycle
of the built environment.

+ As investigations aimed at increasing overall efficiency of the life cycle of
the built environment.

+ As investigations aimed at increasing the efficiency of the life cycle of the
built environment or its particular stage by applying recent IT achievements.

A thorough built environment’s life cycle (brief; design; raw material extrac-
tion, transport and processing; construction materials production and distribu-
tion; construction; use, repair and maintenance; demolition; disposal, reuse, or
recycling (see Figure 1.3) analysis is quite difficult to undertake, because a
buildings and its environment are a complex system (technical, technological,
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economical, social, cultural, ecological, etc.), where all sub-systems influence
the total efficiency performance and where the interdependence between sub-
systems play a significant role. It can be noticed that researchers from various
countries engaged in the analysis of the life cycle of the built environment but
its stages did not consider the research’s object as was analyzed by the authors
of the present investigation. Authors of the Monograph analyse a life cycle of
the built environment as follows: the stakeholders involved in its life cycle as
well as the micro, meso and macro environments, having a particular impact on
it and making an integral whole. Various stakeholders (clients, users, architects,
designers, utilities engineers, economists, contractors, maintenance engineers,
built environment material manufacturers, suppliers, contractors, financing in-
stitutions, local government, state and state institutions) are involved in the
life cycle of energy-efficient built environment, trying to satisfy their needs and
affecting its efficiency.

Micro, meso and macro-level environment

Raw material
extraction,
transport and
processing

Design

Construction

Disposal, Life cycle ol
reuse of the built mate.rla S
or recycling environment production and

distribution

Use,
repair
and
maintenance

Demolition

T T I

Micro, meso and macro-level
environment

Figure 1.3. Life cycle of the built environment

The problem is how to define a life cycle of the built environment when a
lot of various parties are involved, the alternatives come to hundreds thousand
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and the efficiency changes with the alterations in the environment conditions
and the constituent parts of the process in question. Moreover, the realization
of some objectives seems more rational from the economic perspective thought
from the other perspectives they have various significance. Therefore, it is con-
sidered that the rationality of life cycle of the built environment depends on the
rationality of its composite parts as well as on the ability to satisfy the needs
of the interested parties and the rational character of environment conditions.
Our research object is life cycle of the built environment, interested parties
striving to attain their goals and micro, meso and macro environment making
an integral whole.

In view of the global practice, any analysis of various aspects characteristic
to the life cycle of the built environment focuses on the analysis of energy. The
next two sections analyse this aspect.

1.3. Areas of practice of energy-efficient built environment

It is well known that buildings consume between 35% and 40% of the overall
energy produced. Therefore, the EU has launched energy legislation (Renew-
able Energy Directive, Energy Efficiency Directive, etc.) and multiple initiatives
(e.g. Public Private Partnerships in Energy-Efficient Buildings (PPP EeB), 2030
framework for climate and energy policies, Energy Efficiency Plan, etc.) to make
built environment more energy efficient.

E I
Vehices nerey sup.p v Urban climate Transportation
technologies
Green spaces [+~ Areas of practice of — Land use
energy-efficient
] built environment ]
Factories |« | System design
Buildings Infrastructure Policy decisions

Figure 1.4. Areas of practice of energy-efficient built environment

The imperative to reduce atmospheric carbon is well documented and one
significant area of production is from the built form which is responsible for up
to 40% of global energy consumption and 30% of the world’s carbon emissions.
Over the full life cycle of buildings, which includes construction and demoli-
tion, 80-90% of this energy is used during the operational phase to heat, cool,
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ventilate, light and run appliances. The balance of 10-20% represents the em-
bodied energy and is consumed during the building process of construction and
production of the raw materials themselves. The need for the transport of goods
and services, delivery of water and waste services to and from buildings adds
further to account of emissions that the built form is responsible for and the total
can be described as the carbon footprint (Goodfield et al. 2011).

Life cycle of the built environment application areas are presented in Figure 1.4.

Passive systems are the last technical components in each energy chain. Ex-
amples of passive systems include a car (excluding the engine) which delivers
transport, or a house (without the boiler or lighting device) which provides
thermal comfort and illumination (Cullen, Allwood 2010). Cullen and Allwood
(2010) describe passive energy systems within three broad categories (vehicles,
factories, and building):

— Vehicle: car (light-duty vehicle: car, mini-van, suv, pick-up), truck (heavy
duty vehicle: urban delivery, long-haul, bus), plane (aircraft: jet engine,
propeller), ship (ocean, lake and river craft: ship, barge, ferry), train (rail
vehicle: diesel, diesel-electric, electric, steam).

— Factory: driven system (system refrigerator, air compressor, conveyor,
pump), steam system (medium temperature application: petrochemical
cracker, reaction vessel, cleaning facility).

— Furnace (high temperature application: blast furnace, arc furnace, smelter,
oven).

— Building: hot water system (fuel and electric immersion boilers), heated/
cooled space (residential/commercial indoor space), appliance (refrigerator,
cooker, washer, dryer, dishwasher, electronic devices), illuminated space
(residential/commercial indoor space, outdoor space).

Demand-side energy-conservation measures include improving the energy-
out/energy- in efficiency of end uses (e.g., with more efficient vehicles, more
efficient lighting, better insulation in homes, and the use of heat- exchange
and filtration systems), directing demand to low-energy- use modes (e.g., us-
ing public transit or telecommuting instead of driving), large-scale planning
to reduce energy demand without compromising economic activity or comfort
(e.g., designing cities to facilitate greater use of non-motorized transport and to
have better matching of origins and destinations, thereby reducing the need for
travel), and designing buildings to use solar energy directly (e.g., with more day-
lighting, solar hot water heating, and improved passive solar heating in winter
and cooling in summer) (Jacobson, Delucchi 2011).

Keirstead et al. (2012) first presented a definition of urban energy systems, as
the combined processes of acquiring and using energy to satisfy the energy ser-
vice demands of a given urban area. This set the context and scope for a review
of 219 papers, covering five distinct areas of practice (Keirstead et al. 2012):
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« Technology design. The studies focused on energy supply technologies
including the design and performance of urban wind turbines; solar energy
systems including PV, hot water, and cooling; other heating or cooling
technologies, including fuel cells; vehicle performance under urban load
cycles; waste-to-energy systems, etc.

+ Building design. Broadly speaking the studies might be classified as dealing
with building design and renovation, energy demand estimation in the built
environment, urban climate as it directly affects buildings, urban planning
and policy, and transport. They represent a range of spatial scales, from
single buildings to groups of buildings in a street or district or the whole
city, and the behaviour of individuals.

« Urban climate. The studies operated at two main spatial scales. The first
group looked at the effect of urban climate and heat island effects on
buildings and the second looked at a larger district scale, including street
cross-sections or raster grid of several hundred metres.

+ System design. These studies are characterized primarily by their use of
optimization techniques. The typical problem definition in these studies
is, for an exogenously specified pattern of energy service demands, to
determine the combinations of capital equipment and operating patterns
to meet some objective subject to constraints (e.g. what is the lowest cost
system that satisfies heat and power demands subject to a carbon emissions
reduction target?).

+ Policy assessment. This cluster representing studies of the whole city and
how its energy performance might be shaped by policy decisions.

« Transportation and land use. Within this field of transportation and land
use research, integrated land-use-transport models are most relevant. These
are large complex, generally econometric, model systems which seek to
capture the major dynamics of urban processes such as land use change
and transportation use.

Almost one-third of energy is attributed to the production of materials and
goods in industry (Cullen and Allwood 2010). Allwood et al. (2009) analyzed
options for reducing energy use in material production (improving material ef-
ficiency through substituting less energy intensive materials, light-weighting
products, designing for reuse and recycling, etc.).

Nakicenovic et al. (1993) introduce the term ‘service efficiency’, defined as
‘the provision of a given task with less useful energy (the output from conversion
devices) without loss of ‘service’ quality’. The effect is to separate out efficiency
measures, for example using a more fuel-efficient car, from conservation meas-
ures, such as improving the flow of traffic (Nakicenovic et al. 1993).

Next, we present a few examples of components that comprise energy-effi-
cient built environment (energy carrier networks, pedestrian pavements in cities,
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trees and the open green spaces, environmental impacts of building structures,
the importance of ergonomics to sustainability throughout a building’s life cy-
clea-nd city-level greenhouse gas management).

Employing different energy carrier networks in connection with distributed
renewable energy generation is an attractive way to improve energy sustain-
ability in urban areas. An effective option to increase local renewable energy
production is to convert surplus electricity into e.g. thermal energy (Niemi et al.
2012).

Mendoza et al. (2012) examine the relevance of incorporating comprehen-
sive life-cycle environmental data into the design and management of pedes-
trian pavements to minimize the impact on the built environment. The over-
all primary energy demand and global warming potential of concrete, asphalt
and granite sidewalks are assessed. A design with a long functional lifetime
reduces its overall primary energy demand and global warming potential due to
lower maintenance and repair requirements. However, long-lived construction
solutions do not ensure a lower life-cycle primary energy demand and global
warming potential than for shorter-lived designs; these values depend on the
environmental suitability of the materials chosen for paving. Asphalt sidewalks
reduce long-term global warming potential under exposure conditions where the
functional lifetime of the pavements is less than 15 years. In places where it is
known that a concrete sidewalk can have a life of at least 40 years, a concrete
sidewalk is the best for minimizing both long-term primary energy demand and
global warming potential. Granite sidewalks are the largest energy consumers
and greenhouse gas contributors (Mendoza et al. 2012).

The trees and the open green spaces have multiple uses and their presence
in the outdoors makes a major contribution to the saving of energy inside the
buildings as well as to the improvement of the microclimate in the urban spaces
adjacent to buildings and in urban subareas. The amount of energy needed for
heating and cooling is decreased considerably by the suitable placement of trees
around buildings, so that there is much shading from the sun during the summer
and as little as possible during the winter (Georgi, Dimitriou 2010).

The term green building encompasses the design, construction, operation, and
deconstruction phases of a building’s life. In general, green buildings conserve
resources by using energy, water, and materials more efficiently during the
entire life of the building, including the initial construction phase. Currently,
the green building and sustainable building philosophies are merging in what
may best be described as a movement based upon “creating a healthy built en-
vironment based on ecologically sound principles” while considering the entire
life cycle of the built environment: planning, design, construction, operation,
renovation, and retrofit. Architects began to ignore environmental, health, and
social effects of buildings and their occupants, and the increasing complexity of
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building technologies brought about specialization in professionals who, unlike
the generalists, were not inclined to whole systems thinking. Selecting sites in
close proximity to existing services and infrastructure also minimizes disruption
of the natural environment (Shurtz 2012).

Environmental quality has become increasingly influenced by the built envi-
ronment and buildings play an important role in energy consumption and CO,
emissions through phases of life cycle. Li and Altan (2011) evaluate environmen-
tal impacts of reinforced concrete structure, steel structure and wood structure
in terms of embodied energy and CO, emissions of building materials in Taiwan.
Environmental burdens of materials from cradle to gate including long transpor-
tation factor are taken into analysis since a great amount of wood is imported
from the North America and ore of steel is imported from the West of Australia
to Taiwan. The results show that wood structure has great benefits for the built
environment in Taiwan (Li, Altan 2011).

Protecting and conserving environmental resources is a global concern. Over
the past decade, a number of certification processes have emerged to help de-
signers and operators of buildings assess the potential impact of a building on
the environment. Certifications such as the Leadership in Energy and Environ-
mental Design (LEED) consider the environmental impact through the lifecycle
of a building, but may not be considering the people that construct and utilize
it. It is important to remember the human factor. Considering the human fac-
tor throughout the lifecycle is crucial to ensure individuals are protected dur-
ing construction and in operation in the built environment. Miller et al. (2012)
highlights how ergonomics can be integrated into the life cycle of a building to
promote sustainability goals for both the human factor and the environment. A
case study approach was used to illustrate how ergonomics was integrated into
a LEED renovation and expanded into its daily operations on a large university
campus Miller et al. (2012).

Built environment carbon reduction strategies materialize predominantly
in city-level greenhouse gas (GHG) management, where new residential de-
velopment appears as one of the key instruments. However, city-level as-
sessments are often incapable of producing data at a community or neigh-
borhood level and thus they may heavily underestimate the emissions from
new construction (Heinonen et al. 2012). Heinonen et al. (2012) explore
the implications of low-energy residential construction as an instrument of
climate change mitigation in the built environment and demonstrates why
city-level approaches easily fail to identify the significance of the emissions
from construction. Heinonen et al. (2012) employ a hybrid life cycle assess-
ment (LCA) approach to demonstrate that, when the temporal allocation
of emissions from the construction and use phases is taken into account,
construction phase emissions come to have a central role in finding effective
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GHG mitigation strategies-even when the emissions from all consumption
activities during the use phase are included in the assessment. In fact, their
role would seem to be so central that new residential construction cannot be
utilized as an instrument of city carbon management, even over a relatively
long period (Heinonen et al. 2012).

1.4. Phases of life cycle assessment

The imperative to reduce atmospheric carbon is well documented and one
significant area of production is from the built form which is responsible
for up to 40% of global energy consumption and 30% of the world’s carbon
emissions (UNEP, 2009). Over the full life cycle of buildings, which includes
construction and demolition, 80-90% of this energy is used during the opera-
tional phase to heat, cool, ventilate, light and run appliances. The balance of
10-20% represents the embodied energy and is consumed during the build-
ing process of construction and production of the raw materials themselves
(Goodfield et al. 2011).

The output from an energy model, such as DOE, or BLAST, is the projected
energy use within a building as it operates over a typical meteorological year.
This energy is considered the “operational energy” and is one component of the
input needed to complete a building life cycle assessment (LCA). The second
major component of energy consumed by a building is the “embodied energy,”
which comes from the materials manufacturing and construction phases of the
building project. The need to understand embodied energy becomes more impor-
tant as measures to reduce operational energy are taken. For “net-zero buildings,”
the majority of the energy impacts will be embodied, as operational energy needs
are increasingly met by on-site power generation. An LCA that includes the mate-
rials manufacturing and construction phase of the project is the primary means
of computing the embodied energy in a building (Bayer et al. 2010). In manufac-
turing, the LCA process is governed under ISO 14000, the series of international
standards addressing environmental management (Jones 2008).

The building phases commonly evaluated by a LCA begin with material sourc-
ing and manufacturing (raw material mining, transportation to manufacturing
plants, manufacturing processes, packaging, distribution and transportation),
construction (construction of building, including all aspects such as design, plan-
ning, electrical work, plumbing; manual labor, consultations, and so on), opera-
tion and maintenance (move-in of tenants; general building operation; energy
use, water use, waste generation, etc.; replacements needed for repair, transport
of replacement parts and labor; general maintenance activities), and lastly de-
commissioning or recycling (demolition and salvaging of the building at the
end-of-life stage; transport of materials either to landfill or recycling center;
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recycling process; reuse activities) if appropriate (Bayer et al. 2010; Assefa et al.
2007; Bribian et al. 2009).

Life cycle assessment shall include definition of goal and scope, inventory
analysis, impact assessment and interpretation of results (applications of LCA
(product development and improvement, strategic planning, public policy mak-
ing, marketing, other) are outside the scope of this International Standard):

« The goal and scope of an LCA study shall be clearly defined and
consistent with the intended application. The goal of an LCA study shall
unambiguously state the intended application, the reasons for carrying
out the study and the intended audience, i.e. to whom the results of the
study are intended to be communicated. In defining the scope of an LCA
study, the following items shall be considered and clearly described: the
functions of the product system, or, in the case of comparative studies,
the systems; the functional unit; the product system to be studied; the
product system boundaries; allocation procedures; types of impact and
methodology of impact assessment, and subsequent interpretation to be
used; data requirements; assumptions; limitations; initial data quality
requirements; type of critical review, if any; type and format of the
report required for the study. LCA is an iterative technique. Therefore,
the scope of the study may need to be modified while the study is being
conducted as additional information is collected. The primary purpose of
a functional unit is to provide a reference to which the inputs and outputs
are related. This reference is necessary to ensure comparability of LCA
results. Comparability of LCA results is particularly critical when different
systems are being assessed to ensure that such comparisons are made on
a common basis. The system boundaries determine which unit processes
shall be included within the LCA. The selection of inputs and outputs,
the level of aggregation within a data category, and the modelling of the
system shall be consistent with the goal of the study. The system should
be modelled in such a manner that inputs and outputs at its boundaries
are elementary flows. The data quality requirements should address time-
related, geographical and technology coverage; precision, completeness
and representativeness of the data; consistency and reproducibility of
the methods used throughout the LCA; sources of the data and their
representativeness; uncertainty of the information) (ISO 14040). Impacts
from the built environment are plentiful and can range from measuring
air pollutants to noise levels, to habitat destruction, etc. (Hossain 2013).
Buildings are always described as complex products, complexity which
lays in the process of production. Due to the complexity of construction
industry and the long life span of buildings (the life span was assumed
to be 50 years as in many LCA studies applied to buildings), and because
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the scenarios within a building life span are not very clear, all subsequent
phases of LCA will affect and modify the goal and scope definition phase
in some way or another, so it will need review and modification within
and after each phase (Khasreen et al. 2009).

Inventory analysis involves data collection and calculation procedures to
quantify relevant inputs and outputs of a product system. These inputs and
outputs may include the use of resources and releases to air, water and land
associated with the system. Interpretations may be drawn from these data,
depending on the goals and scope of the LCA. These data also constitute
the input to the life cycle impact assessment. The process of conducting an
inventory analysis is iterative. As data are collected and more is learned
about the system, new data requirements or limitations may be identified
that require a change in the data collection procedures so that the goals of
the study will still be met. Sometimes, issues may be identified that require
revisions to the goal or scope of the study. The qualitative and quantitative
data for inclusion in the inventory shall be collected for each unit process
that is included within the system boundaries. The procedures used for data
collection may vary depending on the scope, unit process or intended
application of the study. Data collection can be a resource-intensive process.
Practical constraints on data collection should be considered in the scope
and documented in the study report (ISO 14040). The indicator datasets
can include energy, raw material, physical inputs, products, waste, releases
to air, water and soil, and any other environmental aspects. Choosing the
indicators can be a subjective, value-laden activity if established industry
benchmarks and standards are not followed (Dammann and Elle 2006).
The impact assessment phase of LCA is aimed at evaluating the significance of
potential environmental impacts using the results of the life cycle inventory
analysis. In general, this process involves associating inventory data with
specific environmental impacts and attempting to understand those impacts.
The level of detail, choice of impacts evaluated and methodologies used
depends on the goal and scope of the study. This assessment may include
the iterative process of reviewing the goal and scope of the LCA study to
determine when the objectives of the study have been met, or to modify
the goal and scope if the assessment indicates that they cannot be achieved.
The impact assessment phase may include elements such as, among others:
assigning of inventory data to impact categories (classification); modelling
of the inventory data within impact categories (characterization); possibly
aggregating the results in very specific cases and only when meaningful
(weighting) (ISO 14040). The second optional part of the impact assessment
phase is weighting. During this process, the data from all of the impact
categories are aggregated by applying weights to each category. The
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numerical weights are based on value choices and as such are often a point
of criticism. However, by utilizing this optional step and having one single
score as the final outcome, the LCA tool provides a qualitative aspect to the
quantitative calculations, allowing for a value-based outcome that is tailored
to the specific needs of the decision-maker (Gloria et al. 2007). Each LCA
tool applies a different scale of weights for their impact categories and as
such cannot be compared across tools (Hossain 2013).

+ Interpretation is the phase of LCA in which the findings from the inventory
analysis and the impact assessment are combined together, or, in the case
of life cycle inventory studies, the findings of the inventory analysis only,
consistent with the defined goal and scope in order to reach conclusions
and recommendations. The findings of this interpretation may take the form
of conclusions and recommendations to decision-makers, consistent with
the goal and scope of the study. The interpretation phase may involve the
iterative process of reviewing and revising the scope of the LCA, as well
as the nature and quality of the data collected consistent with the defined
goal. The findings of the interpretation phase should reflect the results of
any sensitivity analysis that is performed. Though subsequent decisions
and actions may incorporate environmental implications identified in the
findings of the interpretation, they lie beyond the scope of the LCA study,
since other factors such as technical performance, economic and social
aspects are also considered (ISO 14040).

It is notable that researchers from various countries who engaged in analyz-
ing a built environment life cycle and its stages did not consider the research
object under analysis by the authors of this present investigation. The latter
may be described as follows: a life cycle of the built environment, the parties
involved in its design and realization as well as the micro-, meso and macro-
environments having a particular impact on it constituting an integral entity.
A complex analysis of the formulated research object was conducted with the
help of new methods, multiple criteria project analysis especially developed for
this purpose.

1.5. Stakeholders

1.5.1. General information about stakeholders

The concept of sustainable community combines the principles of architecture,
ecology and sociology, reflects the harmonious relationship between human and
nature, and follows the tenets of sustainable development. Constructing sustain-
able communities needs the cooperation of different stakeholders of planner, real
estate developer, governor, inhabitant, and manager of department of property.
Sustainable community indicators are normally under an indicators framework,
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applying quantitative or qualitative indicators to assess the sustainable develop-
ment level of communities (Zhou et al. 2011).

Building projects have a great impact on stakeholder values such as economy,
safety, sustainability, urban aesthetics, etc. However, there is neither a formal
model for assessing values (what is of worth, merit, utility, or importance to
project stakeholders) nor an automated system for measuring how values are
impacted by our planning and design decisions. As such, there is a need for a
semantic model for values and value measurement. This entails: (1) discovering
the values that are significantly impacted by building projects, (2) identifying
how to measure the value of buildings to its stakeholders based on those values,
(3) integrating such value data with the Building Information Model (BIM) so
it becomes part of a dynamic building data/information model throughout the
building’s life cycle. Jahani and El-Gohary (2012) discusses value discovery and
provides a brief overview of a proposed formal, axiological value assessment
model and its integration with BIM (Jahani, EI-Gohary 2012).

Establishment of rational stakeholders is one of the more important assign-
ments regarding upgrading quality in a built environment’s process of life cycle.
Every interest group understands the degree of quality of any project as the rela-
tionship between the degree of its own contribution and the goals achieved due
to it (amount of a received salary, risk and the like). In other words, a project’s
increased effectiveness due to the efforts of each interest group must be directly
proportional to the achievement of their own goals and needs satisfaction. The
understanding that generally predominates is like that, as stakeholders consider
their “slice of pie” (final benefit of a joint project, compensation for a job done)
to be a set size.

Stakeholders attempt to increase a project’s effectiveness, wanting to increase
the size of their “slice of pie”. Thereby the slicing of the “pie” (including its in-
crease) can be considered a positive problem. It means, this is a way to generate
a more effective system for organizing stakeholders.

Everyone who is related to the project, i.e., everyone who makes a contribu-
tion and receives a benefit is interested. The efforts and the received “pie” can
be either tangible or intangible. An interest group can be described from differ-
ent perspectives:

« Temporary (design and construction process) or permanent (exploitation

process).

+ Main sphere of an interest group’s activities.

+ Suitable time when an interest group must enter into an ongoing process.

+ The contribution and received “pie” of an interest group is monetary (yes/no).

+ Degree of influence stakeholders have on a project.

» Dependency of stakeholders on a project (Zavadskas et al. 1992).
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Stakeholders are rarely established at once while a project is being compiled.
It is additionally characteristic for them to join a project during its implementa-
tion process. Despite this, it is very important to establish the stakeholders that
greatly influence a project or greatly depend on it as soon as possible.

“Brain storming” (a specific means of problem solving, where everyone par-
ticipates in a free-for-all discussion) is a suitable method to foresee and select
rational stakeholders. One means to apply this method is “snow cards”, which
is a small card for a person under questioning to write down only one interest
group and the reasons why, in that person’s opinion, this is a rational inter-
est group. The person under questioning can fill out as many cards as he/she
deems necessary. The “snow card” method can be applied at large meetings
(with hundreds of participants), where groups consisting of 3—-6 people work
together filling out these cards. Afterward, project management can process,
distribute and select rational stakeholders according to the functions they per-
form by utilizing a criteria system of their meanings and significances (Zavad-
skas et al. 1992).

Next, an example is briefly provided regarding the establishment of stake-
holders. A bridge must be constructed to cross the river. It is easy to establish
that the stakeholders are the owner, consumers, project designer, contractors,
neighbors and those who sail under the bridge. So, what about the fish swim-
ming in that water? It could be their spawning zone. Construction materials
(sand and stones) are in a different place, where other fish spawn or where
the best fishing areas are found. How can an interest group be established in
an early stage of the project, while it is still possible to control and correct this
process (Zavadskas et al. 1992)?

There are quite a few areas requiring coordination of interest group interests:

+ Selection of a construction site.

+ Organizational and pubic interests.

+ The construction lot environment (before and after construction,

internal and external).

+ Aesthetics.

« Functionality.

+ Longevity.

* Reliability.

» Risk (technical/financial/political).

+ Applicability.

+ Duration of construction.

+ Construction methods.

* Project price.

« Exploitation expenses and the like.
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Each one of the mentioned project areas can be deliberated by various as-
pects, e.g., selection of the construction site determines numerous factors (Za-
vadskas et al. 1992):

* Price of a lot.

« The boundaries of the “geographical” market of the owner’s company.

+ Financing possibilities.

» Economic, political and other conditions for organizational activities.

« Amount of designated taxes.

+ Living expenses.

+ School, health protection, social and other administrative offices.

+ Ability to shop.

+ Conditions for spending free time.

» Workplaces of suppliers.

+ Energy supply.

+ Other types of supplies.

« Postal, telegraph, port, railroad, roads, airport.

+ Life cycle (distance to them).

« Suitability of a construction site for construction.

+ Price of the labor force.

+ Means for digging a foundation pit and so forth.

Whether life cycle assessment (LCA) is applied to individual buildings or the
entire built environment, the knowledge gained cannot easily be used without
significant changes to the traditional planning and design process. In simple
terms, what is required is an integrated design process (IDP) that reflects the
trans-disciplinary nature of the built environment and encourages functional
integration of long-term environmental performance with the many other sus-
tainable development objectives. IDP involves creating a design or planning
team with a wider range of technical experts, local stakeholders and partners
than is normal - including individuals with knowledge of and responsibility for
operations, maintenance, refurbishment and community relations. A facilitator
may be needed to ensure successful communications, and to help experts and
stakeholders negotiate the inevitable trade-offs (Kohler, Moffatt 2003).

The needs of stakeholders expand and change over the long term, and new
stakeholders join as a project is being implemented. A project that is large and
complicated and has many stakeholders participating becomes difficult or impos-
sible to handle without the assistance of computers and different methods to op-
eratively and rationally formulate, coordinate and manage its own requirements.

1.5.2. Analysis of stakeholders

One of the major assignments when aiming for effective design planning and
implementation of a project involves having an alternative design and quality
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analysis over the entire process of the project’s life cycle, when an objective is
to satisfy maximally all the goals of stakeholders participating over the entire
process.

The previously described process of the life cycle of a project cannot be
implemented effectively without the maximal satisfaction of all the goals of all
stakeholders (clients, buyers, construction and design organizations, suppliers,
lawmakers, governmental bodies, consumers and others). A brief discussion on
certain stakeholders follows.

The concept of a buyer encompasses all persons or companies, both external
and internal, using the production of the organizations under discussion. “Exter-
nal buyers” (client, owner, media, local residents, local government and such) do
not belong to an organization under discussion but they are associated with its
production in one way or another. All these “external buyers” want something
specific from the organization under discussion: the client wants good quality,
low-priced production; the owner — income, stability; the media — advertising
orders, valuable information or news, local residents — jobs and taxes and the
local government — upholding the laws. Analogically the organization under
discussion is also attempting to get something from the “external buyers”: from
the client — income and respect, from the owner — broad-based support, from
the media — a good reputation and advertising dissemination, from local resi-
dents — employees and from the local government — protection, peace and quiet,
legal guarantees and various services. The concept, “average buyers”, denotes
persons or companies that are part of the organization under discussion. There
are numerous “average buyers” (suppliers) in a large organization. Here a spiral
takes shape, where some subsidiaries are the “average buyers” of different sub-
sidiaries of the same organization.

Construction organizations implement a project for all practical purposes by
using different materials, equipment, energy, financial resources, labor force and
the like. A good deal of responsibility of assuring an effective construction pro-
cess falls on suppliers. The dependency between a construction organization and
suppliers is one of the most obvious examples of how an environment directly
impacts an organization. Gaining construction resources from other parties can
be beneficial to a construction organization and future consumers from the per-
spective of prices, quality or quantity. However, the State may not be interested
in such supply, since it may cause an increase in the number of unemployed and
currency fluctuations, which could cause political instability. At times all the
construction organizations in a region negotiate with one or practically with one
supplier and all depend on that one supplier equally. For example, all organiza-
tions receive electricity at a price set by the State, and an alternative supplier
rarely appears, even if an organization believes that the price of electricity in
this case is too high. Therefore, in certain cases, the effectiveness level of an
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organization (e.g., when selling production in a foreign market) could depend
on the overly centralized pricing policies of the State.

The outlook of a State on some specific activity (by various laws and resolu-
tions, the work of governmental institutions and the like) also greatly impacts
the operations of organizations. The mutual contact between a client and con-
tractor winds up in the regulatory sphere of legal relationships in many cases.
Every construction organization has a certain legal status, which establishes the
kinds of activities in which an organization engages and its taxes. However,
some laws are very complicated and not particularly expedient.

The most important goal of every organization is to satisfy consumer needs
maximally and, by that, to implement its own objectives. To put it another way,
the capability of an organization to survive and develop effectively depends on
its ability to find a consumer within the sphere of its own interests and abilities
who satisfies its demands maximally. Consumers determine the most effective
direction for development among competing organizations in consideration of
the results of their activities as they decide the kinds of goods and services they
need according to a desirable price. In this instance, consumer needs are be-
ing satisfied and this has a determining influence on the relationships between
contractors, suppliers and other stakeholders. It is expedient for an organization
to orient its production to the large-scale consumer groups, and it primarily
depends on these groups.

Competitors constitute an extremely important external factor. They greatly
influence one another. The management of every company understands that, if
the consumer demands are not met as effectively as competitors do, the com-
pany will not survive for long. Many times it is not the consumers who establish
what production can be sold at what price but specifically the level of compe-
tition that does this. Consumers are not the only targets of an organization’s
competition. A competitive battle can break out over work resources, materials,
capital and the right to exploit innovations. Most internal factors of an organi-
zation also depend on the level of competition: work conditions, salaries, the
relationship between a boss and subordinate and other matters.

Certain stakeholders, such as project design and construction organizations and
suppliers, are selected on the basis of competitive bids. The hiring person leads
the negotiations with them. The stakeholders must identify the areas where their
goals are suitable or unsuitable during the negotiations. Afterwards the reason for
any mismatch of interests must be discovered. Disagreements that arise are usu-
ally resolved in three ways: 1) dominating; 2) compromising; 3) constructively.

1.5.3. A multicriteria analysis of interest group goals and strategies

The previous discussion was about the effectiveness of the process of the life cy-
cle of the built environment and how it depends on various decisions, processes
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and stakeholders. A multicriteria analysis of all operable factors endeavoring to
achieve the best, comprehensive result is necessary when aiming to better design
and implement the life cycle process of a built environment. Performance of a
multicriteria analysis of alternatives under discussion permits establishing the
rational goals and effective strategies of stakeholders. These issues are further
discussed as organizational examples. The principles that are laid out are also
partly applicable for other stakeholders, as well.

Every organization (design, construction, suppliers and such), the same as
every one of its employees, is seeking numerous, economic, social, moral, legal
and other kinds of goals at the same time.). Some are easier to achieve than
others are and, besides that, they are not all equally important. Thus, even if
stakeholders do not achieve all the goals they might desire, they can still be
satisfied having their most important goals satisfied. In such a case, it is high-
ly beneficial to apply the interdependent principle of substitutability and total
needs satisfaction.

It is very difficult to formulate the goals an organization is seeking to achieve,
because nearly every one of its employees has his/her own opinion. This process
can be accomplished more objectively by applying experimental and multicri-
teria evaluation methods. Organizational goals can only be implemented effec-
tively, if they are correctly, unambiguously and clearly formulated. Meanwhile
the employees must be informed about the goals, thereby raising their interest in
them. The rationality level of company goals depend on how much they, along
with the means for their implementation, correspond with the surrounding en-
vironment, as well as the desire of the stakeholders to participate in the process.

The effort to increase organizational effectiveness must include improvements
in the mental systems of the employees. It is also possible to learn from past
mistakes. Experience provides and organization with an opportunity to correctly
adjust the direction of its activities, work more professionally and forecast the
future effectively. The surrounding environment and the dynamic nature of the
organization must be considered when selecting the different elements of a com-
pany’s activities, as well as the company as a comprehensive entity, for analysis.
This makes the analysis of this complex process much more difficult.

The general goals of a company are formulated and, step by step, they
become entrenched based on the foundation of the organization’s value orien-
tations. The pursued goals must be described on the basis of numerous quan-
titative and qualitative characteristics. Descriptions of some of them appear
below.

Above all else, goals must be specific. They should be expressed in numbers.
One of the most important goals for some organizations is the satisfaction of
their employee needs. Goals might be expressed as, for example, increase em-
ployee on-the-job satisfaction by 10 percent in a year, promote 15 percent of
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the employees on a career track and decrease employee turnover by 10 percent.
Such specific numbers illustrate rather accurately what awaits employees in the
future. The organization generates a terrific foundation of mutual interested-
ness and accountability by expressing its rules with specific indicators. In this
sort of case, middle management gains a decent orientation on different issues
requiring resolution (including upcoming concentrations required for employee
education and training, or where, and other issues). Additionally it will be easier
to determine, to what degree the organization has implemented its goals and,
consequently, how much the company’s effectiveness increases. A company’s
executive policies can change, once the final results become known.

It is necessary to define exactly, what the organization wants to implement,
along with exactly, when it must be begun, when it should be achieved and
what its intermediate and final results should be. Goals are usually defined
in the short term and in the long term. The long term time for planning is
approximately five years, sometimes more. Short term goals usually have to
be implemented within a year. The average goal planning time lasts from one
to five years. Long term goals tend to be quite abstract. An organization for-
mulates these first. The average term and short term goals are defined next.
Generally the sooner is the time of implementation, the more specific the goal
is. For example, long term goals can be formulated such as, “Increase overall
work capacity by 25 percent over the next 5 years.” Then, accordingly, an or-
ganization can establish that work capacity must increase by 10 percent over
the first two years. Furthermore short term goals are defined for specific areas,
such as the price of material resources, upgrading employee qualifications,
company modernization, more effective utilization of manufacturing resources
and such. This group of goals is meant to help implement the long term goals,
which are directly related to the group, as well as other organizational goals
of construction. Essentially all the goals orient to increasing organizational
effectiveness.

The pursuit of unrealistic goals can cause undesirable consequences. Such
goals might include an effort to implement a project that either is greater than
the capabilities of the organization or the surrounding environment does not
form the conditions for it (due to imperfect laws, overly powerful competitors,
poor demand to supply ratio for the offered production and such). Addition-
ally an organization’s level of goal achievement destines its employee inter-
relationships, because the future goals of the employees often closely relate to
the organization’s goals. When goals of an organization remain unachieved,
certain employee goals remain correspondingly unachieved. Thereby the future
perspectives of the employees shrink, and work motivation. A person tries to
shoot as many rabbits as possible with one shot in everyday life. For example,
it is a pleasure to comprehensively relate to receiving a good salary, holding
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an interesting and creative job and being promoted on-the-job. Unachieved em-
ployee goals can actually harm an organization. An organization’s level of com-
petitiveness can decrease, as employee motivation weakens.

1.6. Compiling a criteria system to comprehensively describe
the life cycle of the built environment

The thoughts of other authors served as basis for compiling a criteria system
describing the life cycle of the built environment. This relates to the consider-
able subjectivity, in a certain sense, of a criteria system that would actually
define the goals of interest groups. Therefore the ideas of experts in this field
based the compilation of a criteria system to define built environment aiming
to increase the objectivity level of this analysis. The criteria system or its sub-
systems describing the life cycle of the built environment has been published
in publications.

For example, the criteria system can be conditionally subdivided into five
Level 1 subsystems:

1. Criteria subsystem describing the impact of macro-level factors on built

environment effectiveness.

2. Criteria subsystem describing the impact of meso-level factors on built

environment effectiveness.

3. Criteria subsystem describing the impact of micro-level factors on built

environment effectiveness.

4. Criteria subsystem describing the impact of interest groups on built

environment effectiveness.

5. Criteria subsystem describing the impact of different building life cycle

process stages on built environment effectiveness.

Each one of these Level 1 criteria subsystems based on the principle of a tree
diagram can be discussed in much greater detail. To illustrate, the life cycle of
the built environment described according to an example of the i level criteria
subsystem could be a construction resources supply criteria subsystem.

For the sake of clarity, the impact of the micro-, meso- and macro-level fac-
tors that describe the Level 1 criteria subsystem on built environment effective-
ness will be briefly discussed next along with the i level criteria subsystem
describing the supply of resources for construction.

1.6.1. Level 1 criteria subsystems

This subsection contains a brief discussion of Level 1 criteria subsystems, which
describe the impact of the micro-, meso- and macro-level factors on built envi-
ronment effectiveness.
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The macro-level is the highest level on which the effectiveness of the built
environment depends. The following macro-level factors impact the effectiveness
of the built environment:

« The level of a country’s economic, political, legal and institutional and

cultural development.

+ Social, ethnic and religious environment.

+ Technological and technical level.

+ Government’s policies including regional support programs, regulation of
competitiveness, governmental orders, grants, subsidies, social policies and
taxation system.

+ Legal documents and standards relevant to the built environment.

* Interest rates.

+ Inflation.

+ The market.

+ Insurance systems.

+ Fluctuations of currency rates.

+ Customs duties.

« Unemployment level.

+ Labor force qualifications.

+ Level of work compensations.

+ Labor laws.

+ Environmental protection.

+ Customs and traditions.

« Life cycle of local resources and so forth.

A complex analysis of a built environment on the macro-level scope (city,
country) is recommended basing it of the following system of criteria (Masure
2003; Raipa 2007; Sinkiené 2008; McAvoy 2002; Cheshire, Hay 1989; Webster,
Muller 2000):

« Political, legal and institutional factors such as work cooperation between
municipalities, effectiveness of city administration, the image of a city,
the programs of different political parties, the governmental position with
respect to certain areas of city operations (taxes, means for regulating
the labor market and the like), effectiveness of the legal base of a built
environment and the application of electronic democracy and electronic
municipal governing. National and EU policies also require analysis,
because it is essential for city heads and interest groups to understand the
intentions of national governance (along with supranational governance,
such as the European Commission) in the context of city evolvement and
the means the government uses to implement its policies. Legal factors
are distinguished on the basis of an analysis of the laws and standardized
acts. These assist in establishing the limits of allowable operations and
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applicable methods to represent the interests of one’s own city at different
levels. Political factors are notable for their dynamism, whereas the legal
ones, by stability, and these assure the continuity of the main rules for city
development independently of changes in the dominating political forces
occurring in the city.

« Analysis of economic factors in the external environment that include
international competitiveness for capital, labor force, institutions, arranged
events and the like; unemployment levels, growth in the number of jobs
and attracted investments; the business environment; productiveness of
companies; capability of exploiting macro-level conditions better than the
capabilities of other cities with similar natural, human, technological and
other resources; governmental policies (taxes and their benefits, grants,
subsidies), interest rates, inflation, currency exchange rates and documents
regulating a built environment; national tax policies; tariffs and macro-
economic and industrial initiatives; structure of the country’s economic
operations; level of innovations and application of electronic business.
These factors assist in understanding the macro-economic indicators of the
country or the broader region, growth trends of the external economy, fiscal
and monetary policies and the specifics of corporate management as well
as in evaluating the existing conditions of transportation, communications
and other parts of the infrastructure with possible changes in the near
future.

* Analysis of social, cultural, ethnic and religious factors that include memberships
in networks, quality and knowledge of human resources, changes with
respect to the rational expectations of the public regarding the city and
the services it provides, rational city development that does not cause huge
conflicts between interest groups for resources (land, money and others),
political influence, development of human resources, educational level of
the work force, capabilities and generation of innovations by joint work
and expansion of networks, demographic changes in the country and region,
the dominant family and community relationships, the situation in the area
of equal opportunity and discrimination, features of the society’s life style
and their changes along with aspects of health and education, work and
income and the criminological situation. An analysis of cultural factors
concentrates on changes in the mobility of the country’s or region’s residents,
the outlook on the major issues regarding city operations and development
(forthrightness, insularity, rationality, cosmopolitism and the like).

* Analysis of technological and technical factors permits a timely determination
of the operations opportunities and threats for that city, which outcrop due
to new technologies and the conditional methods for their operations. They
also condition the formation of rules regarding the directions of strategic
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technological breakthroughs for a certain city or the social and economic
backwardness of a city due to a technological lag. In the case of a city analysis,
it is also appropriate to analyze the development of informational and
communications technologies operating beyond city borders, consolidation
of new industrial branches, advancement in manufacturing technologies,
the international and national policies for technological development and
the like.

* Review of the state and tendencies of natural and ecological environments and
structures as well as their possible consequences. Essential analyses involve
indicators of the broader region (country, continent, world) for air quality,
emissions, water quality of drinking water and open reservoirs, refuse
handling, the condition of living nature, risk of natural disasters, physical
expansion of city boundaries as well as the goals and means of national and
international policies for regulating these areas.

The impact of the aforementioned macro-level factors on the effectiveness of

the built environment must be expressed by the Level 2 and other level criteria
subsystems that thoroughly describe such factors to achieve a comprehensive
evaluation of them. The market is used as an example to illustrate this.

Market research is one of the most important issues that organizations must

resolve, because their level of effectiveness depends on it. Numerous criteria can
provide the basis for evaluating the market:

* Demand level (more information about this indicator can be gained by
answering questions such as what kinds of users and why, how much, when
and how they purchase the production offered by the organization under
discussion and other similar sorts of production).

« Supply level (more information about this indicator can be gained by
the availability of data about direct and indirect competitors and their
strategies).

* Price levels of the production manufactured by the organization under
discussion and its competitors.

« Market size (what share of the market belongs to the organization under
discussion).

+ Trends in market changes (What are the growth opportunities? How will
the market share of the organization under discussion change, if the market
should expand?).

 The strengths and weaknesses of the organization under discussion and its
competitors.

+ Analysis of the production buyers by their different personalities (age, sex,
nationality or ethnicity, favored pursuits, education, life style, social status,
standard of living, profession, marital status and the like).
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+ Production buyers (of various organizations) analysis (involving the buyer’s
sphere of activity, job, structure, production sales level, distribution
channels, number of employees).

* The individual who makes the final decision regarding purchases of the
production.

« Opportunities for disseminating information and advertising about the
manufactured production.

These criteria describing the market can be analyzed in even greater detail.
Here the supply and demand of construction production will serve as an example.
Demand for construction production depends on the following factors:

* Prices.

* Interest rates.

« Prices of other products/services.

» Income.

» Population numbers.

* Interests.

« Governmental policies.

« Future perspectives.

Prices change, whenever the aforementioned factors of demand change.

The supply of production from the construction sector depends on numerous
factors:

+ Expenses (construction costs).

« Technology improvements causing lower production prices and higher

quality.

« Interrelated product prices that can replace or supplement each other while
under production (for example, cheaper window alternatives lower the
price of a building’s revitalization).

+ Other factors on which supply and demand depend: political shakeups,
wars, strikes, policies on interest rates and such.

Criteria subsystems can be compiled analogically to the aforementioned mac-
ro-level factors describing them to achieve comprehensive definitions of those
factors.

Factors, which impact the effectiveness of the built environment, also can be
categorized at the micro and meso-level. These factors depend on the macro-level
factors (various laws regulating construction sector operations, normative docu-
ments and the like). For example, it might be noted that, if the tax level becomes
sufficiently high, then national companies could bankrupt due to the huge tax
load or their effectiveness could drop (the number of international companies
that want to enter the local market and competition will drop as taxes increase).
Contrariwise, as taxes decrease, the international companies entering the local
market can either push national companies out of their respective market share,
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or the national companies that face such competition will be forced to increase
their effectiveness. Various areas could feel the consequences from such a pro-
cess, including the unemployment rate, changed level of tax collection and such).

The effectiveness of the micro- (house, project) and meso-levels (region, or-

ganization) of a built environment can be evaluated according to the following
system of criteria (Jacobs 1970, 2000; Castells 1989; Storper 1997; Sinkiené
2008; Hall 1998; Storper, Scott 2003; Petrakos, Economou 2000; Florida 2002):

* Physical factors referencing the supply and demand of land and facilities,
prices of land and facilities, selection of an area of operations, quality
of the residential environment including its pollution (hard particles,
noise and so forth), infrastructure of the construction site, quality of life,
geographical situation of the city and its accessibility, resources of the city’s
natural environment, territorial assets, advantages of the physical location,
the dwelling and its location and image, size of the city or its status as
capital and the city’s geographical situation: Is it centrally located or in the
peripheries of a country? In reference to the city’s geographical situation in
Europe - is it northerly, southerly or otherwise?

« Human resources referencing effective interest groups (residents, media,
clients, consumers, project designers, construction materials manufacturers,
suppliers, contractors, building utilization organizations) and an active
and conscientious local community that is integrated, not splintered
by social conflicts; a city like the locales distinguished for the greatest
competitiveness, where companies and people want to invest and to reside;
strong personal contacts of the leaders and direct contacts; a capability for
attracting good employees; the qualification levels of the work force along
with its innovativeness and exceptional knowledge and abilities; application
of advanced techniques and technology and organizational management;
opportunities for life-long learning and studying; the demographic situation
along with the national and religious composition of the residents as well
as the creativity, talent, tolerance, culture, traditions and the like of the
residents.

* National and EU institutions, societies and social and political organizations
referencing effective public organizations, political parties, financial
institutions, municipalities and State; the numbers of national and EU
institutions and the effectiveness of their operations; joint work between
cities; development of public, social and strategic networks; public and
private partnerships; the vision and strategy for development of the area
and so forth.

+ Economic factors referencing application of advanced economic propagation
methods, services provided by the city, ability to exploit the micro- and
meso-level conditions better than other municipalities or regions can,
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structure of the economy, operations generating high added value, local
tax system, city’s levels of economic compensations, accessibility of capital
in the city, the city’s institutions for education and research and for
experimental development, the city’s industrial clusters and the like.

Different micro and meso-level factors affect project effectiveness:

« Prices of land lots and buildings.

« Infrastructure of the construction site.

+ Informational systems for construction.

+ Organizational mergers in the construction sector.

+ Selection of the type of operations.

* Project planning integrated with the life cycle process of a built environment.

« Effectiveness increases in process of supplying construction materials and

products by using Internet.

« Lifelong learning.

+ Financing for organizations.

 Type of contract.

+ Goal determination process.

+ Project planning process.

« Construction process.

 Exploitation process.

« Facilities management and so forth.

The impact of the aforementioned micro and meso-level factors on built en-
vironment and construction effectiveness is next illustrated in brief by the exam-
ples of indicators for evaluating sustainable communities, technologies, selecting
the type of commercial credit and contract.

First, concepts, contents and research history of sustainable communities
were summarized, and current evaluating indicator systems such as Leadership
in Energy and Environmental Design (LEED), Building Research Establishment
Environmental Assessment Method (BREEAM), Comprehensive Assessment Sys-
tem for Building Environment Efficiency (CASBEE), China Evaluating Standard
for Green buildings (ESGB), China Evaluating Indicators & Evaluating Standards
for Green Communities (EIASGC) and other relative literatures of sustainable
community indicators were reviewed by Zhou et al. (2011). The main findings
were: (1) different evaluating systems of sustainable communities focused on dif-
ferent stakeholders, such as planner, real estate developer, governor, inhabitants,
and manager of department of property; (2) methods such as theory analysis,
frequency statistics, experts consultation and public participation could be ap-
plied in the processes of establishment indicator framework and selection of
indicators; (3) sixty-nine indicators were found from twenty relative literatures,
and the cited frequency of each indicator was counted; among these sixty-nine
indicators, twelve indicators cited frequency were more than 50%, while five
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indicators cited frequency were less than 5%; (4) weights, standard values and
results express methods were important parts of evaluating indicator systems,
both average weight and weight determined by method of analytic hierarchy
process (AHP) were applied in current evaluating systems. CASBEE proposed
another useful way of expression the evaluating results; the ratio of building
quality (Q) and environmental load reduction (LR) were adopted to express the
concept of efficiency. The review also found some deficiencies in the current
researches. Firstly, most of the researches focused on the community themselves
and neglected the materials and energy interaction between the community and
the natural environment. Secondly, dynamic developing progress of constructing
sustainable communities was not paid enough attention in reviewed literatures,
which was important for evaluating the built urban communities. Thirdly, de-
signing process of indicator system lacks of public participation. Inhabitants
were the most important stakeholders of constructing sustainable communities,
thus their requirements should be considered at the starting point. Lastly, there
were still arguments on the indicators weight and the standard values because
the basic natural economic and social conditions are different among commu-
nities. In response, some new areas should be rising in the field of sustainable
community research: (1) complexity theory and distributing intelligence should
be introduced to analyze the demands of different stakeholders and dynamic
developing progresses; (2) life cycle analysis and ecological footprint analysis
could be applied to analyze the dynamic interaction between community and the
outside environment; (3) the executive methods to integrate consulting experts
knowledge and the demands of communities inhabitants in the process of design-
ing the evaluating indicator systems should be developed. However, an objective
and systematic evaluating indicator system framework with public participation
were needed for sustainable communities (Zhou et al. 2011).

Technologies, such as Building Information Modeling (BIM) and Cloud Com-
puting are disruptive technologies converging to significantly change tradi-
tional construction and facility management practices. The two technologies
also embed associated business process rules and components that will enable
enhanced life-cycle management of the built environment alignment of struc-
tures with organizational mission, and better consideration of general commu-
nity impacts. Leading organizations are investing in the formalized definition
and creation of robust business process frameworks, cultures, workflows and
capabilities to support collaboration, continuous improvement and lean prac-
tices needed to achieve higher productivity within the architecture, engineer-
ing, construction, owner and operator (AECOO) sector. BIM and Cloud provide
the digital foundation to support the cost effective, scalable development and
deployment of adaptive and efficient facility life-cycle management practices
(Cholakis 2012).
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Companies use commercial credit that will enable them to receive needed
resources or services at once while postponing payments to a later date (usu-
ally for two to three months). Companies try to use more commercial credit as
interest rates rise conditionally. Thus money is saved by not paying interest.
However, suppliers can provide long-term credits, when the time period between
the purchasing resources and selling the final production is quite lengthy (as is
often the case in construction). The suppliers who provide commercial credits
often offer discounts encouraging early repayments. Nonetheless, an assessment
of all the expenses and discounts relevant to the commercial credit could lead
to conclude that short-term financing is not cheap and that it is better to use
alternative financing sources. Despite this, many small construction firms have
a difficult time finding better alternative sources of short-term financing. Thus
commercial credit remains one of the most important sources of financing for
them. The construction industry makes broad use of commercial credits between
suppliers and subcontractors, between subcontractors and contractors and be-
tween contractors and a client.

Numerous factors, which impact a project’s effectiveness, determine how a
type of contract will be selected:

+ Overall policy of the owner on contracts.

 Qualification level of the local construction personnel.

+ Time needed for project planning and construction.

« Owner’s desire to control certain parts of the project.

« Importance of price to the owner.

+ Degree of risk involved in drawing the contract.

« Exiting number of contractors and their suitability.

+ Climate at the construction site.

+ Level of trust of the contractor.

« Experience of the contractor.

« Pre-contractual period (long or short).

+ Consultants (selection by the contractor or by the client).

+ Subcontractors (local or assigned).

+ Assessment of changes (expensive, cheap or the same price).

The effectiveness of every micro and meso-level factor can be assessed by
basing it on the adequately described Level 2 or lower criteria subsystems.

1.6.2. The i-th level criteria subsystems and a compilation fragment of
their descriptive, conceptual information

This subsection discusses in brief the i-th level criteria subsystem describing the
supply of resources for construction.

A company must consider how to organize its operations effectively after
it has selected a specific market and nomenclature of offered production. This
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depends on the decisions made regarding construction materials and goods,
personnel and construction machinery. A company’s level of competitiveness
depends on the decisions made in these regards. These issues will be next ana-
lyzed briefly.

The effectiveness of construction machinery can be evaluated on the basis of
the following n-th level criteria subsystem:

* Price.

+ Exploitation expenses.

 Repair (ongoing and capital) expenses.

« Productivity.

» Number of performed operations.

+ Reliability.

+ Comfortableness.

+ Physical and moral longevity.

» Weight.

Making huge investments into construction machinery is risky, because losses
can be suffered when work capacity lessens. Profits could be down to a mini-
mum, if the need for construction machinery and its manner of acquisition
(rental, buyout lease or purchase) turn out to be wrong.

The larger companies and those that make greater profits can get a bank
loan to purchase their construction machinery, which is more advantageous
than renting or leasing with a buyout clause. Even though considerable money
is invested for purchasing construction machinery, the buyout period is just a
few years. Such an investment is unjustified, if the construction machinery will
be used insufficiently intensely. Owners of construction machinery in Western
Europe gain many benefits by purchasing, like tax advantages, which they do
not receive by renting construction machinery or leasing it with a buyout op-
tion. Additionally, once the value of the construction machinery reaches zero
due to amortization deductions, the machinery will still have scrap value or it
can be resold.

The rationality of renting, leasing and purchasing construction machinery can
be evaluated on the basis of the following indicator subsystem:

« Price of renting, leasing or purchasing construction machinery.

 Duration of time the construction machinery is to be used and intensity of

its use.

+ Physical and moral durability of the construction machinery.

« Financial situation of the organization.

+ Tax advantages.

+ Inflation level.

The effectiveness of construction materials and goods can be evaluated on
the basis of the following n-th level criteria subsystem:
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* Price.

+ Technical characteristics.

+ Physical and moral longevity.

+ Heat conductivity.

 Sound conductivity.

+ Harmfulness to health.

+ Assessment of the aesthetic view (assuming the construction materials and

goods will be seen in the building to be constructed).

+ Weight.

The prices of construction materials and goods constitute a good portion of
the price of the building. Therefore all constructions that are trying to increase
their profits also try to minimize the prices they pay for construction materials
and goods while assuring the necessary level of quality at the same time. The
larger construction organizations that seek to minimize the prices they pay for
construction materials and goods usually hire experts on a full-time basis. Such
experts analyze all the alternative sources for supplying construction materials
and goods and their conditions for acquisition and then they select the most
effective alternatives. The supply of construction materials and goods involves
attempting to deliver the required amount and nomenclature of resources at the
desired level of quality at the right time to the right place. Contractors generally
request delivery of the needed amount of resources at the time they are needed
in construction (avoiding shortages on one end and surpluses on the other). Con-
struction materials and goods that are delivered before they are needed must be
safeguarded from spoilage and thefts. Warehousing requires a special place and
increased expenses for storage and insurance, so turnover capital is frozen. If
resources are delivered too late, the construction may be stalled (laborers have
no work to do) and its completion time, causing all the related consequences
(paying fines to the client and greater interest fees to the bank on borrowed
capital). Sometimes the delivered resources could be defective or at the wrong
nomenclature and quantity. That is why construction materials and goods must
be delivered to the construction site somewhat in advance of the work.

The prices of construction materials and goods depend on quality. Contrac-
tors often try to use cheaper materials during the construction, and the quality
of the project suffers as a result. However, there is a sufficiently large choice of
resources at the same level of quality. Additionally, over time, many alternative
construction materials and goods are developed that have the same features as
the traditional ones albeit at a lower per unit price.

Most large-scale contractors try to acquire construction materials and goods
directly from their manufacturers: they get a lower per unit price when purchas-
ing large quantities at a time. The prices for construction materials and goods
can fluctuate depending on various offered discounts (for stability of purchases,
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timely payments and other conditions). Other conditions relevant to deliveries
of construction materials and goods also interest buyers, such as credit avail-
abilities (maximally saving turnover capital), reliability (upholding contractual
terms defined in a contract maximally accurately), on-time deliveries, competi-
tiveness of the supplied resources, quality of the delivered materials, good ser-
vice, a level of joint work and mutual trust that would result in needed changes
in the supply process whenever changes appear in the project and other similar
circumstances. Sometimes clients are prepared to pay a slightly higher price for
the same construction materials and goods, so long as the supplier satisfies the
named conditions.

Supplier selection can be made on the basis of the following n-th level criteria
subsystem:

« Price and quality of the supplied materials and goods (considering technical
characteristics, physical and moral durability, heat and sound conductivity
and harmfulness to health).

+ Guality of supplied materials and goods (considering technical characteristics,
physical and moral durability, heat and sound conductivity and harmfulness
to health).

+ Provided discounts.

+ Reliability.

« Repayment and payment procedures.

+ Credit opportunities.

* On-time deliveries.

+ Good service.

The goals employees and employers have do not always coincide. Employees
want as high a salary as possible, whereas employers are trying to save that
money to increase the competitiveness and profits of the organization. Nonethe-
less, there are quite a few interests in common as well. Construction is becom-
ing more and more mechanized and technically complicated, demanding more
highly qualified personnel. Thus organizations find themselves needing to hire
more qualified and trustworthy employees who are versed in the latest technolo-
gies and able to work effectively with the most modern equipment. Employee
compensations and opportunity for a stable job highly depend on the effective-
ness of an organization’s operations. Therefore most employees are interested in
working constructive with their employers.

Insufficiently qualified personnel can negatively affect the effectiveness of
the construction process. Money is spent for staff training, and employees must
designate their spare time to it. However, once employees advance, they will
work more effectively and earn more themselves. Meanwhile the organization
will be earning more and more profits. A lack of mastery increases the prices of
performed jobs and the difficulties of introducing new technologies. It lowers
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the quality of the construction. Firms encourage their employees to improve
their mastery by offering them higher salaries. However, the increased salaries
raise prices leading to a drop in demand for the work the organization performs.
Meanwhile the supply of a qualified labor force increases as compensations in-
crease. Conversely, lowering salaries will cause the best employees to leave the
company, and the competitiveness of the company drops. Therefore the hiring
of personnel with differing levels of qualification along with opportunities for
advancing qualifications need to be considered.

1.6.3. Compiling a criteria system to comprehensively describe the life
cycle of the built environment at level 1 and 2

Porkka et al. (2010) propose a criteria system to comprehensively describe the
life cycle of the built environment at level 1 and 2:
1. Cost, price and life cycle economy
1.1. Capital, investment, construction, commissioning and decommis-
sioning cost
1.1.1. Site costs
1.1.2. Programming and planning costs
1.1.3. Design and engineering costs
1.1.4. Construction of ground and plot
1.1.5. Construction of building
1.1.6. Administration costs and commissioning fees
1.1.7. Decommissioning cost
1.2. Building services related to operation, maintenance and
development
1.2.1. Administration
1.2.2. Operation
1.2.3. Maintenance and repair
1.2.4. Development
1.2.5. Consumption
1.2.6. Cleaning
1.3. Business services related the activities in the building
(not building related)
1.3.1. Security and safety
1.3.2. Reception and switchboard
1.3.3. Mail
1.3.4. IT service
1.3.5. Moving
1.3.6. Catering
1.3.7. Accessories and copying
1.3.8. Administrative support
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1.3.9. Furniture and inventories

2. Location, site. plot, region and country

2.1.

2.2

2.3.

2.4.

2.5.

3.2

Location and address

2.1.1. Country and region

2.1.2. Address, postal code and city

2.1.3. Land, villages, town, city or city centre
Plot opportunities

2.2.1. Size of the plot

2.2.2. Site characteristic (e.g. bearing capacity, topography, sea
level)

2.2.3. Outdoor environment and climate
2.2.4. Diversity of activities and mixed use in blocks
2.2.5. Building efficiency and density

Spatial solution and property aesthetics

2.3.1. Adaptability and compliance with needs
2.3.2. Spatial quality of the outdoor spaces
Surrounding services

2.4.1. Distance to growing neighbourhood
2.4.2. Distance to public transport

2.4.3. Pedestrian and bicycle access

2.4.4. Access to services

2.4.5. Access to green and open spaces

Social value

2.5.1. Cultural heritage

2.5.2. Community acceptance

2.5.3. Social cohesion

. Building performance and indoor environment
3.1.

Category of building, quantity, size and areas
3.1.1. Application and function of building
3.1.2. Shape and volume of building

3.1.3. Number of storeys

3.1.4. Build-up area

3.1.5. Gross floor area

3.1.6. Net floor area

Safety and security of burglary

3.2.1. Construction safety

3.2.2. Fire safety

3.2.3. Security of burglary

3.3. Usability and adjustability

3.3.1. Adaptability and compliance with needs
3.3.2. Accessibility for different users



Multiple Criteria Analysis of the Life Cycle of the Built Environment 61

3.3.3. Spatial organisation and workplace quality
3.3.4. Adjustability over time
3.4. Thermal comfort
3.5. Air quality and health
3.6. Visual climate
3.7. Acoustic climate
3.8. Aesthetics of building and indoor spaces
3.8.1. Physical form and spatial solutions
3.8.2. Surfaces and colours
3.8.3. Details
3.9. Feelings and sensations
4. Building part and product performance
4.1. Category of building parts, quantity, size and area
4.2. Safety
4.3. Durability
4.4. Thermal quality
4.5. Impact on air quality
4.6. Lighting quality
4.7. Acoustic quality
4.8. Aesthetic quality as form, surface, colour and details
4.9. Feelings and sensations
5. Facility performance in operation and use
5.1. Category of tenant and operation and size and area of space
5.2. Applicability of the facility
5.2.1. Branding and certification
5.2.2. Meeting owner’s strategy
5.2.3. Meeting users’ strategies
5.3. Operation
5.3.1. Defects in use
5.3.2. Maintenance
5.4. Services
5.4.1. Facility services
5.4.2. Range of user services
5.4.3. Parking
5.5. Social performance
5.5.1. Employment
5.5.2. Social diversity
6. Process performance in design and construction
6.1. Category of process, supplier and organisation
6.2. Resource control and project management
6.2.1. Control of economy
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6.2.2. Working plan and time consumption
6.2.3. Logistic of materials and equipment
6.2.4. Internal cooperation
6.2.5. External cooperation
6.3. Health and safety and work environment
6.3.1. Health and safety control and documentation
6.3.2. Accidents
6.3.3. Physical work environment
6.3.4. Mental work environment
6.4. Quality management
6.4.1. Quality control and documentation
6.4.2. Operation and maintenance instruction
6.4.3. Handover defects and repairing
6.4.4. Guarantee period defects and repairing
6.5. User involvement and cooperation
6.5.1. User involvement in briefing
6.5.2. User evaluation of cooperation and process
7. Environmental impact
7.1. Resource use
7.1.1. Land use
7.1.2. Material use
7.1.3. Recycling
7.1.4. Water consumption
7.1.5. Energy consumption
7.2. Emissions
7.2.1. Carbon footprint
7.3. Biodiversity

1.7. Methods, models and rating systems of the building life-cycle.
Multiple-criteria decision-making

While LCA is the most common method of evaluating environmental impacts
for buildings, there are a number of related methods that assess complementary
facts of the built environment, such as the economic and social costs. Each
method has specific goals, which means they do not have to be used exclusive
of each other. In some instances, it may be useful to the professional to apply
a number of methods to glean the most comprehensive assessment possible, or
combine tools for a hybrid variation. Hybrid assessments are commonly under-
taken by combining LCA and EIO-LCA to get a sense of how the environmen-
tal and economic impacts relate (Hossain 2013). For example, Jgrgensen et al.
(2008) by using Social Life-Cycle Analysis evaluates social and socioeconomic
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effects of products and companies, i.e. worker health, human rights, labor prac-
tices, consumer safety, etc.

The construction and property sector has seen the development of a number
of methods for evaluating the ‘greenness’ of buildings in the 1990s — both for
new designs and existing buildings. These range from very detailed life cycle
assessment methods, which account for all the embodied and operational envi-
ronmental impacts of building materials, to higher level environmental impact
assessment methods, which evaluate the broader implications of the building’s
impact on the environment. In between these two are environmental assess-
ment methods such as BREEAM, BEPAC, LEED, and GBA (Crawley, Aho 1999).
Crawley and Aho (1999) discuss the potential market applications of these sys-
tems and compare and contrast several of the major environmental assessment
methods.

Currently in the U.S., the building assessment frameworks/rating systems
that include LCA are (ATHENA Sustainable Buildings Institute 2012; Bayer et al.
2010; Hossain 2013):

* Leadership in Energy and Environmental Design (LEED) - the recent LEED

update includes points for conducting a LCA.

» Green Globes — directly awards points for the educational experience of
conducting a LCA and the first in the U.S. to incorporate LCA in the rating
system.

« International Code Council (ICC) 700 National Green Building Standard,
National Association of Home Builders’ residential green standard — awards
points for conducting a LCA.

« ASHRAE 189.1 Standard for the Design of High-Performance Green
Buildings Except Low-Rise Residential Buildings — recommends conducting
a LCA to assess the building’s impact on natural resources, minerals, and
the atmosphere.

+ CalGreen - California’s Green Building Standards Code offers LCA as an
alternative to comply with material requirements on the whole-building
level.

 International Green Construction Code (IGCC) — the ICC’s standard offers
LCA as an alternative to comply with material requirements on the whole
building and assembly level.

A few previous studies are briefly discussed below as an example.

Under LEED v4, project teams will find credits that support a life-cycle
approach in their designs and building material choices, deliver improved
performance, and provide for the most resource-efficient building overall and
over time. Life-cycle thinking means that the entire life cycle of a product
should be examined, the processes and constituents identified, and the impacts
of those processes and constituents assessed both upstream, from the point
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of manufacturing or use toward raw materials extraction, and downstream,
from that point toward end of life. This type of thinking is sometimes called
“cradle to grave” to illustrate the inclusion of the whole life cycle, or “cradle
to cradle” to emphasize recycling and reuse at the end of life rather than
disposal. Life-cycle assessment (LCA) is a methodology for implementing life-
cycle thinking. LCA methods have been developed by international standard-
setting organizations and include rigorous requirements to ensure data quality,
comparability and objectivity. LCA is data-intensive and generally requires a
trained professional (Todd 2013).

Cicas et al. (2007) developed a model to calculate the regional environmental
impacts of an industry entire supply chain or sector. Cicas et al. (2007) utilized
regional economic and environmental data to assess the impact of petroleum re-
fineries. The regional results showed pollution discharges 8% above the national
models. Cicas et al. (2007) emphasize the importance of calculating impacts by
region rather than across the nation, as there are marked differences between
states in the U.S.

One of the ongoing challenges in the quest to make the built environment
more sustainable is to identify and mitigate environmental impacts in all phases
of buildings, from design to construction to use and maintenance and finally end
of life phases (Ndungu et al. 2012). Ndungu et al. (2012) compare the life cycle
environmental burdens of constructing Composite Metal Deck and Hollow Core
floor systems for commercial buildings by using a Hybrid Life Cycle Assessment
(LCA) approach. The study covers material extraction (cradle-to-gate) and con-
struction (gate-to-gate) phases and includes a detailed assessment of both direct
and supply chain impacts. A comprehensive set of results is obtained from the
study. These results are presented in several categories for comparative assess-
ment — energy use, Carbon Dioxide (CO,), Carbon Monoxide (CO), Nitrogen Di-
oxide (NO,), Sulphur Dioxide (SO,), PM10 and VOC emissions. Other categories
include solid waste and liquid emissions (Ndungu et al. 2012).

Srdi¢ and Selih (2011) systematically builds an integrated model that includes
quality as well as sustainable performance of the built environment and ac-
companying construction processes. This model for the “Integrated Quality and
Sustainability Performance Assessment in Construction” presents a three-level
arrangement, namely: the structure, process/project, and construction product.
Srdi¢ and Selih (2011) propose a holistic sustainability assessment methodology
based on the authors’ previous research work for structures. The strict imple-
mentation of quality and environmental management systems in the partici-
pating organisations and in the whole construction project guarantees quality
and environmental performance at project/process level. On the construction
product level, Srdi¢ and Selih (2011) complement the existing requirement of
providing a statement of conformity for each product of the structure with the
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Environmental Product Declaration (EPD) for all construction products. Srdi¢
and Selih (2011) use the Life Cycle Assessment methodology to obtain the EPDs
for specific construction products; in this way, Srdi¢ and Selih (2011) can evalu-
ate their environmental impacts throughout the life cycle of a product or struc-
ture. Integration of all three levels by Srdi¢ and Selih (2011) ensures that the
desired plateau of quality and sustainability performance is achieved for struc-
tures, processes and products.

A thorough energy-efficient built environment multiple criteria analysis is
quite difficult to undertake, because a building and its environment are complex
systems (technical, technological, environment, ecological, social, economical,
comfort, esthetical, etc.), where all sub-systems influence the total efficiency
performance and where the interdependence between sub-systems play a signifi-
cant role. Many multiple-criteria decision-making (MCDM) or multiple-criteria
decision analysis (MCDA) methods have been developed in the world for solving
the above-mentioned and other problems as follows: AHP method (Kablan 2004;
Nigim et al. 2004; Jaber et al. 2008; Alanne et al. 2007), COPRAS (Kaklauskas
et al. 2005, 2006), Data envelopment analysis, Decision EXpert, Disaggregation
approach (Diakoulaki et al. 1999), Displaced Ideal (Mirasgedis and Diakoulaki
1997), Dominance-based rough set approach, ELECTRE (Georgopoulou et al.
1997; Beccali et al. 1998, 2003; Thiel and Mroz 2001), Evidential reasoning
approach, Fuzzy sets (Beccali et al. 1998; Cavallaro and Ciraolo 2005; Gamboa
and Munda 2007; Jaber et al. 2008; Alanne et al. 2007), Genetic algorithm
(Juan et al. 2009; Wright et al. 2002), Goal programming, Grey relational analy-
sis, Information deficiency method (Afgan and Carvalho 2002), Inner product
of vectors, MACBETH, Multi-attribute-utility analysis (Renn 2003), PAPRIKA,
PROMETHEE (Georgopoulou et al. 1998; Goumas et al. 1999; Haralambopoulos
and Polatidis 2003; Cavallaro 2005), SIR method, TOPSIS, Value analysis, Value
engineering, Value tree method (Renn 2003), VIKOR, Weighted product model,
Weighted sum model, PAIRS (Salo, Himaldinen 1992).

The aforesaid methods were used to solve various problems of energy-effi-
cient built environment:

« ELECTRE (Georgopoulou et al. 1997; Beccali et al. 1998, 2003; Thiel
and Mroz 2001): regional energy planning, evaluation of renewable
energy options, renewable energy diffusion strategies, renewable energy
technologies, selecting a heating system for a historical building.

+ Disaggregation Approach (UTADIS: Diakoulaki et al. 1999): energy analysis
and policy making.

+ Value tree method (Renn 2003): evaluation of energy scenarios, waste
energy utilization.

+ Multi-attribute utility analysis (Renn 2003): selection of energy scenarios,
waste energy utilization.
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« PROMETHEE (Georgopoulou et al. 1998; Goumas et al. 1999; Hara-
lambopoulos, Polatidis 2003; Cavallaro 2005): promotion, planning and
assessment of renewable energy sources; geothermal and renewable energy
projects; ‘scenarios’ for geothermal resources; renewable energy plants.

» Fuzzy sets (Zadeh 1965) (Beccali et al. 1998; Cavallaro, Ciraolo 2005;
Gamboa, Munda 2007; Jaber et al. 2008; Alanne et al. 2007): technologies
of energy conversion and heating distribution, renewable energy diffusion
strategies, wind energy plants, locating wind turbines.

« PAIRS (Salo, Himaldinen 1992): residential heating systems and the
handlinge of uncertainties related to the actual preferences of decision
makers for type heating systems.

+ Displaced Ideal (Mirasgedis, Diakoulaki 1997): electricity generation
systems.

+ Information deficiency method (Afgan, Carvalho 2002): new and renewable
energy technologies (power plants).

« AHP (Saaty 2001) method (Kablan 2004, Nigim et al. 2004; Jaber et al.
2008; Alanne et al. 2007): evaluation of conventional and renewable energy
sources for household heating, prioritisation of policy instruments, pre-
feasibility ranking of alternative renewable energy sources.

Multiple-criteria decision-making (MCDM) is the most well-known branch

of decision making. It is a branch of a general class of Operations Research (or
OR) models which deal with decision problems under the presence of a number
of decision criteria. According to many authors MCDM is divided into Multi-
Objective Decision Making (or MODM) and Multi-Attribute Decision Making
(or MADM) (Triantaphyllou et al. 1998). Different authors have different names
for the concept of Multi-Objective Decision Making (MODM) such as multiple-
criteria design, multiple objective mathematical programming, or multi-objective
optimization. MODM methods (Diakaki et al. 2010; Asadi et al. 2012a 2012b;
Diakaki et al. 2008; Wright et al. 2002) and MADM methods (Gero et al. 1983;
Jaggs, Palmar 2000; Flourentzou, Roulet 2002; Rey 2004; Kaklauskas et al. 2006;
Allane 2004; Kim et al. 2009; Diakaki et al. 2010) are widely used in analyses
of energy-efficient built environment.

MODM studies decision problems in which the decision space is continuous.

A typical example is mathematical programming problems with multiple objec-
tive functions. The first reference to this problem, also known as the “vector-
maximum” problem. (Triantaphyllou et al. 1998). The alternatives in this class
of problems are not explicitly known, they are either infinite and not countable
or typically very large if countable. MODM methods sometimes using interactive
computer methods to involve the analyst explicitly in the process also, directly
seek to specify what the definition of the best option should be. The question is
essentially one of identifying an optimal design for the option, guided by MODM
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methods. Almost always, the optimisation is subject to specific constraints, for
example on cost or technical specification (Multi-criteria analysis... 2009).

The problem faced by the decision maker is in fact a multi-objective opti-
mization problem, characterized by the life cycle of multiple and competing
objectives, the decision space consisting in a set of feasible solutions that are
not predefined but are implicitly defined by a set of parameters and constraints
that should be taken into account. Therefore, it is not necessary to enumerate
the set of actions to be considered (Diakaki et al. 2010).

A number of MODM methods has been used to analyse different areas of
energy-efficient built environment such as design of building envelopes (Diakaki
et al. 2008), selection of heating systems (Wright et al. 2002), optimal thickness
of insulation (Malckzewski 1999), retrofit actions aimed at minimizing energy
use in a cost-effective manner (Asadi et al. 2012), and improving energy effi-
ciency in buildings (Diakaki et al. 2010).

Multi-Attribute Decision Making (MADM) methods often have alternative
names, too (e.g. multiple-criteria evaluation).

There are many ways one can classify MADM methods. One way is to clas-
sify them according to the type of the data they use. That is, we have deter-
ministic, stochastic, or fuzzy MADM methods (for an overview of fuzzy MADM
methods (Chen, Hwang 1992). However, there may be situations which involve
combinations of all the above (such as stochastic and fuzzy data) data types.
Another way of classifying MADM methods is according to the number of deci-
sion makers involved in the decision process. Hence, we have decision maker
MADM methods and group decision making MADM (Triantaphyllou et al. 1998).

MADM concentrates on problems with discrete decision spaces. In these
problems the set of decision alternatives has been predetermined (Triantaphyl-
lou et al. 1998). In MADM problems with a finite number of options, each of
which is assessed in terms of a given number of criteria. For each option, with
respect to each criterion, this performance information needs to be collected.
Most decisions concern choices between a finite number of options, the details
of which have already been predetermined before they are subject to MADM.
It is concerned simply to assess the strengths and weaknesses of options as
they stand and find the best alternative (a set of good alternatives) for a deci-
sion maker (Multi-criteria analysis 2009). In a number of countries, scientists
used MADM methods to solve miscellaneous problems of energy-efficient built
environment:

+ Local energy systems involving several energy resources (Lgken 2007).

+ Selection process (Malckzewski 1999).

« Selecting a heating system for a historical building (Thiel and Mroz 2001).

+ Design of building envelope and refurbishment problems; selecting contractors

for public buildings (Kaklauskas et al. 2005; Kaklauskas et al. 2006).
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 Evaluation of conventional and renewable energy sources for household
heating (Jaber et al. 2008; Alanne et al. 2007).

+ Energy conversion and heating distribution technologies (Nagesha, Bala-
chandra 2006).

+ Residential heating systems and the handlinge of uncertainties related to
the actual preferences of decision makers for type heating systems (Salo,
Hamalainen 1992).

+ Building design (Gero et al. 1983).

« Evaluation of retrofitting scenarios (Jaggs, Palmar 2000; Flourentzou,
Roulet 2002; Rey 2004).

» Multivariate design and multiple criteria analysis for building retrofitting
(Kaklauskas et al. 2005, 2006).

+ Selection of the most feasible retrofit actions in the conceptual phase of a
retrofit project (Allane 2004).

» Housing condition assessment to suggest optimal retrofit actions considering
the trade-off between cost and quality (Juan et al. 2009).

A few brief examples follow, as a quick illustration of the aforementioned

MCDM methods applied in some areas of energy-efficient built environment.

Diakaki et al. (2010) investigated the feasibility of applying multi-objective
optimization techniques to the problem of improving energy efficiency in build-
ings, considering a simplified model for building thermal simulation

Due to growing limitations on land use and awareness of sustainability con-
cerns, the building retrofit market has faced increasing opportunities worldwide.
Several technological/constructive options are available to improve energy ef-
ficiency and indoor environmental quality in buildings. The identification of the
most appropriate retrofitting options is a topic of outstanding importance given
the potential costs and impacts involved (Asadi et al. 2012). Asadi et al. (2012)
present a multi-objective optimization model and method to assist stakeholders
in the definition of intervention measures aimed at minimizing the energy use
in the building in a cost effective manner, while satisfying the occupant needs
and requirements. An existing house needing refurbishment is taken as a case
study to demonstrate the feasibility of the proposed multi-objective model in a
real-world situation. The results corroborate the practicability of this approach
and highlight potential problems that may arise (Asadi et al. 2012).

Coherent and efficient retrofit scenarios are commonly built on the basis of
the knowledge of the degradation state of the building and its obsolescence.
The architect or building engineer prepares a list of refurbishment works re-
quired on the basis of the building audit, his experience and the available budget
(Flourentzou, Roulet 2002). Flourentzou and Roulet (2002) describe a systematic
method, based on multicriteria analysis and a constructivist approach, which
helps an expert in designing retrofit scenarios. This approach includes several
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steps and follows an iterative process. The associated computer tool takes charge
of tedious tasks such as calculating the associated costs, performing an energy
balance, and checking for coherence between actions; and presents various view-
points to the expert. It also helps the user in quickly creating various scenarios.
The expert can then interact with this information and makes the decision for
selecting the final scenario. This interactive approach brings together expert
intuition and rational systematic verification (Flourentzou, Roulet 2002).

As one can see, the above-mentioned research has enabled the authors to
solve a majority of problems in a complex way as far as energy-efficient built en-
vironment’s multiple-criteria decision-making is concerned. However, one of the
weakest aspects of the above research was the formation and multiple criteria
analysis of alternative variants of the whole energy-efficient built environment.
The authors of this chapter have developed methods of multivariant design and
multiple criteria analysis of energy-efficient built environment to tackle these
problems.

1.8. Model for a complex analysis of the life cycle of
the built environment

A thorough built environment’s life cycle (brief; design; raw material extrac-
tion, transport and processing; construction materials production and distribu-
tion; construction; use, repair and maintenance; demolition; disposal, reuse, or
recycling) analysis is quite difficult to undertake, because a buildings and its
environment are a complex system (technical, technological, economical, social,
cultural, ecological, etc.), where all sub-systems influence the total efficiency
performance and where the interdependence between sub-systems play a sig-
nificant role.

In order to develop a high-quality built environment, it is necessary to take
care of its efficiency from the brief to the end of service life, demolition; dis-
posal, reuse, or recycling. The entire process must be planned and executed
with consideration of goals aspired by participating stakeholders and micro,
meso and macro level environment. In order to realize the above purposes an
original Model of a Complex Analysis of the life cycle of the built environment
(see Figure 1.5) was developed enabling to analyze life cycle of the built envi-
ronment, the parties involved as well as its micro, meso and macro environment
as one complete entity.

A Model was being developed step by step as follows (see Figure 1.5): a
comprehensive quantitative and conceptual description of a research object;
multivariant design of life cycle of the built environment; multple criteria analy-
sis of the life cycle of the built environment; selection of the most rational
version of life cycle of the built environment; development of rational micro,
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meso and macro level environment. The above Model will be now described
in more detail.

For more comprehensive study of a research object and methods and ways
of its assessment major constituent parts of the above object will be briefly
analyzed. They are as follows: life cycle of the built environment, the parties in-
volved and micro, meso and macro environment having a particular impact on it.

A research object
Micro, meso and macro level environment

! ! ! !

Financing institutions

Clients | | Briefl |Design| | | | Recycling |
Users |
Designers |
|
Contractors | Life cycle of the built environment
|
|

Facilities management organizations

State and state organisations

4 4 4 4 4 4 4
Micro, meso and macro environment
!

Multivariant design of life cycle of the built environment

!

Multple criteria analysis of the life cycle of the built environment

!

Selection of the most rational version of life cycle of the built environment

Development of rational micro, meso and macro level environment
] ] ¥ ¥ ¥ ¥ ¥

Determination of rational processes
and their constituents parts

| Brief | |Design| | | | Recycling |

Realization of purposes of interested parties
(clients, users, designers, economists,
contractors, maintenance engineers, building
material manufacturers, suppliers,
contractors, local government, state and state
organisations, etc.) involved in the life cycle
of the built environment

4 4 4 4 4 4 t

Development of rational micro, meso and macro level environment

Rational life cycle of the
built environment —

Figure 1.5. Model for a Complex Analysis of the Life Cycle of the Built Environment
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Economic Infrastructural Legislative
Technical Project aspects being evaluated Social
Technological Quality (architectural, aesthetics, comfortability), etc.

T

A comprehensive quantitative and conceptual description of the life cycle of the
built environment, interested parties, micro, meso and macro environment

|

Digital Text Formula

Drawings Presentation of data Videotapes

l

Graphical (diagrams, schemes, graphs), Augmented and Virtual Reality, etc.

!

Development of a cloud database

!

Development of new methods of multiple criteria analysis

!

Development of intelligent decision support systems for the built environment
life cycle and its stages

Development of rational micro, meso and macrolevel environment
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Life cycle of the built environment in turn consists of eight closely interre-
lated stages, such as brief; design; raw material extraction, transport and pro-
cessing; construction materials production and distribution; construction; use,
repair and maintenance; demolition; disposal, reuse, or recycling.

At the stage of brief the stakeholders state major requirements and limitations
regarding the built environment in question.

Built environment is being designed with account of the stakeholders’ needs
as well as the possibilities of designers, constructors, suppliers, facilities man-
agers, etc. At the design stage life cycle of the built environment multivariant
design and multiple criteria analysis should be carried out taking into account
the experience gained in realizing similar projects and seeking to harmonize the
activities of various stakeholders. At a design stage, the strategy and means of its
realization related to maintenance, facilities management, demolition, disposal,
reuse, or recycling should be defined. These should ensure that maintenance,
facilities management, demolition, disposal, reuse, or recycling problems are
continually dealt with, starting from the brief stage. Since the rationality of
various aspects of project often depends on a particular interested party only
complex design of a life cycle process of built environment involving close col-
laboration of major stakeholders can lead to good results. Various parties are
involved in the brief; design; raw material extraction, transport and processing;
construction materials production and distribution; construction; use, repair and
maintenance; demolition; disposal, reuse, or recycling of built environment, their
cooperation taking rather long period of time.

Life cycle efficiency of built environment depend to a very great extent not
only on the selected most rational processes and solutions, the interest level of
the concerned parties involved in the project, expressed as the effectiveness of
their participation in the process, but also on the micro, meso and macro level
factors. As can be seen from Figure 1.5 the object of investigation is rather
complicated involving not only life cycle of the built environment and its stages
but also including stakeholders and micro, meso and macro environment fac-
tors having impact on the former. To select a rational alternative a new Model
of a Complex Analysis of the life cycle of the built environment was developed.
Based on this Model, professionals involved in design and realization of life cycle
of the built environment can develop a lot of the alternative versions as well
as assessing them and making the final choice of the most efficient variant. A
practical realization of a Model is presented in Figure 1.6.

1.9. Practical realization of a model for a complex analysis of
the life cycle of the built environment

By modelling and forecasting future perspectives and trends of life cycle of the
built environment, it is possible to get ready to respond to the variation of micro,
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meso and macro-level variables. Model for a Complex Analysis of the Life Cycle
of the Built Environment suggested by this research is based on presumption that
the built environment depends on many micro, meso and macro-level variables.
The presence of specific micro, meso and macro-level variable factors right away
imposes objective limitations for efficient life cycle of the built environment.

Therefore, basing oneself on main worldwide development trends and best
practices, it is possible to issue recommendations on the increase of efficiency
of life cycle of the built environment in specific country. When rational variable
micro, meso and macro-level factors determine for specific country have been
realized, they should create better and more favourable conditions for efficient
realization of life cycle of the built environment would be created.

The research aim was to produce a Model for a Complex Analysis of the Life
Cycle of the Built Environment in specific country by undertaking a complex
analysis of micro, meso and macro-environment factors affecting it and to give
recommendations on the increase of its competitive ability.

The research was performed by studying the main worldwide development
trends and best practice, taking into consideration specific countries’ history,
development level, needs and traditions. Simulation was undertaken to provide
insight into creating an effective environment for the life cycle of the built
environment by choosing rational micro, meso and macrofactors. The most of
stakeholders cannot correct or alter the micro, meso and macro-level variables,
but they can go into the essence of their effect and take them into considera-
tion when realizing various activities. Stakeholders, knowing the micro, meso
and macro-level factors affecting the activities being realized, can organize their
present and future activities more successfully.

To design and achieve effective built environment life cycle a complex analy-
sis of its stages as well as stakeholders, their aims and potentialities is needed.
The effect of micro, meso and macro environmental factors should also be taken
into account.

Dozens of millions of built environment life cycle alternatives can be ob-
tained. The diversity of solutions available contributes to more accurate evalua-
tion of economical, technological, social, cultural, climatic and other conditions,
risk exposure, as well as making the project cheaper and better satisfying differ-
ent stakeholders requirements. This also leads to better satisfaction of the needs
of all parties involved in the project design and realization.

Various stakeholders are involved in the life cycle of the built environment,
trying to satisfy their needs and affecting its efficiency. The level of the effi-
ciency of life cycle of the built environment depends on a number of variables,
at three levels: micro, meso and macro level.

The problem is how to define an efficient built environment life cycle when
a lot of various stakeholders are involved, the alternative project versions come
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to hundreds million and the efficiency changes with the alterations in the envi-
ronment conditions and the constituent parts of the process in question. Moreo-
ver, the realization of some objectives seems more rational from the economic
perspective thought from the other qualitative perspectives they have various
significance. Therefore, it is considered that the efficiency of a sustainable built
environment life cycle depends on the rationality of its stages as well as on the
ability to satisfy the needs of the stakeholders and the rational character of mi-
cro, meso and macro environment conditions.

Formalized presentation of the research shows how changes in the micro,
meso and macro environment and the extent to which the goals pursued by
various stakeholders are satisfied cause corresponding changes in the value and
utility degree of a sustainable built environment life cycle. With this in mind,
it is possible to solve the problem of optimization concerning satisfaction of the
needs at reasonable expenditures. This requires the analysis of built environment
life cycle versions allowing to find an optimal combination of goals pursued and
finances available.

The research object is a built environment life cycle, stakeholders striving to
attain their goals and micro, meso and macro environment making an integral
whole.

Model for a Complex Analysis of the Life Cycle of the Built Environment was
developed with the goal of integrating different quantative and qualitative as-
pects of the process over the life of the built environment. This six-stage model
is presented in brief heretofore:

Stage I. Comparative description of the life cycle of the built environment
basing oneself on main worldwide development trends and best practices:

+ Determining a system of criteria characterizing the efficiency of a life
cycle of the built environment by employing relevant literature and expert
methods.

+ Describing, per this system of criteria, the present state of the life cycle
of the built environment in countries under consideration in conceptual
(textual, graphical, numerical, virtual and augmented reality and such) and
quantitative forms.

Stage II. Comparison and contrast of the life cycle of the built environment

in countries under consideration:

+ Identifying the global development trends (general regularities) of the life
cycle of the built environment.

+ Identifying the differences in life cycle of the built environments in countries
under consideration.

» Determining the pluses and minuses of these differences.

+ Determining the best practice for the life cycle of the built environment in
countries under consideration as per actual conditions.



Multiple Criteria Analysis of the Life Cycle of the Built Environment 75

+ Estimating the deviation between the knowledge stakeholders have of

worldwide best practices and their practice-in-use.

Stage III. Development of certain general recommendations on how to im-
prove the knowledge levels of stakeholders.

Stage IV. Submission of certain recommendations to stakeholders including
several particular alternatives for each general recommendation proposed.

Stage V. A multiple criteria analysis of the composite parts of a life cycle of
the built environment and selection of the most efficient versions — henceforth
interlinking the received compatible and rational composite parts into a full life
cycle of the built environment process.

In order to assure the efficiency of a project, it should be executed within
certain bounds which are determined by the built environment. The fact is that
these factors are different in each country, so also the possibilities for efficient
realisation of projects (see Figure 1.7) will also vary.
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Figure 1.7. Micro, meso and macro factors that influence the efficiency of the life
cycle of the built environment

Figure 1.7 indicates diagrammatically the factors at micro, meso and macro
level which may impinge upon the efficiency of the built environment. This
means that to be efficient the built environment must operate within certain
boundaries imposed by the micro, meso and macro factors. Recognising that in
each country the factors will be different, this diagram will vary accordingly.
It is necessary to utilise knowledge and experience about the micro, meso and
macro level factors, so as to increase the efficiency level in each country under
consideration. This will be done by analysing the worldwide experience, knowl-
edge and best practices and applying this to specific country.

Using carbon tax as an example of this, it can be appreciated that if the
level of carbon tax is high, national firms could either go bankrupt because of
increased tax liabilities, or they could decrease efficiency in the face of a lack of
competition from international companies who will not attempt to enter the lo-
cal market. Similarly, if the carbon tax level is lowered, this may cause national
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firms to lose market share to international companies entering the local market,
or to force them to increase efficiency in the face of such competition.
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Figure 1.8. Fluctuation of efficient boundary of micro, meso and macro environment

Such changes in taxation will alter the boundary of efficiency of the built
environment. Similar built environment changes can shift this boundary (the
area within boundary of efficiency expresses the total satisfaction level of needs
of all stakeholders). For example, the specific country government (in order to
solve the most important problems for specific country society) may abolish VAT
on new passive houses in order to promote investment in passive housing. Thus
the boundary of efficiency is extended to include this new development from the
former situation. After development of the specific country built environment
the boundary will alter again (Figure 1.9 illustrates a revised level of efficiency
as an example of how to take account of these alterations).

Figure 1.9 graphically illustrates interrelationships between macro-level fac-
tors and the built environment. The area inside the ellipse represents the positive
action of specific macro-level factors on the efficiency of the built environment.
The area outside the ellipse represents the negative effect of the macro-level
factors on the efficiency of the built environment. Where the macro-level fac-
tors overlap a better environment for the built environment is created. In this
case the optimum environment for the built environment is when all four ellipse
areas are overlapping (i.e. economic, fiscal, legal and market). The greater the
common overlapping area (taking into account the significance of the factors),
the greater will be the efficiency level of the built environment. Having inves-
tigated the effects of the micro, meso and macro variables affecting built envi-
ronment by using best practices, differences have been identified between these
and specific country. On the basis of these differences, the main implications for
specific country can be identified. Studying only some worldwide experience,
knowledge and best practices could lead to any inferences being purely subjec-
tive. However, by studying a number of countries any bias can be diminished.
In other words, the presence of specific micro, meso and macro-level variable
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factors immediately imposes objective limitations on the efficient activities of
stakeholders. The stakeholders, in the presence of these objective limitations, try
to perform their activities in a more rational way.

Rational

. environment
Optimal
environment

Negative
environment

Figure 1.9. Determination of optimal, rational and negative environment
for the built environment

Based on the above considerations, it is possible to propose a Model for a
Complex Analysis of the Life Cycle of the Built Environment on the basis of
the performed search for a rational variable environment for specific country
(i.e. seek to explore ways of harmonising the relationship between the specific
country built environment and its micro, meso and macro environment). Upon
completion of such a model, the stakeholders by taking into consideration exist-
ing limitations of micro, meso and macro-level environment and existing pos-
sibilities, will be able to use their resources in a more rational manner.

One of the major tasks of an organization is to carry out its activities under
the most favourable micro, meso and macro-level conditions. Efforts are made
to ensure that the structure, goals, output, efficiency and quality of production
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of the organization would be in maximum conformity with the existing envi-
ronmental conditions. The pursuit of impracticable goals, for instance, trying to
realize projects which surpass the organization’s capabilities or the environment
(economical, social, legal, political, competitive and technological conditions) is
adverse, may cause undesirable consequences.

In order to assure the efficiency of a project, it should be executed within
certain bounds which are determined by micro, meso and macro-level factors.

Model for a Complex Analysis of the Life Cycle of the Built Environment was
developed with the goal of integrating the environmental, energetic, political,
economical, legal/regulatory, infrastructural, technical, technological, pollution,
health, quality of life, social, cultural, ethical, psychological, emotional, religious,
ethnic and other aspects of the process over the life cycle of the built environment.

It can be noticed that researchers from various countries engaged in the
analysis of the life cycle of the built environment but its stages did not consider
the research’s object as was analyzed by the authors of the present investigation.
A life cycle of the built environment may be described as follows: the stakehold-
ers involved in its life cycle as well as the micro, meso and macro environments,
having a particular impact on it and making an integral whole.

1.10. Facilities management

Facilities management is a stage of the lifecycle of the built environment. It is
briefly discussed below.

1.10.1. Composite parts of facilities management

Scholars from different countries understand facilities management as an object
differently quite frequently. For example, German scientists hold the opinion
that the environment, infrastructure, buildings and the equipment, installations
and furnishings within comprise the facilities management object. The main
objective of facilities management is the supply of a set of services that a client
needs encompassing rational planning and implementing operations in the build-
ings, adapting to ever-changing needs and pursuing formation of good conditions
for the development of effective organizational operations. This way the value
of the real estate also increases. Such a perspective does not establish any strict
boundaries between the objects and their functions of facilities management
and of real estate management. There is a belief in the Netherlands that the
main purpose of a facilities manager for assuring the effective operations of an
organization is to determine the needed set of services and quality and capac-
ity considerations and to provide them by the agreed time for the agreed price.
Meanwhile a real estate manager endeavors to gain profits from the building un-
der exploitation. An analogical opinion has taken hold in Great Britain as well.
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Facilities management consists of four composite parts: the supervision of
space (of the facilities), administration, technical and other services. A delibera-
tion of these composite parts follows.

Space Administration
supervision super vision
Facilities management
composite parts
Technical / Other services

supervision supervision

Figure 1.10. Facilities management composite parts

Space supervision is understood as the supply of services attempting to form

effective organizational work condition. Space supervision encompasses:

+ Space planning and adaptation to ever-changing needs.

» Equipment (cleaning, loading, warehousing), installations (machine tools,
software), furnishings, analysis of inventory requirements and supply.

« Services supply provided for the building, facilities, property security,
reception area duty, telephone links, mail, central archives, couriers,
reproduction services (copying machines, scanners), cleaning (floors,
windows, rooftop), snow removal, supervision of the environment, care
of building plants, environmental protection, business travel handling,
organization and maintenance of parking spaces, public food provisions
organization (breakfast, lunch, number of coffee vending machines including
the determination and layout of sites), trash removal and other sorts of
services.

Administration supervision encompasses:

+ Building use control: budget handling and optimization, coordination of
provided services, contract obligations monitoring, building transferring
and receiving, supervision of the building and parking spaces, documents
handling, announcements handling, image improvements.

+ Accounting of leases, supplemental income, taxes and the like.

- Transactions supervision: transactions drafting, insurance agreements
drafting.

« Personnel acceptance and subcontractor control.

« Supervision of leases and leases with options to purchase (developing a
concept and its practical implementation).

Technical supervision (control) encompasses:

+ Systems and installations exploitation, inspectorate, maintenance; emergency
services involving gas, water supply, sewage, heating, water heating,
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ventilation, electricity, lightening protection, elevators, transporters and
warehouses, automated doors and gates; building and facilities security;
measurements and control; cable and network communications; laundry
and dry cleaning; medical and laboratory equipment and other equipment
and systems.

 Building constructions and exploitation of elements, inspectorate and

maintenance.

» Energy supervision.

Other services supervision encompasses special services according to client
requests: computers and their networks, Internet connection, introduction and
supervision of information technologies, building modeling, consultations on
energy savings and such.

Space, administration, technical and other services can be supervised in the
following stages: consulting, planning, supplying, implementing, supervising and
controlling.

The variety of facilities management will be illustrated next applying the
example of workplaces supervision in Europe.

1.10.2. Workplaces supervision in Europe

The understanding of a workplace has been changing as information technolo-
gies and communications develop. Some of the personnel spend time in several
places for various reasons. An effective workplace is frequently not at the tra-
ditional site of an employer. It can also be found at a client’s place, at home,
while traveling and other places. For example, a good deal of work can be
performed while traveling by train by using a laptop computer containing an
Internet link. The work that can be done includes calculations, estimates, report
writing, order placement and transmitting information by Internet to a client or
to one’s colleagues. A workplace has been named in exotic ways: satellite, non-
territorial, virtual, “hotel-type” workplace and the like. Facilities management
faces numerous new assignments requiring resolution as understandings about
job sits change.

The features of a workplace largely depend on the type of work the organi-
zation does. Nonetheless, the comfortableness and effectiveness of workplaces
at organizations engaged in similar areas in various European countries dif-
fer. These differences depend on more than merely the economic situation of
an organization. In the opinion of Van Meel (2000), factors other than simply
the operations of an organization influence the differences in the workplace in
Europe: market differences, the organizational view regarding real estate, the
architectural view regarding design, laws and culture. Broader analyses of these
factors follow.
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Economical buildings with strong exploitation features enjoy demand in the
real estate market in the United Kingdom. There is less attention paid to consum-
er needs in such cases. Therefore economically rational buildings with average
work conditions are built frequently. An analogical albeit often inferior situation
is found in Eastern Europe. Meanwhile buildings are built at a higher standard
with well-equipped workplaces in markets, where consumers predominate, such
as in the Netherlands and Germany.

Market Culture Laws

Architectural

Activity view
Factors
Economic impacting View
organization workplace on real

situation

estate

Figure 1.11. Factors impacting a workplace

Organizational viewpoints on real estate as a means to increase the effec-
tiveness of the company’s operations differ in different countries. Attention in
Eastern and Central Europe is primarily directed towards the fundamental op-
erations of an organization, not towards rationalizing facilities management.
Consequently business faces additional problems. Numerous Western European
organizations assess real estate not only by price but also from the perspective
of increasing the effectiveness of their organizations.

Whether the architectural view of a building is as a piece of art or as a dis-
cussion on the utilization of the designated unit depends on the effectiveness of
the workplace. A variety of architectural traditions predominates in Europe; thus
these and other architectural views differ. In France, for one example, architec-
ture closely relates with art. Meanwhile Scandinavian architects traditionally pay
more attention to the practical needs of consumers and try to create an environ-
ment that is comfortable and encourages effective work. Often it happens that
more of the implemented ideas come from the architects while they are design-
ing a building, not from the organization that is about to inhabit the building.

Although the European Union seeks harmonized workplaces by its laws, such
implementation has not been fully successful to its finality. The differing cli-
matic, economic, social security and other conditions preclude that. The valid
laws of the Netherlands and Germany, as example, raise high demands on space,
convenience and comfortableness. However, in the United Kingdom, it is eco-
nomically unsound to have such laws, because they would require tremendous
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investments to reorganize workplaces. This is partly due to the relationships be-
tween employers and employees. To illustrate, labor unions are very influential
in Scandinavian countries, where it took lengthy negotiations to achieve compli-
ance of their workplaces with European standards. However, in the United King-
dom and Southern Europe, labor unions are less influential, because here com-
pany managements make the primary decisions. This causes workplaces to be
of a rather poor quality. Still, in this case, the positive feature is that workplace
innovations can be implemented quickly, without long-lasting negotiations.

Every organization retains certain values, which are upheld in daily activi-
ties. Such an influence on the effectiveness of workplaces will be briefly illus-
trated next by employing examples of employee selection, planning and layout
of workplaces.

As mentioned previously, a workplace does not have to be at the job site. All
that’s needed is a powerful laptop computer and a link into Internet, and one
can work while travelling to see clients. There are many more such “virtual”
employees in Northern Europe than there are in Southern Europe. The explana-
tion for this is the common culture and the level of trust in one another. These
“virtual” employees can only appear where there is a sufficient level of trust.
Therefore, to provide an example, there are many less “virtual” employees in
France and Italy than there are in Germany and the Netherlands.

The planning of workplaces is also not the same throughout Europe. In the
United Kingdom, they are installed in huge, common work areas, whereas, in
Northern Europe, they are in separate rooms. The employees of Northern Euro-
pean organizations actively participate in reaching decisions that affect them.
Thus the workplaces in these countries are of a higher standard, generally con-
sisting of separate rooms. Separate rooms provide employees with greater per-
sonal freedom and control over their environments. Meanwhile the employees
in the United Kingdom usually work in cramped facilities without any windows
or natural ventilation.

The size and quality of a workplace often depends on the position its em-
ployee holds in the organization. A person at a higher position has a more spa-
cious workplace with a better view of the environment and greater privacy. The
lower level workers are found either in smaller rooms in one, large common area
with poorer conditions of comfort. This is the custom in France, Italy, Germany,
Sweden and Denmark, whereas, in the Netherlands, the workplace depends more
on the kinds of activities being executed, rather than by the position held.

1.10.3. Complexity and dynamism

The assortment of services provided by facilities management expands as time
passes. Meanwhile clients raise greater demands for the building and its envi-
ronment as a singular system, and laws raise greater demands for health and
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environmental protection. Generating more effective conditions for a company’s
operations and improving the quality of work conditions are important factors,
increasing the competitiveness of a company, which is vitally important for bat-
tling in an area with ever-growing competition.

The effort to resolve issues stemming from the building industry requires
information and experience in management, economics, technology and psy-
chology. Only a “hybrid” manager who is a qualified manager, economist, tech-
nologist and psychologist can fully understand the unfolding problems and find
effective decisions for resolving them. The ability to interact and gain needed
information is one of the most important qualities of a manager. Effective feed-
back assures an organization of always knowing consumer needs and the levels
of their satisfaction, along with new wants that arise consequently. This assists
in guaranteeing the supply of the required quality and prices at full capacity on
a timely basis at the desired site of delivery.

Many organizations understand that their human resources are among the
most important factors for effective organizational activities. The effort to attract
highly qualified specialists requires not only paying them suitably high salaries
but also providing them with comfortable work condition.

The effectiveness of organizations providing facilities management services
can be evaluated from different perspectives. Various stakeholders assess or-
ganizational objectives, duties, operations and their final results from their own
reference points. Such groups include clients, the personnel, stockholders, credi-
tors, suppliers, the media and other means for mass information, municipalities
and the like. The evaluations of such stakeholders do not always coincide. This
is entirely understandable, because different stakeholders assess the effective-
ness of the organization’s operations by factors of greatest concern to them-
selves, resulting in different criteria systems for the evaluation. Organizational
effectiveness can be described as having good relationships internally as well
as with other stakeholders. An organization must have the ability to improve
quality and increase capacity, expand the assortment of supplied services, aug-
ment the relationship between benefit and price, lower risk and adapt to its
external, ever-changing environments involving the economy, laws, politics and
the society. The most advanced organizations consider facilities management
a composite part of the process of seeking increased competitiveness as they
restructure their companies.

All the stages of a building’s life cycle are interrelated. Therefore facilities
management specialists must interact with stakeholders over the entire life
cycle of a building.

Facilities management is pushed by all the aforementioned reasons and
other trends to become a more complex and dynamic organism. Therefore its
complexity and expenses rise. On the other hand, the indicators of such an
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organization’s operations, such as the income to expense ratio, for one, tend
to improve, along with the effectiveness of the workplaces and the production
process and the like.

1.10.4. Determination of a rational assortment, capacity and
quality of provided services

Obviously every specific organization does not require all the aforementioned
services. The requirements for assortment, capacity and quality can be estab-
lished by questioning clients based on the experience of other organizations
providing similar services. The assortment, capacity and quality of services de-
pend on the needs of the organization, its financial capabilities and most impor-
tantly — on its prices and abilities to increase the effectiveness of its organiza-
tional operations. Such a case can be resolved as a multicriteria assignment: the
variations of possible alternative services are compiled, and the most rational is
selected according to a certain system of criteria.

It is not always clear who can supply various services more rationally: the
organization internally or one or several external organizations working jointly.
An assessment of the effectiveness of alternative provided services by organiza-
tions is accomplished by a price comparison of their provided services either
per square meter or price per year. A rational variation can be selected by
calculating these indicators as well as assessing other factors. Several questions
should be answered before coming to a final decision regarding the services
that the organization should provide internally. Does the organization internally
have all the required technology, economic conditions, managerial knowledge,
equipment and documents, which will be essential for providing services ef-
fectively? Will the internal organization care about the continual training of
the personnel and about taking over its best practices? Will it exploit the latest
technologies effectively? Generally organizations do not have required expertise
internally. One of the advantages of external organizations is their ability to of-
fer an enlargement or a reduction in assortment and capacity in consideration
of existing needs.

1.11. Quality of life in a built environment

The life cycle of the built environment can be assessed taking into account many
quantitative and qualitative criteria (see Figure 1.3). One of them is “Quality of
Life in a Built environment” discussed further as a Vision for Lithuania.

Vision entitled “Quality of Life in a Built environment” seeks radical reduc-
tions in the negative effects of a built environment’s lifecycle on the environ-
ment. Furthermore this vision pursues preservation of resources and a guar-
antee of a good quality of life by broadly applying technical, technological,
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social, cultural, ICT, organizational, managerial, economic, business, work
safety and other innovations. It bases significant economic prosperity on a
social agreement between all levels of society. This vision is broken up further
into five subtopics.

One subtopic of this vision is titled “Indoor Microclimate, Morbidity, Quality
of Place for Work and Studies”. The goal here is to develop a lifecycle of healthy,
comfortable and aesthetic premises for people using innovative solutions.

Another subtopic is “Work Safety and Creation of Attractive Work Condi-
tions”. Here the desired goal is to make a construction site a safe, attractive
workplace based on modern innovations (technical, technological, ICT, organi-
zational, managerial, economic, business, social, work safety and such).

“Reduction of the Effect on the Environment” is a subtopic of the vision
endeavoring to implement a radical reduction in the negative effects of a built
environment’s lifecycle on the environment by an effective use of resources
and wasteless and other innovative technologies and restoration of a desolated
environment and ecosystem.

The subtopic “Reduction of Natural and Technogenic Dangers” is the part of
the vision pursuing an evaluation at the EU level about the effects of natural
and technogenic dangers on a built environment and preparation of normative
documents on a built environment’s lifecycle to reduce natural and techno-
genic dangers in various areas (resistance of buildings and the infrastructure to
earthquakes, excessive rainfall, storms, floods and erosion of river and coastal
systems, whirlwinds, landslides, explosions, fires, climatic and geologic changes
and others).

“Transformation of the Construction and Real Estate Branch” is the subtopic
aiming for transformations in the construction and real estate branch (including
all its stakeholder groups) in order to make it more creative, flexible, innovative,
knowledge-based, open to new business opportunities and a source of attractive
jobs. The process will help:

« To achieve more transparency and justice in the branch and a more
comfortable and safe built environment, better health and increased
mobility.

+ To achieve increasing value and importance of the branch to the urban and
regional economy locally and to remain an important employer to urban
and rural people.

A certain strategic research program must be implemented to bring life to this
vision. An analysis must be made on how this program can be effectively imple-
mented in practice, i.e. to include these measures in practical business solutions.

Implementation of this vision’s goals — guarantee of an indoor microclimate,
reduction of morbidity and improvement of the place for work and studies —
requires the following accomplishments:
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« Making an integrated analysis of life quality by applying various sciences
such as environmental protection, economics, management, organizational
behavior, architecture, law, engineering, ethics, aesthetics, psychology,
sociology, professional medicine and ergonomics.

« Paying special attention to satisfying consumer needs, i.e., implementing
consumer oriented knowledge and device-based transformation of a built
environment’s lifecycle.

+ Expressing requirements and needs of stakeholder groups, including persons
with various disabilities, and requirements of the indoor environment by
quantitative and qualitative indicators.

» Developing relevant knowledge and a device-based intelligent decision
support system for accumulating, processing and analyzing the afore-
mentioned types of information.

+ Making decisions and offering recommendations on requirements and needs.

+ Creating a healthy, comfortable and safe environment by using innovative
construction materials and products that do not emit pollutants indoors,
sensors, intelligent systems, engineering systems and facility management
methods.

+ Constructing more social housing units.

+ Creating new technologies for minimizing negative effects of construction
sites, such as dust and noise, on the health, safety and life quality of
neighborhood residents.

« Minimizing use of harmful construction materials and products in
construction.

+ Adapting a built environment for disabled and elderly people.

* Increasing the safety of a built environment (including home, work,
recreational and other facilities as well as the travel between such sites)
with non-skid stairs and floors and the like

+ Providing rational thermal comfort, lighting, humidity and noise reductions.

+ Reducing effects of the sick building syndrome and incidences of respiratory
diseases and allergies as well as improving environmental conditions for
work and studies.

+ Optimizing a healthy and comfortable indoor environment in an integrated
manner and a sustainable low energy built environment.

+ Reducing social problems in a built environment.

+ Applying intelligent e-democracy systems for resolving issues relevant to
quality of life.

Implementation of this vision’s goals — work safety and creation of attractive

work conditions — requires the following accomplishments:

+ Installing automated production lines for construction materials and
products by moving more and more construction processes to factories,
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thus minimizing construction processes at a construction site.

« Adapting construction materials and products to producing semi-
manufactures in factories along with a larger variety of modular products
for productivity and work safety improvements.

+ Intellectualizing machinery and equipment to industrialize and mechanize
construction processes.

* Reducing the number of accidents in construction using the newest technologies
including 3D and 4D modeling, intelligent devices, equipment and clothing.

+ Minimizing the number of accidents and professional diseases.

« Integrating the latest knowledge in all construction processes.

» Using the latest knowledge and device-based intelligent systems in all
construction processes.

+ Improving the image of the construction branch to attract the maximum
number of qualified employees, women among them, thereby minimizing
the unqualified work force.

+ Increasing the responsibility of each employee and encouraging effective
teamwork.

+ Creating conditions for employees to advance their qualifications while
actively working.

« Improving work relations along a vertical management hierarchy, thereby
improving career opportunities.

The following accomplishments are required to implement a reduction of ef-

fects on the environment for this vision:

+ Rationalizing the planning of various city functions by geographic locations
(residential, work, recreation, industrial areas, highways, green zones).

« Urban planning and management from the lifecycle theory perspective of a
city, block, district or building to reduce the negative effects of the lifecycle of a
city’s block, district or building on the environment and restoring the desolated
environment of green areas and such.

+ Organizing construction for reductions of negative effects on the environment
and energy consumption to a minimum during a building’s lifecycle (i.e.,
setting goals and designing; manufacturing construction products including
recycling and recycled materials and products; construction; commissioning;
facility management and demolition).

» Designing and constructing a building for reducing noise to residents and
preventing harm to their health, thereby allowing decent conditions for
work and rest.

+ Improving protection of people, animals, plants and the ecosystem from the
effects of pollution on the surrounding environment (prevention of air, soil
and water pollution).

» Regenerating polluted soil.



88

CHAPTER 1

+ Developing soil and water quality monitoring systems (chemical sensors
providing real time information about ground water quality and integrated
technologies for protection of soil and water from critical situations or
drastic changes, etc.).

« Conducting studies and implementing innovative solutions to reduce
energy consumption and its negative effects on the environment (e.g., CO,
emissions) by:

— installation of low energy and renewable energy technologies;

— development of new technologies for production of efficient and clean
energy;

— development of technologies for efficient energy management in a built
environment;

— development of construction products that drastically reduce the heating
needs of new and renovated buildings;

- construction of new buildings able to generate energy without CO,
emissions.

+ Conducting studies and implementing innovative solutions to improve the
system of public transport by developing:

— personalized public transport accessible to all, including the disabled,;
- a logistic system with centers at the edges of urban areas integrated

with main highways, thereby avoiding heavy vehicles in a city’s centre;
- innovative and more efficient public transport.

« Utilizing waste from various construction organizations.

« Manufacturing construction products and increasing waste recycling to save
resources and energy for improving manufacturing processes of construction
materials and products.

+ Planning in the early designing stages for building construction, demolition/
disassembling, utilization and reuse of construction materials and products
that will aid more efficient use of waste produced by building construction,
demolition/disassembly and utilization and exploitation of unused resources
(while designing a construction site, working at it and such).

+ Integrating systems to analyze the effect of a building’s lifecycle on the
environment (traffic noise, vibrations and air, soil and water pollution, etc.),
thereby enabling such systems to model and forecast the negative effects of
a built environment on the environment.

+ Developing intelligent teamwork systems involving all stakeholder groups.

Implementation of a reduction of natural and technogenic dangers to realize

the vision requires the following actions:

« Harmonizing EU scientific research on new construction products, sensor
technologies, mathematical models, computer modeling methods and
natural research with normative documents from various fields relevant to
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reducing natural and technogenic dangers, such as resistance of buildings
and the infrastructure to earthquakes, excessive rainfall, storms, floods and
erosion of river and coastal systems, whirlwinds, landslides, explosions,
fires, climatic and geologic changes and the like.

+ Analyzing the effect of climatic changes on a built environment to evaluate
any increasing effect of floods, excessive rainfall, storms, coastal erosion, etc.

+ Developing advanced integrated methods, models and systems to monitor,
evaluate, forecast, determine and notify early, manage, prevent and analyze
risk and reduce natural and technogenic dangers by employing methods,
models and systems that must include information to the society on
preparation for unforeseen cases, analysis of the effects on business processes,
distribution of roles and responsibilities during crises, training and competence,
quality and performance management.

+ Reducing natural and technogenic dangers with stakeholder group participation
(end users, policy makers, practitioners) by applying interdisciplinary
knowledge.

« Informing the society about existing and forecasted situations by developing
a system for lifelong e-education and training of the society.

This vision also requires implementation of the transformation of the con-

struction and real estate branch by accomplishing the following:

* Reforming branch management by applying more efficient and simpler
management systems, thereby reducing the time and resources required for
management.

+ Determining how the state should regulate the construction business (from
maximum state involvement to unlimited market forces) and how regulations
should change over time.

+ Aiming for legal acts and normative documents that regulate the construction
business to create good conditions for innovative organizational development
in construction by applying innovative activities more broadly.

+ Creating a legal environment that facilitates and encourages development
of innovative practices and stimulates interest among employees and
companies to improve the quality of the work force.

* Reviewing documents on construction related regulations issued by
ministries, counties and municipalities for creating a uniform system
of national, technical and building safety requirements that is free of
duplicated, unimportant or ambiguous documents.

+ Improving employer-employee relations in the entire sector.

+ Developing a consumer-oriented, innovative lifecycle of a built environment.

+ Transforming the construction and real estate branch into a knowledgeable
and device-based sector covering the entire value chain, from a client to a
rank and file worker.
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+ Developing an integrated knowledge system of a built environment’s
lifecycle.

+ Applying knowledge, information, communication, satellite technologies
and electronics during the entire lifecycle of a built environment.

+ Developing “intelligent products” (identification devices, sensors, diagnostic
tools) that are able to disseminate information about a construction
process condition involving deviations from the work schedule, supply of
construction materials and such, the microclimate, conditions supporting
constructions and other aspects.

+ Constantly evaluating and monitoring the quality of a built environment in
a transparent process reflecting a new image of innovations, creating new
business opportunities and offering good work conditions for all.

1.12. LCA tools and databases. Vision of information and
communications technology in the built environment

1.12.1. LCA tools

Due to rising environmental concerns many local and global assessment tools
(BREEAM, LEED, PromisE, etc.) have been developed. Because of the varying
perspectives of the assessment tools the weighting factors applied to the various
issues differ to some extent (Airaksinen et al. 2011).

Any attempt by North or South to clearly define objectives for sustainable
development, or to evaluate progress in meaningful terms, must be rooted in for-
mal methods and tools for quantifying and comparing performance of the built
environment. Otherwise, the concepts will have little effect in the real world.
Among the choice of assessment methods, life-cycle analysis (LCA) is particularly
interesting. LCA provides crucial insight into the nature of the problem, yet it
is almost impossible to operationalize within the traditional design or policy-
making process (Kohler, Moffatt 2003).

Athena Institute’s simple tool classification system suggests three main levels
of tools, describing the spectrum from individual product assessments through
to whole building assessment and rating systems (Trusty, Horst 2005):

» Level 1 tools (SimaPro, GaBi, Umberto, TEAM, BEES, LCAiT, TAKE-LCA)
focus on individual products or simple assemblies (e.g., floor coverings
or window assemblies) and are used to make comparisons in terms of
environmental or economic criteria (or both), especially at the specification
stage of project delivery.

« Level 2 tools (Athena Environmental Impact Estimator, BRI LCA, EcoQuan-
tum, Envest, Green Guide to Specifications, LISA, LCA design) focus on the
whole building, or on complete building assemblies or elements, with each
tool typically providing decision support with regard to specific areas of
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concern, such as operating energy, lighting, life cycle costing, and life cycle
environmental effects. These tools tend to be data-oriented and objective,
and apply from the early conceptual through detailed design stages.

 Level 3 tools (BREEAM, GBTool, Green Globes) are the more familiar whole
building assessment frameworks or systems that encompass a broader range
of environmental, economic, and social concerns relevant to sustainability.
They use a mix of objective and subjective inputs, leaning on Level 2 tools
for much of the objective data-energy simulation results, for example. All
use subjective scoring or weighting systems to distill the information and
provide overall measures, and all can be used to inform or guide the design
process.

Different LCA tools specific to the built environment are available on the
Web: ECO-QUANTUM (www.ecoquantum.nl), LEGEP (www.legep.de), EQUER
(www.izuba.fr), ATHENA (www.athenaSMI.ca), OGIP (www.ogip.ch), ECO-SOFT
(www.ibo.at/de/ecosoft.htm), ENVEST 2.0 (www.envestv2.bre.co.uk), BECOST
(www.vtt.fi/rte/esitteet/ymparisto/lcahouse.html), BEES (www.bfrl.nist.gov/
oae/software/bees.html), GREENCALC (www.greencalc.com), ECOEFFECT
(www.ecoeffect.se), ECO-QUANTUM (www.ecoquantum.nl), LEGEP (www.legep.
de), EQUER (www.izuba.fr). Free-of-charge LCA tools include (Hossain 2013):

* Building for Environmental and Economic Sustainability (BEES), developed
by the U.S. Environmental Protection Agency (EPA) and the National
Institute of Standards and Technology, is marketed as a tool for selecting
cost-effective and environmentally preferable building products.

« ATHENA EcoCalculator provides users with a quick snapshot of a building
environmental footprint.

« CMLCA, developed and hosted by the University of Leiden, is a free software
tool to calculate LCA, SLCA, EIO-LCA, LCC, hybrid versions and others.

« OpenLCA is a free open source software tool providing the basic LCA
framework, currently being pilot tested in the US.

* Economic Input-Output Life-Cycle Assessment (EIO-LCA), developed and
hosted by Carnegie Mellon University, calculates the energy, material
resources and emissions output from activities in the US economy.

When practising professionals are able to apply LCA easily to the built envi-
ronment, this will likely be as a result of improvements to LCA tools. One prom-
ising solution in industrialized building economies would be to combine tools for
LCA with those used for quantity surveying, so as to construct a common basis
for LCA, cost estimation and tender operations. Through sharing basic data and
tools, the supplementary effort required for LCA analysis and interpretation may
become acceptable (Kohler, Moffatt 2003).

Next, we present a few environmental assessment tools implemented in prac-
tice; they are applicable to transportation projects, climate change adaptation,
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context-aware virtual prototyping, the Green Building Information Management
System, the new LEED rating system and the integrated modelling system for
bridge asset management.

In line with current trends of measuring the sustainability in built environ-
ments, there has been an increasing interest in the environmental assessments of
green transportation projects. As a result, a number of environmental assessment
tools are used, or are being developed to evaluate the sustainability level of a
transportation project. Thus, the use of quantitative environmental assessment
tools for transportation projects is expected to increase, making it relevant to
ascertain their status of development process (Curaz et al. 2012). Curaz et al.
(2012) apply a unified thematic framework to compare the sustainability rating
systems for transportation projects. In an effort to do so, Curaz et al. (2012)
describe and compare various different tools used for the quantitative environ-
mental assessment of transportation projects.

There have been a number of developments in adaptation models and stra-
tegic planning technologies in the context of climate change adaptation for the
built environment. These adaptation models are developed to assist governments
and decision makers make appropriate decisions regarding the adaptation of
the built environment to anticipated climate conditions in the future. However,
there is no tool at present that can assist planning and design professionals
estimate the optimal environmental decision from a range of adaptation inter-
ventions and design strategies. Developing such a tool will require incorporating
a comprehensive life-cycle component into the assessment process (Iyer-Raniga
et al. 2012). Iyer-Raniga et al. (2012) present the development of a comprehen-
sive life-cycle focussed design support tool, called BELCADS (Built environment
Life Cycle Assessment Decision Support) tool. The aim of this tool is to provide
a quick assessment of the carbon emission implications of new or existing build-
ings incorporating climate change adaptation measures into their design and
construction. The tool will aid planners and developers in assessing the possible
impacts of building and development options, therefore providing optimal solu-
tions under climate change scenarios (Iyer-Raniga et al. 2012).

Recent advances in the use of virtual building prototypes as a tool to support
various site-based production processes coupled with improvements in context-
aware mobile computing offer significant potential of improving decision mak-
ing during construction phase of a building by providing relevant and timely
access to design and process information (Aziz 2012). Aziz (2012) investigates
the scope and potential for integrating intelligent context-aware interfaces with
sophisticated virtual building prototypes, to provide highly relevant and context-
specific building information to concerned stakeholders throughout the building
life cycle. Architecture to integrate context awareness with virtual building
prototype is presented to allow for integration of context at various levels, and
timely retrieval of building model data is presented (Aziz 2012).
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Likhitruangsilp et al. (2012) developed the Green building Information Man-
agement System (GBIMS). GBIMS is a web-based client-server system designed
to assist all project participants in accessing and retrieving information necessary
for the planning and control of green building projects. Its schema includes two
main components: project life cycle and information. The life cycle of a green
building project was broken down into the three hierarchical levels of stages,
processes, and activities using an adaptation of the OmniClass Construction Clas-
sification System. Important information concerning green building project man-
agement was compiled from the LEED rating system, including credits, project
participants and their roles, certification documents, design and construction
standards, and green materials (Likhitruangsilp et al. 2012).

The new LEED rating system will encourage product manufacturers to begin
with disclosing information about a variety of product attributes, which will in-
fluence the industry’s material selections and lead to more sustainable products
in the marketplace. And, it will give project teams the tools and information to
enable them to make product selections that are optimized across a broad range
of impacts. Use of life-cycle thinking and the expanded approach proposed in
LEED v4 requires reporting or disclosure of information, as well as tools for com-
parative evaluation of materials and products. Reporting allows for evaluation
and comparison, which enables preferential selection, which drives further inno-
vation to create more competitive products with improved profiles (Todd 2013).

Integrated modeling system for bridge asset management to store and analyze
bridge data collected during field inspections is presented. The management of
an existing bridge asset is a multistep process that involves bridge inspectors,
owner/agency for the overall management and maintenance, structural engineers
for rating and design of repairs, fabricators and detailers for execution of repairs.
The described approach is based on the integration of existing commercial bridge
software and Building Information Modeling (BIM) techniques and other appli-
cations to the life cycle management of existing bridge assets. A case study is
presented with an application to a medium span steel truss bridge. The model
used for the truss bridge contains easy-to-reference databases built from record
plans and field inspections data and is integrated with rating and analysis soft-
ware. The use of the model allows the stakeholders to evaluate at various times
different aspects that affect the structural safety of the asset (Dibernardo 2012).

1.12.2. LCA databases

Life-cycle approaches to assessment of materials have been available since the
1990s. Life-cycle thinking addresses major environmental impacts throughout
the complete life cycle of a product, from extraction of raw materials, the pro-
cessing of those materials, manufacturing of the product, transportation, use and
final disposal, reuse or recycling. In Europe and a few other parts of the world,
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manufacturers, regulators, specifiers and consumers in many fields have used life-
cycle information to improve their product selections and product environmental
profiles. Just like nutrition labels in the grocery store, project teams want to
know what’s in the building products they are using. By providing this informa-
tion, innovative manufacturers will gain a competitive advantage in the market,
as they will be differentiated from ‘business as usual’ manufacturers (Todd 2013).

Life cycle assessment (LCA) provides a holistic, science-based analysis method
for decision-makers in all sectors concerning policies, product purchases, process
performance, and education systems. The use of LCA for product and service
analysis is increasing and the demand for life cycle inventory (LCI) data is grow-
ing. The U.S. LCI Database was created and has been publicly available at www.
nrel.gov/lci since 2003. The advantages of such a data source include (U.S. Life
Cycle Inventory Database 2012):

« It provides comprehensive information for policy makers to make consistent

comparisons between policy options regarding environmental decisions.

« It enables better evaluation of environmental opportunities and trade-offs

of alternative product systems.

« Indirect sources of environmental impacts can be addressed in the redesign

of products for better overall environmental performance.

» Legitimate, verifiable environmental market claims can be better

substantiated based on quality LCI data.

+ Environmental hotspots can be identified and targeted for improvement.

It provides input to measure and monetize environmental externalities

through, for example, a cap-and-trade system.

Also, other different built environment life-cycle inventory analysis data-
bases can be found on the Web (Hossain 2013): EPA TRACI (http://www.epa.
gov/nrmrl/std/traci/traci.html), Green Footsteps (http://greenfootstep.org),
NREL LCI Database (https://www.lcacommons.gov/nrel/search), Pharos Frame-
work (http://www.pharosproject.net/framework/index), ecoScorecard (http://
ecoscorecard.com), CORRIM (http://www.corrim.org), University of Bath, In-
ventory of Carbon & Energy (http://perigordvacance.typepad.com/files/inven-
toryofcarbonandenergy.pdf).

Next, we present a few projects implemented in practice; they are applicable
to life cycle energy consumption and carbon dioxide emission of residential
building, green and non-green school buildings.

Rapp B. (2012) research is based on the three types of residential buildings
with framework structures in Beijing: concrete framework construction (CFC),
light-gauge steel framework construction (SFC), and wood framework construc-
tion (WFC). The analysis of the environmental load across the life cycle of the
three types of buildings is conducted using life cycle assessment (LCA) accord-
ing to the protocols of the International Organization for Standardization (ISO)
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14040/44. The functional unit is the three material building designs, which
possess the same function and design plan, and are built in concrete, light-gauge
steel, and light frame wood, inclusive of their respective envelope materials.
Throughout the investigation, the calculations of the environmental load data
of materials, energy consumption, and carbon dioxide (CO,) emissions are com-
prehensively assessed and compared. The study shows that over the life cycle,
the energy consumption of CFC is almost the same as that of SFC, and each of
them is approximately 30% higher than that of WFC. Building use, steel ma-
terial production, cement production, gypsum board production, and material
transport are the main construction activities related to the energy consumption;
the net CO, emission of CFC is 44% higher than that of SFC and 49% higher
than that of WFC. The main source of CO, emission is the use of electricity; its
contributions to the net CO, emissions of WFC, SFC, and CFC are 67%, 64%,
and 44%, respectively. The net CO, emissions in the transport category cannot
be ignored, with proportions amounting to 8%, 12%, and 11% for WFC, SFC,
and CFC, respectively (Rapp et al. 2012).

The main goal of U.S. Green building Council (USGBC) is to create prosperous
and sustainable future through cost-efficient and energy saving green buildings.
Several initiatives and steps have been taken by the USGBC and the construction
industry to promote sustainable, cost-efficient construction practices. To stop
further depletion of fuel energy sources, sustainability has been implemented
on a large scale in such institutional buildings as schools, colleges, universi-
ties. Green buildings are designed to reduce operating costs by reducing energy
consumption, but literature has shown that green buildings can cost more than
non-green buildings. In this study, data were collected on construction cost and
schedule for 30 Green School Buildings (GSB) and 30 Non-Green School Build-
ings (NGSBs) of the Clark County School District (CCSD) in Nevada. Statistical
tests were performed to determine whether there was a significant difference
in construction cost and time of completion between a GSB and an NGSB pro-
ject. The results showed that the construction cost per square feet of a GSB is
significantly higher than that of NGSB. In addition, the construction duration
in building a GSB is significantly greater than that of an NGSB. The findings of
this study will benefit further research on life-cycle cost analysis of green and
non-green buildings (Shrestha, Pushpala 2012).

1.12.3. Vision of Information and Communications technologies
in built environment

The vision in the built environment of information and communications tech-
nologies (underground construction, cities and buildings, materials, networks
and infrastructure, cultural heritage, quality of life, Eurocodes and compilation
of national annexes) — this involves radically reducing the negative effects of the
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lifecycle period of a built environment, saving resources, assuring the quality
of life and widely introducing information, intelligent and telecommunications
technologies that maximally satisfy the needs of all interest groups. Further the
main benchmarks, such as information and communications technologies, are
drawn for an integrated introduction at the built environment level (under-
ground constructions, cities and buildings, materials, networks and infrastruc-
ture, cultural heritage, quality of life, Eurocodes and compilation of national
annexes) for the purpose of increasing its effectiveness.

Five major directions for implementing the vision of information and com-

munications technologies in built environment are deliberated next, as follows:

+ Lithuanian built environment transformation.

+ Construction materials, equipment and machinery.

+ Construction process.

* Built environment and its management.

+ Training, education and experience transference.

The following major objectives are sought for executing the transformation of a
Lithuanian built environment:

+ Wider use of information technology opportunities at three levels (national,
organizational and projects levels).

+ Development of the analysis, modeling and forecasting of the construction
and real estate branch based on an intelligent decision support system.

+ Development and practical application of new business and joint cooperation
models in the ICT area among interest groups.

 Transformation of the construction and real estate branch into a sector that
is based on know-how and instruments in which the entire chain of values
rests on knowledgeability (from a client to a run-of-the-mill employee).

» Development of a base of tacit and explicit information held by Lithuania’s
construction and real estate experts and an information system.

« Expressed demands by interest groups and the needs and demands of
information and communications technologies as quantitative and qualitative
indicators along with the development of an intelligent decision support
system grounded on the applicable storing, processing and analyzing of
such information by the information and instruments for decision-making
and for providing recommendations.

- Retention of closer contacts with residents via electronic discussion forums,
electronic forms and direct access to files by eventually going over to new,
democratic expressions by developing means for interacting with politicians
who represent users and by organizing electronic discussion forums in
which residents and politicians can discuss specific matters, for example,
like forming plans for building up micro-regions and allocating financing
for alternative municipal projects.
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» Development of construction and real estate intelligent decision support
systems grounded on knowledge and instruments.

+ Development of auctions grounded on electronic information.

» Development of a catalogue of Lithuania’s construction and real estate
directives containing the information of interest to the organizations in
the entire construction and real estate branch.

+ Integration of an information system for Lithuania’s construction and real
estate industry such as electronic sales of construction products, exports of
construction products and services, public purchases and other activities of
interest.

» Development of work systems involving intelligent groups consisting of all
interest groups.

+ Development of advanced and integrated methods, models and systems for
the observation, evaluation, forecasting, early establishment and warning,
management, prevention and risk analysis that encompass public information
and readiness relevant to unexpected events, analysis of their impact on business
processes, allocation of their roles and responsibilities in the event of a crisis,
relevant training and competence upgrades and the management of quality and
results.

« Utilization of knowledge, information, telecommunications and satellite
technologies and electronics over the entire lifecycle process of a built
environment.

« Integration of a virtual environment of construction and facilities management
(3D and 4D models) with developed information and instruments grounded
on systems like a digital home or city model containing a virtual walk
through a house or city, modeling levels of street pollution, virtual design
of a building, means for analyzing various technological processes by their
suitability for a specific project in virtual reality, virtual exploitation of
buildings and facilities modeling and analysis as well as on other types of
virtual modeling (indoor climate of a building, features of a fire, energy use,
sound insulation as well as a management system for work safety).

+ Integration of planning a virtual lifecycle for a building (involving integrated
virtual systems for determining the purposes of a building, project planning,
construction, exploitation and facilities management), preparing applications
for competitive bidding and construction management (compiling estimates
during the time of virtual planning, calculating expenses for the exploitation
of a building, applying for a competitive bid and correlating planned
expenses and those actually incurred during construction and others).

The following recommendations reference advanced construction materials,

equipment and machinery incorporated during the time of construction:

« Incorporate automated production lines of construction materials and
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goods in an effort to transfer more construction processes into plants,
thus minimizing the construction processes at construction sites. Semi-
manufacturing of construction materials and goods can be produced
at plants. The variety of modular types of products can be increased by
applying industrialized construction processes. Thereby productivity and
safety at work will increase. Application of such innovations permits
revitalizing buildings faster. Work safety will increase at the construction
site, and the number of accidents will decrease.

« Develop new construction materials using nanotechnologies that reduce
defects in constructions to a minimum by adapting to the climate (climate
control) and lengthening the duration of use to the time when capital
renovation is required.

» Develop a subsystem of intelligent, electronic construction materials and
goods for export involving market research, searches for transactions and
business partners, financial information, legal and technical information,
information about commercial events, special tips and factors operating in
the construction and real estate environment.

+ Industrialize and mechanize construction processes maximally.

« Develop intelligent, robotized construction equipment, machinery and
systems of a new class grounded on interactive information and sensors
(cranes, excavators, pipe fitting equipment, automated welding aggregates
and the like).

+ Develop “intelligent products” such as identification instruments, sensors,
and diagnostic tools, which can transmit information about the state of
the construction process (including deviations from the work completion
schedule or supplies of construction materials and similar situations), the
microclimate, condition of retentive constructions and the like.

There can be a goal to support exports of construction products and services

from an information and analytical perspective. Then the recommendation is to
develop a subsystem of export products and services stemming from the system
of information on Lithuania’s construction. This would assist in generating con-
ditions needed for construction to compete more effectively in world markets,
thereby creating new jobs. A construction products and services export subsys-
tem would assist in accomplishing the following:

* Registering and organizing the documents relevant to exporting construction
products and services.

+ Performing different calculations.

+ Conducting an analysis of various export stages and composite parts (goods
and services, sectors, markets, investments, suppliers, disseminators and so
forth) and establishing effective alternatives.
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+ Searching for alternative credit loans, performing their analysis and
establishing the most effective ones.

+ Drawing up orders, selecting the means for payments, transferring orders,
paying for orders and double-checking payments.

+ Finding needed information.

+ Finding new and expanding existing markets for Lithuania’s goods and
services.

+ Attracting more investments to Lithuania.

+ Reducing business expenses by increasing its effectiveness and quality.

« Entering global markets for goods and services and for credit provisions.

The rational actions to take in the effort to increase the effectiveness of the

construction process would be the following:

« Assure applications in common of construction standards, norms and rules
by exchanging electronic information and their legal validities.

» Develop an information system on Lithuania’s construction.

« Form an intelligent, electronic subsystem on public purchasing.

+ Form an intelligent system for modeling Lithuania’s construction exports
and penetrating foreign markets.

« Form an information system on construction permits intended to supply
public services using a computer and other IT networks (application
admissions, issuance of construction permits, issuance of permits to
continue suspended construction, issuance of approval acts for suitable use
of a structure, issuance of incomplete construction certificates and others).
Then gather, accumulate, process, systematize, store, use data on the state
of construction and state administration of construction in the country from
the signing of the code on designing conditions for preparing the structure
project up to the point when the structure is approved for use. It is also
possible to supply data to governmental institutions and offices as well as
to legal entities and physical persons. Formation of the following basic,
functional and information subsystems are expected: organization of data
on construction permits, compilation and storage of projects for legal acts,
organization of documents and their data, accounting, data provisions to
users, systems administration, regulation of classifiers and data exchanges.

+ Implement the accumulating of electronic data at the construction site
along with their analysis, processing, monitoring and control as well as
recommendation provisions.

+ Establish real-time monitoring systems of the construction process based
on sensors that generate the conditions to know, analyze and monitor the
actual construction situation and deviations from the work schedule and
that provide reports and recommendations in real time in order to complete
the construction on time.
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+ Generate virtual construction environments. Use the latest technologies (3D
and 4D modeling, intelligent instruments, equipment and clothing) to reduce
the number of accidents during construction.

« Install the use of satellites and other communications technologies as
quickly as possible at the construction site.

« Utilize robotic technologies.

+ Integrate the latest information into all construction processes.

+ Use intelligent systems based on the latest information and tools in all
construction processes.

« Increase the responsibility of every employee and encourage effective team
work.

The following primary goals are sought while executing a transformation in

a built environment and its management:

+ Special attention must be paid to satisfying user needs, i.e., execution of a
transformation of a built environment’s lifecycle process must be oriented
towards users and grounded on information and instruments.

« The production and incorporation of intelligent sensors for all built
environment elements generate the conditions needed always to have full
historical information covering all needs.

+ An intelligent decision support system must be formed that is grounded on
information and instruments in an effort to model the effects of pollution
on public health and on the built environment.

A system must be formed to observe the quality of the soil and waterways
(chemical sensors providing real time information about the quality of the
groundwater, the integrated protection of the ground and water from any
critical situation or technologies for drastic changes and so forth).

+ An integrated system of analysis must be formed regarding the lifecycle
effects of structures on the environment (noise and vibration pollution caused
by traffic on the air, soil and water and the like). Such analyses should be
able to model and forecast the negative effects of a built environment on
the overall environment.

+ Systems grounded on information and instruments are constructed in the
effort to improve the lifecycle of a built environment. These utilize the
experiences of numerous experts and the information gained by a full array
of sensors. Consultants on information will assist in implementing a process
of a built environment lifecycle more effectively.

+ An open digital administration is installed when the residents consuming its
services have an opportunity to send official documents electronically. They
are able to watch their own movements through the necessary institutions,
learn post-haste about problems arising and the chances for resolving
them and repeatedly utilize the personal information gained from various
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databases (by using a digital signature) and repeatedly use the most reliable
information.

« Participation by members of the society in decision-making processes
relevant to land use, territorial planning and project designing and land
regeneration and development must be implemented.

« An intelligent subsystem must be formed for issuing electronic land
lot zoning permits, changing land designation permits and electronic
construction permits.

« A multi-functional, computerized, information search system — a Multiple
Listing Service [MLS] — must be installed that encompasses the entire real
estate market for sale or for lease within some specific area (a city, region
or country).

* Real estate transactions can be formed for full or partial implementation
in virtual space using an electronic signature and virtual documentation
arranging technologies.

« A “smart” (or intelligent) home idea for people with serious physical
disabilities must be implemented at the scope of the entire country of
Lithuania. This would provide such people with an opportunity to have
greater independence, thereby bettering their quality of life.

» Mounted implants or small micro chips should be used in the constructions
and elements of structures, which receive and transmit digital information
about the status of some certain element of the building, into the network of
the main computer of the home. Such a system of a structure’s self-control
would permit noticing malfunctions in time for appropriately eliminating
them.

« A system of integrated knowledge about the lifecycle process of a built
environment must be developed.

Societal agreement is needed for implementing an intelligent built environ-
ment transformation. The rational, preparatory work that needs to be done to
realize this purpose is to educate the public-at-large and the experts in this field.
Then the following tasks must be executed:

+ Learning and demonstration centers must be established, where employees
of small and average-sized companies can become familiar on a practical
level with the capabilities of the latest information and Internet technologies.

+ An intelligent system for lifelong learning must be developed providing
employees in the construction and real estate sector with opportunities to
better their qualifications.

+ An intelligent system for lifelong learning must be developed providing
employees in the construction and real estate sector with opportunities to
better their their qualifications by using diverse tools: electronic books,
audio and visual materials, computerized teaching systems, software for a
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specialized field, electronic assignments and jobs, a testing system and the
like. Numerous alternative study programs can be compiled for learners by
selecting the most rational teaching materials.
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CHAPTER 2

FACILITIES AND PROPERTY MANAGEMENT

Natalija LEPKOVA

Property management is the operation of commercial, industrial or residential
real estate. This is much akin to the role of management in any business.

Property management is also the management of personal property, equi-
pment, tooling and physical capital assets that are acquired and used to build,
repair and maintain end item deliverables. Property management involves the
processes, systems and manpower required to manage the life cycle of all acqui-
red property as defined above including acquisition, control, accountability, res-
ponsibility, maintenance, utilization, and disposition.

Technical and social progress in the world, the growth of the human needs,
cause higher requirements on the supervision of the buildings.

At this time in Lithuania there are a lot of buildings: dwelling houses, indus-
trial and public buildings and etc. All this above mentioned property needs to
be supervised, repaired, renovated and modernized and this must be carried out
by the high quality specialists.

Building owners, seeking (trying) to sustain and increase the value of their
buildings are trying to stop the physical and functional depreciation process of
the buildings.

The object of the real estate by its constructive decisions, engineering sys-
tem and the equipment are that much difficult that need professional care and
investments. That are the basic factors that prompted the origin of the Facilities
Management, the separate activity ensuring the satisfaction of the requirements
of the interested parties in this field.

The objects of the management — land, facilities, buildings of various use
(dwelling houses, non-residential houses, industrial and other ones), within the
equipment, furniture and other necessary things.

Facilities Management (FM) is a wide field of the activity, covering the whole
building’s life cycle — the idea of creation, design, construction, exploitation
and demolition and the accomplishment of all other systems related to the real
estate — investments, solicitation in buying or selling, mortgaging and etc.

All buildings are related to many companies and institutions responsible for:
administrating and supervision of the building, heat, cold and hot water sup-
ply, telecommunication facilities, disposal of the domestic garbage, watch in for
plants, the covering of the yards and carriageways, sanitary cleaning and other
ones. That is why there is such a great demand of the specialized companies
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and institutions that could professionally carry out miscellaneous supervision of
the building.

The scientists from foreign countries pay the greatest part of their attention
towards the exploitation of the building, which covers 75% of the expenses com-
ing to the building and they perceive the real necessity in this field.

The subjects of the management are all the parties related to the real estate:
owners, consumers, tenants, investors, professional negotiators, institutions au-
thorized by the government and the other ones.

Facilities Management like any other field of activity, can not do without
clearly defined tasks which is the base line of any factor of the activity.

The system of Facilities Management in Lithuania is only being established
now, meanwhile some developed countries have settled down and are still im-
proving the model of this kind of activity. These countries are looking for the
best ways of the development of Facilities Management and are creating favora-
ble infrastructure of the real estate accordant to the states economical and social
requirements.

2.1. The review of the scientific researches on the Facilities
Management performed in the world

2.1.1. The origin and the analysis of the definition of
the Facilities Management

Facility Management came into existence as a particular activity in the second
part of the 20th century. Facility Management originally entered Europe in mid
1980s from the USA (Tuomela, Puhto 2001). From its first landing into the UK
and the Western Europe, it has slowly entered Scandinavia through the Nether-
lands and then to the Eastern Europe. It may propose an idea that the practises of
the USA and the UK predominantly establish attainments in facility management.
Their established standard, specification and programmes have become bench-
marks for other countries which accept the importance of FM and the importance
to research, standardise and develop the FM function (Maliene et al. 2008).

Is not clear when the profession of FM came into existence. Previously FM
was understood as the maintenance of buildings with engineers systems apply-
ing to all the cycle of life of a building. The 1950s and 1960s were significant
periods for facilities expansion. The post-World War II boom had fuel the need
for FMs and engineers. It is difficult to comprehend the explosive growth in all
areas of FM’s Professional responsibilities (Maliene et al. 2008).

The development of FM formed two different schools: American and British.
In the USA the FM is focused on workplace efficiency and management of the
facilities. Comparing to the British approach, the American FM pays more at-
tention to the technical issues and installations. The main target is the physical
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workplace (Tuomela, Puhto 2001). The British FM focuses on the integrated
services, health and productivity, improvement of the work environment and
employees. The British employee based approach pays relatively less attention
to the technology. The most attention is paid to the core business and employee
support. FM and maintenance services considering healthy environment were
described by Liias and other researches (Liias 2007).

Facility Management is a new field that is why we have to pay special atten-
tion towards the definition of the term “Facilities management”.

“Facilities management” (FM) — there is no direct equivalent nor in Lithu-
anian nor in German language. But time passing by, German scientists and
experts after many intensive researches identify this term with “Die Gebaude-
management”.

The Federation of Russia perceive “Facilities Management” as “upravlenije
nedvizimostju” (the management of real estate), in that way justifying the pos-
sibility of the wider specter of the management.

“Facilities management” originated in the middle of the XX century in the
USA.

The word “Facilities” covers: plots, buildings, gears, the technical servicing
means and infrastructure (Facility Management... 1999).

With the growth of the states economy and establishments, the requirements
of the interested parties became higher too. Especially the necessity of the mod-
ernization of the office equipment and supervising was the basis for this idea
of the management to be found. International Association of Facilities Manage-
ment was found in 1980 in Michigan. Sudden rate of development in 1982 was
the ground for the establishment of The International Facilities Management
Association (IFMA). Nowadays it has over 14 000 members and one of the best-
known organizations in the world.

In Europe the way of the development of Facilities Management was slow
and difficult. The conception of FM was first mentioned by the architecture
Francis Duffy in 1980 in England. And in 1985 Association of Facility Managers
and Institute of Administrative Management/Facilities Management Group (IFM/
FMG) were founded (Zechel 1997).

Later on, the developing of FM was started in Holland, Germany and other
European countries.

Scientists from different foreign countries perceive the object of FM differ-
ently. That is why we need help in orientating in the variety of conceptions, by
creating constructive system of the conceptions, which could help to solve the
practical tasks arising to the manager and other parties involved in FM process.
The necessity of help comprises the conceptions describing interrelations among
various parties one or other way belonging to the field of real estate and to
which the need of the management is directed (Schneider 1996).
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FM in the USA, combined creative, planned, servicing, dynamic functions of
the building and the management supervision fields of activity (Zechel 1997).

In Holland (Tempelmans Plat 1995) the experts of the management describe
FM as the management of the property of the organization (the vitally essence
property). The main goal of the manager is to make the efficient activity of the
organization, to set the complex of all the necessary services, quality and the size
and to render it at the appointed time for the contracted price. Still, there is no
solid opinion on the content of this relative and new field of activity in Holland.

In Germany, which got interested in the achievements in the USA, in the end
of 1980, FM became the public subject of the researches. Many German scien-
tists and experts such as Gerhard Palisek (“The object of Facilities Management”
1988), Walter Moslener (“The Management of the Resources” 1988), Haus Kahl-
en (“Building’s life cycle management” 1989), Martin Ott (“The management of
the real estate objects” 1991), Daniel Frutik and Dietrich Reiblich (“Facilities
Management” 1995) working in this field (Schneider 1996).

The German Facilities Management Association (GEFMA) describes FM (“Die
Gebaudemanagement”) as the conception of complex and strategic planning of
the building’s lifecycle stages. According to this organization, the main goal of
FM is to render the customer all the necessary complex of services, comprising
rational planning of the activity in the buildings, adjusting to the changing needs
aspiring to set favorable conditions for the future development of the efficient
activity of the organization (Schneider 1996).

Wes McGregor ir Danny Shiem-Shim Then define facilities as “The infrastruc-
ture that supports the people in the organization in their endeavours to achieve
business goals” (McGregor, Shiem-Shin 2001). In other words, facilities are the
tools which people in the business have at their disposal to carry out their tasks.

The United States of America Library of Congress provides an initial defini-
tion that is often quoted to explain the breadth of the field of facilities man-
agement: the practice of coordinating the physical workplace with people and
work of the organization; integrates the principles of business administration,
architecture and the behavioral and engineering sciences (Then 1994).

The definition of the International Facility Management Association (IFMA)
(International Facility Management Association 2004), clearly implies that a
major part of facilities management activities is inextricably tied to the provi-
sion and ongoing management of an organization’s real estate assets and its
facilities-related support services, as a productive working environment: Facility
Management is a distinct management function and, as such, involves a well
defined and consistent set of responsibilities. Simply stated, it is management of
a vital asset — the organization’s facilities.

The British Institute of Facilities Management (BIFM) adopts a definition that
emphasizes the multidisciplinary nature of the role of facilities managers, which
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includes extensive responsibilities for providing, maintaining and developing
services ranging from property strategy, space management and communication
infrastructure, to building maintenance, administration and contract manage-
ment: Facilities Management is the integration of multi-disciplinary activities
within the built environment and the management of their impact upon people
and the workplace. Effective Facilities Management is a vital to the success of
an organization by contributing to the delivery of its strategic and operational
objectives (British Institute of Facilities Management 1996a; British Institute of
Facilities Management 1996b).

According to Hinks (Hinks 1998, 1999) building manager must treat FM as
profitableness of the property while seeking the effectiveness of the activity.

One of the most exact definitions of Facility Management (FM) which used by
Becker (1990) is: “Facility Management is a term, which encompass the activities
in planning, designing and managing complex facilities such as offices, hospitals
and schools, differ from architecture and interior design”.

According to Barrett (1998), Facility Management refers to buildings in use,
to the planning, design, management of occupied buildings and their associated
building systems, equipment and furniture to enable and (one hopes) to enhance
the organisation’s ability to meet its business objectives. Facility management
thus refers to organisational effectiveness (Barrett 1998). Facility management
is the process by which an organization ensures that its buildings, systems and
services support core operations and processes as well as contribute to achieving
its strategic objectives in changing conditions (Barrett 1993).

In Jone’s (1996) opinion, Facility management — the process by which an
organization delivers and sustains support services in a quality environment to
meet strategic needs (Jones 1996).

According to Alexander (1997), FM is exploitation and supervision, support
services, furniture, equipment and other things lay out inside of the building.
The scope of the discipline covers all aspects of property, space, environmental
control, health and safety, and support services, and requires that appropriate
control points are established in the organization (Alexander 1997).

In Elastman’s (1993) opinion, FM is a management of space — layout of
furniture, equipment, all communications, management of capital investments
(Elastmas 1993).

Each definition (only in different words) defines these indications of FM
(Smith et al. 2000):

— organizational structure — entity, systematization, coordination, integration;

— process — dynamism, adaptation in changing requirements, flexibility, long-

term advantage, solidity, continuous changes;

— goals — planning of profit and expenses, clearness, the protection of value,

accounting of the significant processes, successful management, potential
usage, preservation of the resources;
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— the activity of managers — strategic, tactical, normative, flexible, orientated
to a particular client.

Summarizing all the above mentioned information, we may assert that FM

(Facilities Management, Das Gebdudemanagement):

— is mostly applied by the organizations and institutions of the construction;

- is not looking for new priorities of the conception because the already
existing ones are widely applied in the principal fields of activity (for
example: by planning);

— combines not only the realization of the particular process but also
preparation and improvement of it, taking into account the requirements
set by the client;

— does not recognize theoretical description of plans in the context of the
new definition (Kahlen 1999).

2.1.2. Facilities Management goals and tasks

The eminent thinker and philosopher Aristotel once said, “Clear goal is the way
to success”.

The goals of FM are real estate planning, construction, supervision and re-
construction. All these above-mentioned factors are unseparatable from the in-
creasing benefit of the building benefit and the reduction of the expenses on
keeping of it.

The benefit of the building is the ensuring of the medical care, wealth and
proper working conditions to the people living in the building.

Expenses the building requires time (for planning, construction, protection
and for renovation), time for the workers and for the natural resources (plot,
construction material, energy and etc.).

The basic goals of FM are (Balabanov 2000):

— Putting into reality the constitutional rights of the citizens to real estate

and the carrying out of the obligations related to the management of it;

—To define specific order and working conditions to the all market
participants;

— Protection from dishonesty and criminal performed by the organizations
or people;

— To set free level of the prices for the real estate objects taking into account
demand and supply;

— To create favorable investment conditions which would stimulate the
activity in the production field;

— Supervision of the ecological environment, stimulation of the economical
growth, reduction of unemployment, solving of problems concerning
dwelling or other similar problems;

— To tax properly real estate and the participants of this market;
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— To create favorable conditions for soling problems concerning dwelling in
the country and in the region.

The basic goal is to reduce expenses on supervision of the building, to extend

the duration of the usage and to preserve the value of the building.

The success of the management can be decided by the exhaustive analysis
on the real estate market together with the needs set by the client. The goal of
FM must be coherent and open to every physical or juridical person involved in
this field of activity (McGregor, Shiem-Shin 2001).

The FM and the services provided consist of these component parts (Swistock
2001):

1. The prophylactic supervision of electricity installation, mechanical,

communal and of other systems of the building and its current repair.

2. The supervision of the building (for example: of household, parcel delivery
and other services).

3. Public utilities, such as electricity, cold and hot water supply, ventilation,
gas and the supervision of all the systems, characteristic to the building,
also cleaning of territory and of the parking places.

The search for value for money has had one important implication for the
whole spectrum of businesses selling products and services of all kinds — the
need to describe (specify), to measure (assess performance) and to quantify
(price) the output (end product). In terms of operational real estate manage-
ment, the response for more effective utilization of built assets has been in three
main areas (McGregor, Shiem-Shin 2001):

1. Strategic evaluation of the real estate portfolio, which has led to the

development of strategic facilities planning in many large organizations.

2. Space management and post-occupancy evaluations, which have been
driven by the need to maximize utilization of the workplace.

3. Premises audits and condition assessments, which have raised the awareness
and need for cost effective, long-term asset management.

These three developments have prompted a number of writers (McGregor,
Shiem-Shin 2001) to stress the need for corporate management to consider
their operational real estate assets as business resources, and to integrate their
consideration within the strategic planning process of the business (McGregor,
Shiem-Shin 2001).

Two aspects that have seen rapid development through the 1990s are
(McGregor, Shiem-Shin 2001):

+ Asset management and maintenance.

+ Space planning and management.

Facilities management systems must be connected with processes and base
of organization strategic plans.
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2.1.3. The interrelation of Facilities Management goals
and the possible changes

Each kind of activity seeks for concrete goals that must have general base in this
way to ensure efficiency of the above-mentioned activity.

Agreeably, FM goal is twofold: financial, economical and immaterial — barren
in monetary sense (sociable, public, on the consideration of charity and etc.)
(Balabanov 2000).

The variations of the management goals are possible in those cases:

+ Realization of tasks at the current time after when they completely justified

itself or when seeking of them is beside the purpose.

+ Changes in the political, social and economical market-led conditions and

setting of other external factors concerning the establishment of law.

+ Change of the owner’s interests and priorities as well as other factors in

various stages of the real estate object lifecycle (Kahlen 1999).

Properly defined Facilities Management goals have to meet these require-
ments:

« Measurability — the qualitative and quantitative evaluation of achieved

tasks degree and goals (considerable and inconsiderable measurement);

+ Reality — stage attainability, including present restrains;

* Precision and concreteness — proper and clear formulation of the content,

size and time (Atkin, Brooks 2009).

2.1.4. Facilities Management process

The structure of facilities management process is shown in Figure 2.1.

FM is the management of space — equipment, furniture and all communica-
tional facilities layout, etc. as well as the management of capital investments
(Elastman 1993).

That is the optimization of the units, such as workplace, equipment and other
ones present in the building. The management of space is very relevant in large-
scale organizations, such like hospitals, universities and other similar ones. The
process of organization activity must be fixed so, that it would be productive,
with less interference and other factors. In order to achieve it the following
information needed:

+ Plans of the building for planning and managing;

+ Electricity and telecommunications diagrams to foresee possible changes;

+ Information presented in tables, showing the exposition of the equipment.

Planning and constant supervision must be performed in order building and
the equipment within to meet the requirements, set by the occupants and by
standards. Building’s supervision is the whole complex of means, which are
used to ensure that the building and its parts would define the fixed mission
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and conditions during the economical or otherwise based period of use (STR
1.12.05:2010). The goal of the supervision to guarantee:

1) the usage of the building and its elements answering to its purpose;

2) the mechanical resistance and stability of the constructions of a building;
3) prevention from fire in the building;
4) save conditions of the use;

5) environmental protection;

6) prevention from noise, vibration;

7) economical usage of energy and preservation of heat within the building;
8) Esthetical interior, exterior and the whole surrounding.

Facilities
Management
Process

Facilities
Management Means

Technical supervision

Exploitation and
renovation of the building

the assignment of space;

the layout of furniture
and other elements;

« the layout of

telecomunicational and

- other related services;

internal changes and
services( the optimal
distrubution of space);

staff;

* security systems;

parking places near
the building.

planning and constant
implementation of supervision;

documents concerning the
whole external exploitation
and the other ones concerning
building itself;

documents concerning

repair of the equipment;
registers of the jottings
madeduring the renovation of
certain parts of the building;
information in tables about
physical state of the materials,
space and the equipment;

the specification of the
equipment.

» repair works;

* renovation and
modernization;

- instructions on work
operations;

» the graphs about the
recommended exploitation
(catalogues);

» finances (on heating,
exploitation and other
related factors).

Figure 2.1. The composite parts of Facilities Management process (Smith et al. 2000)

Supervision works contain:
1) Cleaning of the premises and the whole surrounding;
2) Observation of the building and its elements;
3) Filling in of the journals concerning the supervision of the building and

its elements;

4) Intended time for the usage of the equipment, gear, and elements and etc.;
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5) The prophylactics of engineering systems, coordination of the equipment,

preparation for the heating period and etc. (STR 1.12.05:2010).

The depreciation of the building has a great influence on the process of
exploitation. The depreciation of the building is the deterioration of the build-
ing together with its constructions as well as the deterioration of the designed
features of the equipment (STR 1.12.05:2010). The resources to eliminate the
defects of the elements within the building needed. In order to achieve this,
the documents and journals of observation needed and of course necessary
information. The preservation of the information concerning the process of
Facilities Management and its functions is very complex and the way this
information is structured, collected, processed and presented is appointed ac-
cording to how informative (how much of the information is presented) or
proper for various decisions to make the information is. In turn, it is as a
mean, which can be managed and is an instrument using which the Facilities
Management can be applied. In other words — the proper use of information
and the decisions made with the help of it assure the qualitative control of
Facilities Management.

Properly developed Information Managing System (IMS) ensures qualita-
tive sequence of the process of decision making. Informative reports must have
friendly interface, the equipment of the report must also reflect the needs of the
consumer.

That above-mentioned kind of Information Managing System (IMS) can be
used while managing such types of information:

« Physical resources — place, infrastructure (utility systems), buildings,

resources and the property within the building;

« Supporting services — administration, technical supervision of the property,
security, health, provision, management of parking places, cleaning and
other services;

« Human resources — supervision of the staff, contracts, training and etc.;

+ Information about working activity — documents concerning the process
as well as the ones of financial, contract and of the kind of information
(Alexander 1997).

Software eases the solutions to the problems. Space management software are
based on simple graphics and on the database. Space (planning) management
systems usually cover the decision support systems, which select the best ways of
the space usage, combined with the communications, the distribution of material
and etc. In that way multi-criteria analysis is being made.

Talking from the wider point of view, Facilities Management is made of 4
basic parts: real estate, reconstruction, basic works and space (see Table 2.1)
(Barrett 1993).
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Table 2.1. The basic parts of Facilities Management (Barrett 1993).

Real estate Reconstruction Basic works Space
— the management | — building and its mate- | — planning; - planning of
of property as- rial reconstruction; — architectural design; the capac-
sets; — reconstruction services; | — design of the build- ity;
- choosing of con- | — the reconstruction of ing; - furniture
struction side; decoration; — design of machinery layout;
- layout; — outer reconstruction; and of the electricity; | — use of
— rent; — energy management; — interior design; space;
- management - IT infrastructure; - project management;
utility; — telecommunications — basic works in the
- disposition infrastructure; building
— security infrastructure

Real estate management comprises many fields of business and the fields
of property management can be divided into 5 categories: rent, rent charge,
property supervision, insurance, drawing of the budget and preservation of docu-
ments (Kyle 2000).

Rent is divided into these categories (Kyle 2000):

1. Common rent is the type of rent when a tenant pays the fixed payment

and the lessor pays the rest of expenses.

2. Pure rent is the type of rent when a tenant pays the fixed payment and
the appointed maintenance and property taxes.

3. Partial (percentage) rent — the type of rent when rent payment is usually
expressed by the percentage part of the general incomes of the tenant. This
type of rent is widely used in retailed rent.

Some other conditions like the term for rent, the conditions of the extension
of the contract, insurance, insurance requirements, deposit, keeping of a car,
property maintenance(current repairs) and the other ones related conditions
must be determined.

The fine for the delayed payment for the tenant must also be defined. This
is the way of self-insurance will be comprehensively useful for both sides-the
tenant and the lessor as well. In that way the tenant will be interested to pay
the rent on time in order not to get a fine.

Even if the building is not in use it depreciates: the paint cracks, peels off
and fades, meanwhile the roof is affected by the direct rays of the sun, cold,
rain and snow. When the building is occupied, the usage of it calls out natural
depreciation of some of its elements. Some of the repairs are simply regular and
quite usual and useful, so that the building would be able to carry out its defined
functions. For instance, cleaning of the carpet (cover) makes it not only cleaner
but also more esthetical to look and also extends the period of its usage, because
it is obvious that dirty carpet wears out faster. This kind of supervision is called
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the regular one. Together with the regular supervision, some parts of the build-
ing attract special attention towards itself. For example, air-conditioning system
filters and ventilation hoods need to be cleaned out and changed, and some parts
need to be replaced or smirked. All the above-mentioned proceedings are the
examples of the prophylactic repair (Kyle 2000).

Insurance is one of those kinds of services that are salable and are expected
never to be used. Insurance does not ensure from the idea whether the concrete
event would take place or not, it only guarantees that if this accident would take
place all the suffered losses (taking into account conditions of the insurance con-
tract) will be compensated. Factors that make to insure one are called the risk.

Preparation of the budget is very essential for the owner, because it turns
the purposes into the amount of money and foresees the way of management
and the instruments using which the property owner will be able to evaluate the
success (Kyle 2000). Budget preparation is a common work of the owner and
of the property manager. They have to decide how exhaustive the budget will
be and what period of time it will cover. The detail’s of the budget depends on
the condition of how it will be used. The budget has to be the real estimation
of the expected management results.

Real estate management — is the complex system of the concrete type of real
estate, which meets the requirements of the customer. The main problem that
has to be solved while preparing real estate management system is the formula-
tion of the goals of the above-mentioned systems. For example, the goal of the
builder is taking into account market requirements to build an object that could
be profitably sold or rented.

The customer while obtaining the object of real estate defines for the object
and the deal these requirements:

+ Object must as much as possible satisfy the motivated requirements of the

customer;

 In comparison with the other similar objects the comparative price of the
marketable object must be the lowest (the proportion with the utility of the
basic object or the complex index);

+ Supposed specific expenses for the technical maintenance and repair of the
object during the period of exploitation comparing to similar ones must be
minimal;

» Documents concerning right of ownership as well as the subsidiary ones
have to be thoroughly examined and evaluated legally (Krutik, Gorenburgov
2000).

2.1.5. Suggested conception of Facilities Management

According to the analysis (Facility Management... 1999; Zechel 1997; Schnei-
der, 1996; Tempelmans Plat 1995; McGregor, Shiem-Shin 2001; Then 1994;
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International Facility Management Association 2004; British Institute of Facili-
ties Management 1996a; British Institute of Facilities Management 1996b; Hinks
1998; Hinks 1999; Becker 1990; Barrett 1993; Barrett 1998; Jones 1996; Ale-
xander 1997; Elastman 1993; Smith et al. 2000; Kahlen 1999; Balabanov 2000;
Swistock 2001) of the completed works it is suggested to look at the Facilities
Management as at 4 constituent parts: space management, technical manage-
ment, administrative management and management of other services (see Figure
2.2) (Kaklauskas, Zavadskas 2002).

+ Planning of space and
application to volatile needs;

« The analysis on the need
for equipment, gear,
furniture, inventory and
provision of it;

« Provision of services.

Space management

+ Control of the buildings usage;

* Accounting;

» Management of contracts;

» Employment of the staff;

« Control of the subcon tractors;

» Management of rent and leasing;
» Economics of real estate.

A

Technical management

Facilities
management
components

Administrative management

\ 4

« Exploitation, inspection, repair
and supervision of the systems
and equipment;

« Exploitation, inspection
and repair of the building
constructions and the elements;

+ Energy management.

Management of other services

A 4

* Special services at the request
of customers, i.e. implementation
and management of computers
and their networks, information
and the Internet technologies,
building simulation, consultations
on the energy saving matters, etc.

Figure 2.2 Facilities management components (Kaklauskas, Zavadskas, 2002)

Space management

Space management is conceived as the rendering of services and making effici-

ent operating conditions in the organization.

Space management includes (Kaklauskas, Zavadskas 2002):
- space planning, workplace analysis, removals;
— inventory compilation/updating;
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— main services (e.g. building security, reception, telephone switchboard,
cleaning, snow-clearing service, upkeep of outdoor facilities, gardening
services, plant care in the building, post room, travel office, office service,
central secretarial services, canteen management, removals service, central
archives, courier services, office supplies and safety specialist).

Administrative management
Administrative management includes (Kaklauskas, Zavadskas 2002):

« Control of the buildings usage (drafting and optimization of the budget, co-
ordination of rendering of services, monitoring of contractual commitnens,
transfer and acceptation of thebuilding, supervision of the building and the
parking place, regulation of the documents, repot preparation, improve-
ment of the image);

+ Accounting (rent, extra incomes, taxes, etc.);

« Management of contracts (drafting of contracts and insurance contracts);

« Employment of the staff and control of the subconractors;

+ Management of rent and leasing (preparation of the concept and its practical
implementation).

The technical management
The technical management includes (Kaklauskas, Zavadskas 2002):

« technical operation’s management, maintenance, inspection and repair of
equipment and systems e.g. gas, water, wastewater, heating, ventilation,
cooling, electrical systems, lifts, warehousing systems, automatic doors
and gates, communication, cable and network, security, laundry and dry-
cleaning systems;

+ exploitation, inspection and repair of the building constructions and the
elements;

* energy management.

Management of other services includes (Kaklauskas, Zavadskas 2002):

Special services at the request of customers, i.e. implementation and man-
agement of computers and their networks, information and the internet tech-
nologies, etc.

2.2. Facilities Management quality and price management

2.2.1. Importance of quality management

While exploiting the building the most essential thing is qualitative supervision
of it. Rendered services must be properly organized and managed. According to
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the representatives of Great Britain Service Management Centre (British Institute
of Facilities Management... 1996a, 1996b) service management is general point
of view toward the maintenance of the surrounding area and auxiliary rendering
of the services. Quality Managed Service structure developed by Great Britain’s
Service Management Centre can be defined as the basis of quality for customer,
services, and property management in strategic, tactical and process level. It de-
fines and suggests service the service activity. Quality Managed Services can as-
sure that services meet the organization requirements, increase value, associate
oneself with seeking for goals and decreases business risk. The above-mentioned
services enquire into the processes and link servicing results with the common
quality and customer servicing. Quality management is affected by these factors:

« Management (political, planned, organizational);

 People (motivation, training, usage);

+ Information (collection, preservation, dissemination and usage).

General quality management follows these principles (Barczyk 1999; Sakalas
et al. 2000):

* Quality price;

« Standards;

« Constant improvement

« Management support.

We can look at quality price from different point of view. Short-term point
of view is the one, let’s say decrease of outside window frame painting is the
way of saving. But long-term damage is this that window frames need to be
changed earlier because they were not properly maintained. Another example —
work done wrong at first will need to be repaired later. In those cases customers
complain about services. If work was done properly at once there won’t be extra
costs for the elimination of defects. While looking for ways of work improvement
we can decrease high expenditure. We call these quality expenses. In order to
find out how much the bad quality of organization activity cost, to define which
establishment or organization have bad quality expenses formed in their links, it
is necessary to make bad quality expenses accounting as well as it is important
to analyse these factors. This kind of analysis is important while implementing
quality management projects in order to measure the activity quality develop-
ment level in money.

Analysis of bad quality expenses is impossible without preliminary classifica-
tion of that kind of quality.

Quality expenses comprise two partly different groups: quality management
and failure expenses (Sakalas et al. 2000). Quality management expenses are:
preventive and evaluation. Failure expenses are: Inner loss and outer loss.

Preventive expenses — are the expenses for actions, whose destination is to
bar the way to defects and inadequacy that way to decrease failure and control
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expenses to minimum. There are also typical preventative expenses for: quality
engineering, practical training, quality management systems, prepared according
to international quality management standards, also the ones for implementation
of business perfection model and others (Sakalas et al. 2000).

Evaluation expenses are the ones arising while evaluating the condition of
products and processes, trying to establish whether they satisfy the requirements
or not. The examples of evaluation expenses: project supervision expenses; qual-
ity audit expenses; control, experiments and measurements also acquiring of the
equipment in order to carry out the operations; for quality management systems
and product certifications. We will not suffer failure if the product is made prop-
erly at once (Sakalas et al. 2000).

Examples for inner loss expenses: damaged products and waste; lost time;
repairing and reconstruction expenses.

Examples for outer loss expenses: consumer complaint and investigation of
them, compensations, buyer losses, price reduction expenses. In some newest
literature harm done to the environment and losses of resources in the process
of production are attributed to quality expenses as well.

A.Feigenbaum, after carrying out steady researches, affirms that from 65 to
70% of the quality expenses make inner and outer loss expenses, from 20 to
25% - evaluation expenses and only 5-10% are the preventive expenses. It is a
very bad proportion (Sakalas et al. 2000).

These data shows, that the money spent not productive. If the biggest part of
the money spent on prevention, quality expenses would be reduced to minimum.

Standard - is good from the first time and all service organizations should
reach for it. Not doing from the first time is only a waste o time (of customers
and service providers as well), unnecessary stress, money expenditure and dis-
satisfaction. We should also reach for the keeping to the set standards, such as
ISO and alike, which valid in Lithuania, are fundamental aspects for the estab-
lishments providing services.

Common quality management never ends. Not to mention, how much the
service organization will improve its services, there will always be competitors
whose will also do their best to render services as good and professional as they
can. Constant improvements are the review of the provided services always bas-
ing on some facts. It is also related to the responsibility for the quality of work.
Constant improvement is the main and the most complex part of common qual-
ity management that is why good management support is required here.

Many organizations are already occupied with common quality management,
so service manager’s job is to render help and support while accomplishing
it. Almost all-common quality management principles are just good manage-
ment methods. The problem is the application of the above-mentioned methods,
whether service providing organization has many works, has a small budget or
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the need to attract clients. That are the situations, that make common quality
management essential for the nowadays manager.

Organizations operating buildings have to understand that building supervi-
sion and proper exploitation are the indispensable conditions for keeping the
facilities in good form.

2.2.2. Quality criteria system for Facilities Management
services in Lithuania

Facilities management services quality is expressed by client satisfaction indi-
cators (Atkin, Brooks 2009; EN 15221-3:2008). However, there is a wide gap
between the residential building owners’ perception of facilities management
services and the actual need for them (EN 15221-3:2008). This gap was caused
by the difficulty for the people to see the use of long-term planning as well
as economic motives. In the absence of clear service quality criteria and high-
quality provision of building maintenance services, the consequences remain
obscure for a long time. Real estate owners often insist on saving resources at
the expense of long-term sustainable life-cycle of a building. Nevertheless, due
to its hardly measurable nature, facilities management is often characterized
by a large number of real estate owners as inevitable evil. In the current situa-
tion, valuing the quality of services in terms of client satisfaction would mean
dooming the real estate stock to uncontrollable depreciation and the problems
that would occur would in the long run amount to a social catastrophe. The
drastically depreciated and unfit for use residential area would reduce the liv-
ing standards of the residents and would have strong influence on the state
economy. Self-government as well as non-governmental organizations should
shape and raise consumers’ awareness; however, good practice is still scarce. So
are actually applicable methods of evaluating and presenting the service quality
reasonably to the owners of residential buildings.

In this chapter Natalija Lepkova together with Robertas Uselis (practitioner
from Lithuanian Facilities management company) provide the concept of facili-
ties management services and their delivery in different countries, analyze the
perception of customer satisfaction with facilities management services, examine
consumer assessment of the facilities management service quality, propose a
quality criteria framework for facilities management services, present quality
levels of facilities management services.

2.2.2.1. Facilities Management services in different countries

The FM has widely developed in the last ten years. FM has become more miscel-
laneous, flexible; more polarized towards wishes and requirements of purchasers.
Therefore, today, FM covers old “traditional” ranges and absolute new ranges,
which sometimes could be strongly related to FM (Maliene et al. 2008).
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FM is a typology of contract for services provision, which covers an extremely
wide field of activities. FM encompasses workplace, facility, support services,
property, corporate real estate, and infrastructure. In general, support services
concerning FM range from building operational services, to construction man-
agement, and real-estate activities (Ancarani, Capaldo 2005; Chotipanich 2004).

FM uses different approaches and has distinctive priorities in every particular
country. It is not surprising that there are widely divergent views and interpreta-
tions (Lepkova et al. 2003; Lehtonen, Salonen 2006; Lavy, Shohet 2007; Straub,
Mossel 2007; Kaklauskas, Lepkova 2001; Zavadskas et al. 2001; Zavadskas et al.
2002; Zavadskas et al. 2004; Vilutiene, Zavadskas 2003; Zavadskas, Vilutiene
2004; Jarvan, Liias 2003; Then 2005; Ventovuori 2006; Wang, Xie 2002; Pa-
adam, Liias 2008) of the concept that is used in various countries. Among those
FM is understood in a similar way, but at the same time it may use different
strategies. Consequently, there is yet no consistent definition of the scope of FM
activities (Maliene et al. 2008). EN 15221-1 provides the facilities management
definition as following: integration of processes within an organisation to main-
tain and develop the agreed services which support and improve the effective-
ness of its primary activities (EN 15221-1:2006).

FM services were first provided in the 1950s and 1960s in the USA and they
were fully developed in the 1970s. But it was only in the1980s that such an FM
market developed in Europe (Ancarani, Capaldo 2005; Salaris 2002).

The UK is the most important FM market in Europe. The most frequently
outsourced services are catering, cleaning, waste and recycling, security and hos-
pitality, whilst the services most frequently retained in-house are procurement,
human resources, finance, estate management and business strategy. Facility
managers are consolidating the choice toward performance quality and flexibil-
ity with respect to core business needs, and regard quality of services from sup-
pliers as the most important current issue (Ancarani, Capaldo 2005; BIFM 2004).

Germany and France are also relevant markets. In particular, the German
market is rapidly changing both on the supply and demand sides (Ancarani,
Capaldo 2005).

In Italy, the FM sector developed considerably later, compared to other coun-
tries. The causes for such delay can be found in the peculiarities of the Italian
economic structure, which is strongly biased towards small and medium enter-
prises (SMEs). In particular, such peculiarities do not fit either with a total FM
approach or traditional models based on in-house management of even non-core
services. Nonetheless, during the last 10 years there has been a rapid growth in
the Italian market, due to a diffused trend to outsource non-core activities and
to a process of reorganization of the supply market (Ancarani, Capaldo 2005).

Very important point in Facilities Management field is customer satisfaction
with provided services.
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Companies win or lose based on what percentage of their customers they can
keep. Success is largely about the retention of customers, which again depends
on the customer satisfaction level. It would be a great help to be able to com-
prehensively measure the quality of products and services by relating the meas-
ures of quality to real customer behaviour. Some companies get feedback about
customer satisfaction through the percentage of complaints and some through
non-systematic surveys, but some do not measure customer satisfaction at all,
because “the system would not add anything useful and is very time-consuming”
(Chotipanich 2004).

In the growing service sector there is still the most problematic challenge of
how to deal with service quality. Quality is one of the most expected aspects by
customers of almost all service products (Urban 2009).

For quality regulation the following standards exist in Europe: the ISO 9000
Quality standards (ISO 9001:2008); EN 15221-3: 2008 Facility Management —
Part 3: Guidance how to achieve/ensure quality in Facility Management (EN
15221-3:2008).

Alexander (1996) broadened the concept of facilities management quality and
described it as balancing the surrounding environment and assisting organisa-
tions meet their strategic needs. Quality determines the usefulness of a service to
the user as well as commercial success to the service provider. Due to low qual-
ity, organisations do not only experience moral damage (dissatisfied consumers
and staff) but also material loss. According to scientific estimations, over a third
of costs in service organisations are allocated to error corrections (Bagdoniené,
Hopeniené 2009). Quality assurance has a cost; therefore, it is worthwhile to
increase quality only up to the required level rather than aiming at perfection. It
is necessary to know what level of quality ensures stable condition of a building,
is sufficient to sustain owner satisfaction and the facilities manager competitive
advantage. Measuring the quality of building maintenance services is necessary
not only due to above-mentioned reasons but also in order to break out of a
vicious circle of mistrust (between owners, customer and facility management
service providers).

Different from manufacturing, measurement of quality of complex municipal
services, as of other services, is not intuitive and depends on changing com-
posite qualitative indicators (Parasuraman et al. 1985). The delivery model of
such services differs greatly from the single buyer and single seller model de-
scribed in ISO 9000 standards. Here, in most cases, no tangible product is cre-
ated (Pheng 1996). As a result, measurement indicators must contain adaptive
functions that would change the indicators in the constantly changing situation.
In other words, it is necessary to implement feedback interpretation. It is just
as important for quality indicators to have minimal values, independent of the
owner satisfaction level, which are necessary in order to ensure stable technical
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condition of a building. Moreover, in many cases clients do not wish to partici-
pate in the evaluation of service quality since they are not professionals in the
field. Part of the investment should be assigned to client awareness-raising. A
client‘s feedback on the quality of a service is the most important and crucial
aspect of quality (Aatsalo-Sallinen 2006).

While carrying out further research, adaptive artificial neural network sys-
tems should be applied for quality measurement. Both the client satisfaction in-
dex and the changes in the pricing of building’s lifecycle can serve as a response
to artificial neural networks.

Although global practice indicate client satisfaction as a principal measure
of quality, it is important to introduce an additional dimension of quality that
would be least influenced by consumers in the current Lithuanian market. For
the evaluation of facilities management services a multi-criteria model of the
pricing of a building life-cycle (from construction to demolition) designed by
taking into consideration not only economic but also social factors should be
applied (Zavadskas et al. 2001). Thus it is possible to reduce the importance of
resident satisfaction criterion and to obtain an important qualitative indicator
required in order to preserve the stable condition of a building. The Quality
management system must also encompass operation efficiency measurement.

2.2.2.2. Quality levels of Facilities Management services

Facilities management services can be divided into 4 levels: preventive, cor-
rectional, improving and top quality (ISO 9001:2008; Construction Technical
Regulation STR 1.12.05:2010). Services of the first level are aimed at ensuring
the stable condition of a building and they do not depend on the owners’ desires
or their perceived quality. Most owners of residential buildings in Lithuania do
not wish to receive even the minimal level of services and due to insufficient
state (or private) control and constant inability to meet financial obligations; the
condition of these buildings is constantly deteriorating.

Exemplary quality levels identified by Natalija Lepkova together with Rober-
tas Uselis (practitioner from Lithuanian Facilities management company) (based
on Maslow 2009) are presented in Figure 2.3.

All further quality levels are based on the needs and expectations of the own-
ers. In general the aim of the owners of every building should be to ensure good
quality of facilities management services or, in other words, the increase of real
estate value. Households and tenants would like their buildings to become more
attractive, comfortable, safe and harmonious as well as cost efficient. These in-
tensified requirements, to some extent, have increased the relative importance
of customer satisfaction in the success of FM. These demands also require the
FM companies to monitor the effect and progress of their service (Hui, Zheng
2010).
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Although such attitude has an obvious economic justification, in reality it is
not only economic criteria that determine the owners’ behaviour. In many cases
uncertainty about the future, mistrust as well as lack of savings prevent people
from deciding to invest into the value of their real estate.

Minimal quality Sufficient quality Gosdlarely(iEaah ; )
(stable state of the [ (customer — —— Outstanding quality
N N the real estate 4
structure, I satisfaction, I vl I (prestige)
acceptable risk) minimal risk)

Compliance with laws,
construction regulation
hygiene norms

Ability to contain
emergencies
Preventive and
corrective maintenance
of main structures

Ergonomic

Aesthetic characteristics -
characteristics

Clean environment

Social requirements
(school, transport, store,
workplace)

Prompt accident
liquidation

Innovation, smart
technologies

Energy saving Ecology Physical protection

- . Planning and sustainable 24 hr. availability of the
Provision and control of High personnel fR p
EITE EeTRy SRS qualification development of the building maintenance
building'’s life cycle manager

Constant measurement
of building prm. (air
quality, thermovision:

mprovement of building
parameters (effective
ventilation, heating)

Use of prestigious
materials

Measurement of
building parameters if
needed
Volume control of
services provided by
contractors, suppliers

—)[ Financial accountingj

N2 N N7 N/ R A

Representation of
owners’ property
interests in court

Renewal of morally
depreciated elements

Social responsibility
programs

Telemetric accident and
defect containment
technology

Reliable contractors an
suppliers

Use of quality materials
for maintenance

A R A A A A A

Individual services for
customers

Additional services for
the whole building

Efficient
communication,
pleasant service

“One-stop”/”Single
window” service
provision

elemetric accident and
defect detection
technology

Quality management
system

Insurance of property
and business activities

Figure 2.3. Exemplary quality levels of facilities management services, identified by
Natalija Lepkova and Robertas Uselis based on Maslow 2009 (Lepkova, Uselis 2013)

Minimal Building Maintenance Quality

Due to the situation in the Lithuanian market, the greatest focus will be put
on, namely, measuring minimal building maintenance quality. In the current
situation, minimal quality criteria are left to the competence of employees stat-
ing that an engineer shall know what is to be done, a cleaner shall certainly

and conflicts with clients. On the other hand, no strict building maintenance
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Table 2.2. Facilities management services: influencing factors, constraints, measured
indexes (recommended by Natalija Lepkova and Robertas Uselis), (Lepkova, Uselis 2013)

Service Influencing Constraints Quality indexes
factors
Administration | Internal regula- | Laws, 1. Compliance with obligatory frequency
tions of a build- | standards and efficiency
ing, fiscal and 2. Orderly documentation and finance
monetary policy 3. Positive customer recommendations
4. Bureaucracy (document flow)
characteristics
5. Communication skills
Cleaning Seasons, habits | Hygiene require- | 1. Compliance with obligatory frequency
of residents and | ments, surface 2. Prompt handling of hazardous pollution
visitors cleaning stand- 3. Compliance with surface cleaning
ards. standards
4. Compliance with the cleaning standards
Exploitation Depreciation, Regulations, 1. Service provision based on
defects, damage, | manufacturers recommendation of manufacturers
threat of natural | recommendations | 2. Timely preventive and corrective main-

disaster, third-
party activity

for maintenance,
potentially dan-
gerous equipment
operating rules

tenance

3. Evaluation of the state of the building
by experts

4. Correct assessment of defects

5. Employee qualification

Electrical sys-
tems mainte-
nance

Crime level

Potentially dan-
gerous equipment
operating rules

1. Timeliness
2. Timely measurements, testing

Cold water and | Habits of 1. Timely measurements, testing
wastewater residents and 2. Correct assessment of defects
systems main- | visitors
tenance
Heating and Seasons Laws, heat 1 Timely measurements, testing, mainte-
hot water sys- consumption and | nance checks
tems mainte- supply rules 2. Expert consumption assessment
nance 3. Correct assessment of defects

4. Zero accidents during the cold season
Automated and | Threat of Laws, regulations, | 1. Timely measurements, testing

2

fire protection
systems main-
tenance

natural disaster,
humidity, tem-
perature

standards, quality
manual

. Correct assessment of defects

Maintenance of

Crime level,

Potentially dan-

—

. Timeliness

elevators and habits of gerous equipment | 2. Timely measurements, testing
hoists residents and operating rules
visitors
Waste Habits of Waste handling 1. Amount of waste
collection residents and rules 2. Timely collection

visitors, beliefs,
architectural
layout

3. Sanitary state of equipment
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instructions are present and constructor and manufacturer recommendations
in most cases are considered a commercial secret available exclusively to au-
thorised representatives.

In case of bad economic situation, it is useful to minimaze the scale of
maintenance as much as possible but avoid crossing the limit below which the
building condition deteriorates faster and the economically viable term of use
shortens. Nevertheless, defining absolutely minimum criteria will not be pos-
sible since while reducing the volumes of individual works, the quality of other
services decreases too; therefore, criteria of particular significance shall remain
above the minimum level (Zavadskas et al. 2001). For instance, laying a mud
rug in the staircase might seem a needless waste of money; however, if refused,
it increases the cost for cleaning significantly. In many cases, owners of resi-
dential buildings, in order to save even more, refuse certain services and start
organizing maintenance activity themselves (Law on Apartment Block Owners
Associations, 2012). In the long term, such decision often brings great losses. It
is often the case with cleaning services and surfaces are spoilt due to incorrectly
selected detergents. In the recent years, similar trends occur in terms of heating
system maintenance. The residents lack relevant knowledge of how to ensure
stable condition of a building and a cheap contractor hired does not prepare long
term plans of building exploitation. In order to simplify the information relevant
to the residents of a residential building on minimal building maintenance be-
fore hiring a facilities management services company, the Natalija Lepkova and
Robertas Uselis recommend a control questionnaire. Later, when evaluating the
quality of services of the organization, Natalija Lepkova and Robertas Uselis
recommend applying the assessment criteria presented in Table 2.2.

In order to achieve minimal quality, all the following questions must be an-
swered positively:

1. Does the organization have a collection of legal acts regulating building

management and maintenance?

2. Does the organization have an emergency (accidents, natural disasters)
management plan?

3. Does the organization have sufficient technical and material basis for
solving emergencies?

4. Does the organization have a technical passport (descriptor) of the building?
Are the required construction and equipment monitoring, preventive and
correctional works listed according to the passport?

5. Does the organization have a continual building monitoring plan?

6. Does the organization have a list of critical areas in the building or those
with expired exploitation date and does it carry our continual monitoring
of those?
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7. Does the organization properly fill in the technical maintenance logbooks
of the building? Does the person filling them have proper qualification?
It is important to analyze the thoroughness and documents and photo
material here.

8. Does the organization have the recommendations of the designers,
manufacturers or other organizations with regard to the exploitation and
renovation of the buildings or its parts? Are the employees familiar with
the recommendations?

9. Does the qualification of the employees of the organization meet minimal
requirements?

10. Is the company‘s activity insured?

11. Are the company‘s liquidity criteria good?

12. Does the company have set standards for maintenance and cleaning works?
13. Does the company know the external factors and is capable of managing
internal ones that may have negative influence on quality indicators?

14. Is the hydroinsulative state of partitions continually monitored?

15. Do the building maintenance staff constantly build their qualification?

16. Does the organization have and fill in a logbook of incompliance with
minimal quality requirements?

Conclusions

The authors of this chapter (Natalija Lepkova and Robertas Uselis) identified the
exemplary quality levels of facilities management services, starting from minimal
quality level up to outstanding quality. This level system allows to evaluate the
quality of facility management services.

Authors recommended and described facilities management services influenc-
ing factors, constraints, measurement indexes. These factors have great impact
for facilities management service provision and customer satisfaction with pro-
vided services.

The authors believe that the dossier of every building, which consisting of
technical documentation, energy audits, maintenance logs and plans must also
include assessment of minimum volume and quality of facilities management
services as well criteria used in the process of assessment. The description of
these criteria would increase the transparency of the service and trust towards
companies providing facilities management services.

2.2.3. Study on customer satisfaction with Facilities
Management services in Lithuania

Quality dimensions of FM services have been discussed in section 2.2.2. In
this Chapter the Customer satisfaction measurement and research on customer
satisfaction with facilities management services in Lithuania will be presented.
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Customer satisfaction measurement

Customer satisfaction is the key factor determining how successful an organisa-
tion will be in customer relationships; therefore, it is very important to measure
it (Fe¢ikova 2004).

It is also important to note that (Zairi 2000):

« Satisfied customers are more likely to share their experiences with other
people, even up to five or six people. In the same vein, dissatisfied customers
are more likely to tell ten other people of their unfortunate experience.

« Furthermore, it is important to realise that many customers do not complain,
and this will differ from one industry sector to another.

« Lastly, if people believe that dealing with customer satisfaction/complaints
is costly, they need to realise that it costs as much as 25 per cent more to
recruit new customers.

Satisfied customers are more likely to return to those who have helped them,
and dissatisfied customers are more likely to go elsewhere next time. The key
to organisational survival is the retention of satisfied customers. Loyalty of cus-
tomers is a function of satisfaction, and loyal customers spend more on your
products and services, encourage others to buy from you and believe that what
they buy from you is worth what they pay for it (Fe¢ikova 2004).

Satisfaction measurement approach
If companies want to achieve customer satisfaction, they must measure it, be-
cause “you cannot manage what you cannot measure” (FecCikova 2004).

A customer satisfaction survey is a useful performance measurement format
that should help an organization and its staff to understand a customer’s view-
point of a firm’s performance on a completed project (Rondeau et al. 2006).

The starting points for effectively measuring a customer satisfaction are the
following steps (Fecikova 2004):

1. customer identification;

2. understanding what customer satisfaction includes and what it means;

3. defining what needs to be measured;

4. choosing the measurement method.

These steps will be discussed further.

1. Customers. Customers are the purpose of organizations activities, instead of
their depending on a firm, organizations very much depend on them. Accurate
information about customers enables companies to provide products or services
which match their needs. There are two kinds of customers for processes within
an organisation: external and internal. External customers are the customers in
a marketplace, whereas internal customers are the customers within the corpora-
tion, the employees of the corporation.
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The satisfaction of internal customers (below, the term “employee” is used)
and external customers is seen as a cause-and-effect relationship. Employee sat-
isfaction is the source of excellent quality, because if the organisation satisfies
the needs of its internal customers, it is also enabling its internal customers to
perform their tasks, and the network of organisational units are more adept at
working effectively together to achieve customer satisfaction.

Problems with employee satisfaction (turnover of employees, etc.) lead to
problems with customer satisfaction (Figure 2.4) (Fecikova 2004; Zairi 2000).

Good working Employee
conditions satisfaction
) Employee
High profit loyalty
Customer Croduct of good
loyalty quality
Customer
satisfaction

Figure 2.4. The circle of satisfaction (Fecikova 2004)

Firms can apply their employee management practice to customers. They can
enhance the clarity of customer’s role (customers knowing what is expected of
them), motivation (being motivated to engage in desired behaviours), and ability
(to fulfil their responsibilities).

Managers should carefully select, train and socialize customers, just the same
as the firm would do with respect to its employees. Managers should also pro-
vide customers with empowerment and resources to serve employees or other
customers successfully. Furthermore, firms need to develop and establish ef-
fective mechanisms for controlling customer behaviours. Communication with
customers might be helpful in this respect. Indeed, effective communication
between customers and employees can yield successful customer behaviour man-
agement, because managers can recognize customer needs and expectations bet-
ter (Yi et al. 2011).

2. Satisfaction. Organisations have to know how satisfied customers feel. The
word “satisfaction” is central to many definitions and in a marketing context it
has many meanings (Fecikova 2004):
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— satisfaction is merely the result of “things not going wrong”;

— satisfying the needs and desires of the consumer;

— satisfaction-as-pleasure;

— satisfaction-as-delight;

— customer evaluations of the quality of goods and services.

The most common interpretations reflect the notion that satisfaction is a
feeling which results from a process of evaluating what was received against
that expected, the purchase decision itself and/or the fulfilment of needs/want.

The perception of the word “satisfaction” influences the activities which we
conduct to achieve it.

3. Things to measure. Many organisations identify the level of customer sat-
isfaction through:

— the number of product support problem calls;

— the number of direct complaints by phone, e-mail, etc.;

- the number of returned products and the reason for their return, etc.

This is a measurement of customer dissatisfaction (no satisfaction) and offers
a possibility for the elimination of mistakes, not a possibility for product devel-
opment and product innovation.

Organisations can collect and analyze appropriate data, which will provide
relevant information relating to real customer satisfaction. It is important to
measure the right things, i.e., what is really important to customers. There is
the possibility of wrong specifications or misinterpretations of what a customer
actually wants (the gap between what companies think customers probably want
and what customers really want). The criteria for the measurement of customer
satisfaction must be defined by the customer (Fecikova 2004).

4. Method for measurement. Any method that gathers customer feedback is
good, but for effective measurement, appropriate methodology (description pro-
cesses and measurement scales) needs to be found. The alternative methods to
use include questionnaires (by post, by e-mail), direct interviews, telephone
interviews, marketing research, comparison with competitors (benchmarking)
and so on. The validity and relevance of the data gathered through these meth-
ods also varies.

2.2.4. Survey on Facilities Management companies customers
satisfaction with FM services

To learn the opinions about FM services in Lithuania, a questionnaire was distrib-
uted to customers of one FM company, but, for the sake of confidentiality, neither
the company nor its customers will be disclosed. Nineteen organisations of different
size and from different industries were surveyed during face-to-face meetings and
by e-mail. The results will be discussed below. The survey was fulfilled by Giedré
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Ziikaité-Jefimoviené (was working in Facilities management company) and Na-
talija Lepkova in 2010 (Lepkova, Ziikaité-Jefimoviené 2012).

The first thing to determine was the way customers of the FM company in-
form the latter about failures, emergencies and required services. The customers
have several options: a general phone number, faxing or e-mailing, or direct
communication with the company’s contact person. The frequency distribution
of each method is shown in Figure 2.5 (the respondents were allowed to choose
several options).

3% 10%

@ General phone number
0 E-mail
27% B Fax
B Direct communication
with the contact person

O Other

60% 0%

Figure 2.5. How do you inform the company about the required services
(additional services, failures, emergencies)?

The majority of respondents prefer direct communication with the contact
person and e-mails, only three respondents use the general phone and none re-
ports about the required services or failures by fax. A company’s representative
works in one of the surveyed organisations; the representative is responsible for
the quality of services and current operations.

Since the majority of customers most often communicate with the contact
person directly, they were asked to assess on a five-point scale (1 the lowest,
worst, and 5 the highest, best, score) their possibilities to get through to their
contact person. The scores are shown in Figure 2.6.

The results in Figure 2.6 show that the majority of respondents (13) scored
the possibilities as the best — these customers assured their contact person was
always available when needed. Four customers sometimes had troubles to reach
that person (on holidays or when he/she was occupied); and only one customer
gave 3 points. None gave the lowest scores (1 and 2), so they are not in the
diagram.

The customers were then asked to assess (on a five-point scale) accessibility
to information about the services, as well as about the current repairs, the re-
sponse to accidents and other work underway in the building. Figure 2.7 shows
customer opinions.
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Figure 2.6. Score the possibilities to get through to your contact
person when needed
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Figure 2.7. Assess the accessibility to information about the services,
as well as about the current repairs, the response to accidents and
other work underway in the building

Equal portions of customers (seven in each) gave 4 and 5 points to informa-
tion accessibility and four gave 3 points; the lowest scores (1 and 2) were given
by none. Some customers noted they needed at times to inquire additionally
and missed more detailed descriptions of problems, while one customer desired
better adjustment to its needs because the arrivals to the site or operations hap-
pened without a prior warning and arrangement.

The customers were also asked to assess the comprehensiveness and clarity
of reports about the completed work (also on a five-point scale; Figure 2.8).

Figure 2.8 shows that many customers (7) find the information sufficient,
but others have some remarks: five gave 4 points for the comprehensiveness of
reports, four scored the comprehensiveness with 3 and four with 2 points; the
lowest score was given by none. Customers comment that they often receive the
certificates of additional work which simply state the fact but lack conclusions
as to the reasons of failures, possible solutions, warnings and post-inspection
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tips, more detailed comments and explanations, suggestions of action on differ-
ent occasions and ways to improve the quality and performance of equipment.

2
@3
17%

04

@5

28%

Figure 2.8. Assess the comprehensiveness and clarity of reports
about the completed work

The fifth question attempted to ascertain whether or not the customers would
like to meet their contact person more frequently (Figure 2.9).

32%

O Yes

68%

Figure 2.9. Would you like to have regular meetings with your contact person
(to discuss scheduled and completed work, the results, etc.)?

The majority of respondents (13) were satisfied with meeting their contact
person if needed and did not want regular meetings; six customers, however,
noted they saw the need in such meetings. One customer, which answered this
question with “no”, already had regular meetings and each meeting had been
recorded, thus improved satisfaction with the quality of services and done opera-
tions, as well as with the cooperation with the company, was observable at once.

Customers were also asked to assess the service culture, expertise and knowl-
edge of employees of the FM company. They were asked to score (on a five-point
scale) the administration, the contact person and the technical staff separately.
The scoring of the service culture is shown in Figure 2.10, while that of the
expertise and knowledge in Figure 2.11.
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Figure 2.10. Assess the service culture of employees

Figure 2.10 shows that the majority of the respondents (11) gave the highest
points to the service culture of the administration, four customers gave 4 points
and three customers did not assess claiming their rare communication with
the administration bared them from assessing (their opinion in the diagrams is
shown as 0 points). The lowest points (1, 2 and 3) were given by none.

Fifteen customers scored the contact person’s service culture with the maxi-
mum points, three scored with 4 points and only one gave 3 points; the lowest
points were given by none.
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Figure 2.11. Assess the expertise and knowledge of the employees

The biggest portion of remarks from the customers came for the technical
staff (some complained about unnecessary comments from workers or were dis-
satisfied with their behaviour), the overall opinion about the service culture,
however, was positive: eight customers gave 5 points, nine customers gave 4
points, only one gave 3 points and one customer declined assessing on the
grounds it had no personal contacts with the technical staff.

Twelve customers assessed the administration’s expertise positively: seven
with 5 points and five with 4 points. Seven customers stated they could not
assess because of rare meetings (their opinion is shown as 0 points in the dia-
grams).
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Eleven customers were fully satisfied with the knowledge of their contact person,
seven respondents gave 4 points and only one gave 3 points. The lowest scores (1
and 2) were given by none.

The scores given to the knowledge of the technical staff vary more: nine cus-
tomers gave the highest score, six gave 4 points, two gave 3 points, one gave 2
points and one customer did not assess. The customer who gave 2 points to the
expertise of the technical staff expressed a wish the staff would try to find out
the specific requirements applicable to operations in its organisation because
often the work failed to meet certain norms and needed redoing.

The survey also attempted to ascertain the customer opinions about the qual-
ity of services (Question 8). All services offered by the company were listed and
the customers were asked to assess on a five-point scale the specific services they
receive. The results are summarised in Table 2.3.

Table 2.3. The assessment of the quality of services

1 2 3

Facilities management 1

PVS (remote facilities management system) 1 1

Microclimate laboratory

Energy-saving 2 1 1

Technical support for engineering facilities 4

N ||

Maintenance of oil and fat traps 2

R RO |lRrO|N| WU

Maintenance of lifts

Maintenance of car parks

Cleaning of grounds

Cleaning of indoor premises

Waste disposal

Replacement of entrance mats

Woodworks

HIWIN|IN[FR|=|DN

Other: maintenance of electric facilities

Other: minor repairs 1

Table 2.3 shows that the customers are not dissatisfied with the rendered
services: most gave the best scores (4 or 5 points), with exceptional praises to
the microclimate laboratory. Six respondents gave the lowest scores (1 and 2
points) to the PVS, energy-saving services and the maintenance of oil and fat
traps without giving any particular reasons of such assessment, thus it is difficult
to gather whether the services are indeed of poor quality or just at variance with
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the customer’s needs and expectations (all the more so when the other respond-
ents scored the same services higher).

Asked to name specific services the quality of which, in their opinion, most
needed improving, customers often noted their expectations to see the company
as the initiator of energy-saving and to get more tips hereof; they also expected
general suggestions about the ways to improve the weaknesses of their build-
ings and to optimise the performance of the equipment - instead of asking for
services and solutions, customers wanted the company to be proactive and offer
them. Some also criticised the services rendered through subcontractors — cus-
tomers wanted better control of them to ensure the fulfilment of all contractual
obligations.

In order to consider customer needs they were also asked whether they want-
ed any new services. Only a few respondents replied positively and named very
specific services:

— maintenance of low voltages;

— configuration of the HVAC control and monitoring system, controllers and

frequency transducers; inspection and calibration of HVAC sensors;

— maintenance of the tenants’ cars (insurance, repair-shops).

In terms of future perspectives, each company needs to know what to expect
from its customers, thus the survey ended with several questions that might
help to assess possible actions of the customers and the perspectives of further
cooperation.

First, they were asked to assess the cooperation with the company on a five-
point scale (Figure 2.12).

Figure 2.12 shows that the majority of the customers were fully satisfied:
eight gave 5 points, nine gave 4 points and only a couple scored the coopera-
tion with 3 points (none scored with 1 and 2 points, thus they are not in the
diagram). The lower scores were given for the aforesaid lack of the company’s
pro-activeness.

11%

42%
O3

o4
Es

47%

Figure 2.12. Please assess the cooperation with the company
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The customers were then asked whether they were willing to recommend
this company to others (Figure 2.13). Eight respondents were absolutely sure
they would (5 points for the likelihood), six gave 4 points, three gave 3 points
and two gave 1 point. One of the customers who scored the likelihood with the
lowest score was not sure whether it would recommend this particular com-
pany, and the other thought it more sensible at the moment (when quite a few
organisations are short of money) to employ a person in charge of the facilities
management rather than to hire a company. One of the customers which gave 3
points noted its inclination to recommend the company depended on the services
important to the inquiring party.

[miy]

41% 16%

m2
m3
o4
ms

32%
Figure 2.13. Would you recommend the company to others?

Question 10 asked the customers to state the degree, they believe, facilities
management services contribute to their success (Figure 2.14).

5%

H2
Z3
04

42%

g5

42%

Figure 2.14. How much, in your opinion, facilities management services are impor-
tant to your company (activities)?

The majority of the respondents realise that the facilities management is an
important contributor to their operating success and is part and parcel of their ac-
tivities: the same number of respondents (8 in each case) gave the highest points
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(5 and 4). Two customers gave 3 points and one gave 2 points. None claimed that
such services did not have anything in common with daily activities.

Finally, the customers were asked whether or not they intend to decline any
of the services in the nearest future. Only two respondents admitted such in-
tentions and said they were keen to decline the full set of services in favour of
a more alluring offer from another company (none of the customers said they
constantly received offers from other facilities management companies) and in
desire to save up; several other customers, speculating on things that could force
them to terminate their cooperation with the company, also gave the same pos-
sible reasons to decline the services.

The results of this survey suggest that the customers of this particular com-
pany are satisfied with the services and their quality — the best scores (4 and 5
points) dominate. Those customers who give lower scores also state their rea-
sons. Notably, customer satisfaction improves with regular meetings, also with
chances to provide feedback, get answers and explanations — it can be employed
for serving the customers better and improving their loyalty. The company’s
response and follow-up actions are also very important: it ought to consider
customer feedback and requests and to take steps eliminating the causes of poor
quality. It is equally important to make sure this survey is not a one-off event
and to survey customer opinions on a regular basis in order to monitor com-
pany’s progress and adjust to changing customer needs better.

Conclusions

The survey of service providers suggests that Lithuanian companies realise the
importance of customer satisfaction as a key to successful operation, too. They
ask customer opinions and do not ignore the complaints, because they believe
customer satisfaction surveys are an important tool that helps to determine pos-
sible improvements and the potential of services to analyse the performance and
to assess corporate activities from the customer’s perspective — all leading to
achievement of the main operating goals of the company. Notably, a customer
survey is not enough: a broader dissemination of the survey data is required,
because more often than not only the top managers discuss the results while
each employee must be in the know of customer opinions and seek to achieve
their satisfaction.

The surveyed customers of facilities management services stated their satis-
faction with the services and although they might have a few remarks on the
quality of some work, they have an overall positive opinion about their coop-
eration with the company. The main suggestion to the company is to consider
the customer remarks and carry out regular surveys of their opinions in order
to accommodate customer needs, to determine customer expectations and thus
to improve their loyalty.
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2.3. Application of nominal group technique for Facilities
Management in Lithuania

Nowadays decisions are no more taken by one decision maker, but by a group
of people, called the stakeholders.

The term Decision-making is used in various disciplines. First of all we should
talk about economics, where users and producers study deliberate and rational
usage of resources problems. It is considered that people have inside themselves
“the inner scales”, using which the attractiveness (utility) of various objects can
be balanced. Economics set rational rules of mans behaviour while solving prob-
lems concerning option (Nejman D. Fon, Morgenshtern 1970; Larichev 2000).

The term Decision-making is also applied in cognitive psychology (Solso 1995).
Psychologists research the peculiarities of information handling system of a man.
Hypotheses about how human memory affects processes concerning decision-
making are also widely researched. With the help of many experiments psycholo-
gists try to test the possibility of human confines while solving problems of choice.

One of the fundamental objects of research in political sciences is the deci-
sion-making mechanism of political leader (Naylor 1984).

Decision-making — is one of the fundamental terms used in operation research
science directions (Ventcel 1980).

This term can also be found in other branches of science: applied math-
ematics, zoology and other ones. The admissions of solution in many science
disciplines are well founded. The basic emphasis of these problems is man’s
decision to select one solution from several possible ones. The fundamental
object of decision-making theory is the research of the process of ones choice.
This branch of science analyses how a man makes decisions and how the help
has to be rendered while establishing special methods or computer systems
(Larichev 2000).

So decision-making is an applied scientific discipline and while developing it
the main part goes to the partitions that help people to solve problems related
with choice.

By solving problems concerning facilities management and the decision-mak-
ing by the group of specialists, the Nominal Group Technique will be presented
(Brauers, Lepkova 2003).

2.3.1. Nominal methods

Questionnaires, Referenda, Delphi and Nominal Group Technique are Nominal
Methods, i.e. the face-to-face dialogue is absent in order to decrease subjective
influence.

Questionnaires fail, if broad issues are involved. Indeed the Steering Group
may influence the opinions through its phrasing of the questions. Opinions can
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also be too divergent for a consensus to be reached. The steering group may well
make too subjective a summary when analyzing the questionnaires.

Referenda, as a direct vote of people, may fail also, if broad issues are in-
volved.

Delphi method. In broad problems the range of expertise required is not
likely to be provided by one individual.

Round-table discussions show:

— failure to make assumptions and reasoning explicit;

— “bandwagon” effects;

— unwillingness to publicly expressed opinions;

— passionate debating.

Questionnaires fail when broad issues are posed. The opinions are too diver-
gent to reach a consensus.

Delphi tries to improve either the committee or the questionnaire approach.

The Delphi method is a method for obtaining and processing judgmental
data. It consists of a sequenced program of interrogation (in session or by mail)
interspersed with feedback of persons interested in the issue while everything is
conducted through a steering group.

This method is better because it eliminates the other disadvantages because of:

— Quantitative treatment;

— Expert knowledge;

— Anonymity;

— Convergence.

Delphi in its present form was first used by Dalkey and Helmer at RAND
Corporation around 1953 (Dalkey, Helmer 1963; Brauers, Lepkova 2003).

The essential features of Delphi method are:

— A group of especially knowledgeable individuals (experts).

— Inputs with a singular meaning and quantitative as much as possible.

— The opinions about the inputs are evaluated with statistical indexes.

— Feedback of the statistical indexes with request for re-estimation also after
consideration of reasons for extreme positions.

— The sources of each input are treated anonymously.

— Two developments: meetings and questionnaires. The organization
of a meeting produced quicker results; the meeting however has to be
organized in such a way that communication between the panel members
is impossible (on-line computer with desk terminals and television screen,
computer controlled feedback).

Disadvantages of Delphi method:

— Too long certainty with the questionnaire approach.

— Costly.
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Nominal Group Technique. A. L. Delbecq, A. H. Van De Ven, D. H. Gustaf-
son initiated this technique (Delbecq et al. 1975; Gill et al. 1981; Delbecq 1983,
Delbecq et al. 1986).

Similar to the Delphi method, the Nominal Group Technique is a method for
obtaining and processing judgmental data. A group of especially knowledgeable
individuals (experts), representing all stakeholders, is formed which comes to-
gether in a closed meeting at least during half a day. Out of experience the group
is composed of at least eighteen individuals. This group is conducted through
a steering group or a panel leader. The nominal group technique consists of a
sequence of steps each of which has been designed to achieve a specific purpose
(Brauers 1987):

1. The problem to be researched is carefully phrased by the steering group or
by the panel leader as a question, which will stimulate creative thinking.
Much of the success of the technique hinges around a well-phrased
question. Otherwise, the exercise can easily yield a collection of truisms
and obvious statements. A successful question is quite specific and refers
to real problems. The question has to have a singular meaning and a
quantitative form as much as possible.

2. The panel leader explains the technique to the assembled group of
participants and they are asked to generate and write down ideas about
the problem under examination. These ideas have to have also a singular
meaning and a quantitative form as much as possible. Participants are not
speaking to each other.

These conditions last for twenty minutes.

3. Each person in a “round-robin fashion” produces one idea of his own list
and eventually gives further details. Other rounds are organized until all
ideas are recorded.

4. The steering group or the panel leader will discuss with the participants
about the overlapping of the ideas and the final wording of the ideas.

5. The nominal voting consists of the selection of priorities rating by each
participant separately, while the outcome is the totality of the individual
votes. A usual procedure consists of the choice by each participant of the
n best ideas from his point of view with the best idea receiving n points
and the lowest one point. All the points of the group are added up and a
ranking is the democratic result for the whole group.

6. Out of experience one may say that there is still much wishful thinking,
even between experts. Therefore, the group is also questioned about the
probability of occurrence of the event. In this way, they become more
critical even about their own ideas. The probability of the group is found
as the median of the individual probabilities.
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7. Finally, the group rating (R) is multiplied with the group probability (P) in
order to obtain the effectiveness rate of the event (E): R X P = E.
Once again, the effectiveness rates of the group are ordered by ranking.
Advantages and disadvantages of the Nominal Group Technique:
1. Faster and less costly then Delphi.
2. No convergence, but final voting.
3. In this way Nominal Group Technique can be used:
— For a quick result
— As a preliminary version of Delphi (Brauers, Lepkova 2003).

2.3.2. Application of Nominal Group Technique for the solutions
to problems concerning Facilities Management

In order to show how the Nominal Group technique is applied, the experiment
was made at Vilnius Gediminas Technical University (October 15, 2002).

The main purpose was to show how this technique is applied for the concrete
problem and also to show its working principles.

As the experts the specialists of Facilities management and representatives
from Ministries and scientists took part in the experiment (see Table 2.4) (Brau-
ers, Lepkova 2003).

Table 2.4. The composition of the group of experts took part in the seminar
“Application of Nominal Group Technique to Facilities Management”
(October 15, 2002, at Vilnius Gediminas Technical University) (Brauers, Lepkova 2003)

Name of the represented company Number of members

JSC ,,Valymo sistemos” 4

JSC ,Rubrikon apskaitos sistemos”

JSC ,,Ogmios centras”

JSC , Deltima”

Vilnius Gediminas Technical University

The Ministry of Defence

2
2
1
3
2
1

The Ministry of Environment of the Republic of Lithuania

The steering group was composed of Prof. Dr. W. K. Brauers (University of
Antwerp, Belgium) and on that time PhD student N.Lepkova (now Associate
Prof. Dr., Vilnius Gediminas Technical University). Panel leader, directing the
exercise, was Prof. Dr. W. K. Brauers.

During the experiment the following question was asked:

“Which events will the most influence the business outlook of the facilities sector
of Lithuania in the following ten years”?
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Table 2.5. Important Events influencing the Business Outlook of the Facilities Sector of
Lithuania over the period 2003-2012 (ranked after importance) (Brauers, Lepkova 2003)

Rank Name of event Given points| Rank Media E =R | Final
R probabilities P x P rank

1 Member of European Union 37 1 0,75 27,75 1
Large increase in foreign capital 20 2 0,75 15 2

3 More competition between facilities | 16 3 0,88 14,08 3
management companies

4 Large increase in GDP 16 3 0,75 12 4

5 New materials and technologies 12 6 0,75 9 5

6 Stability in international security 14 5 0,50 6

7 Higher quality in building 8 11 0,75 7
construction

8 Application of new information 9 9 0,63 5,67 8
technologies to facilities manage-
ment

8 More relations with foreign com- 9 9 0,63 5,67 8

panies having more experience in
facilities management

10 Better legislation in supervision 11 7 0,5 5,5 10
sector

11 Optimal quality-price relation for 7 13 0,75 5,25 11
services

12 Better public estimation for facilities| 8 11 0,63 5,04 12
management

13 Increase of the cost of living 10 8 0,50 5 13

14 Positive influence of the laws in 6 16 0,75 4,5 14
favour of facilities management

15 Higher qualification of the staff in 5 20 0,75 3,75 15
facilities management

16 Change taxation for buying and sell-| 7 13 0,50 3,5 16
ing property

17 Higher demand for construction 6 16 0,5 3 17

17 Higher level of education 6 16 0,50 3 17

19 International exchanges between 7 13 0,25 1,75 19
students of facilities management

20 Increase of industrial sector and 6 16 0,25 1,5 20
decrease of agricultural sector

21 Improvement of sanitary services 4 21 0,25 1 21

22 Increase of individual property of 1 22 0,25 0,25 22
housing

Each participant made the list of events to his mind, which could affect Facili-
ties Management in Lithuania in the following ten years. Each event was named
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and discussed with the experiment leaders. Later each participant has chosen
the most important five events from his point of view, with the most important
event receiving five points and the less important event one point.

Events, named during the experiment (22 on the whole) are shown in Table
2.5, also the intermediate data of the experiment is presented (Brauers, Lepkova
2003).

The results of the Nominal Group Technique by a group of especially knowl-
edgeable persons around the Facilities Sector are extremely interesting.

Nineteen % of all the voting points go to the event called “Membership of the
European Union”, which indeed will not only influence the Business Outlook of
the Facilities Sector, but the Economic Outlook of Lithuania itself.

Concerning international trade, perhaps not so much will change for the
ten new members of the European Union. Indeed, they were already part of a
European Free Trade Zone with a large possibility for European international
trade. Lithuania may form an exception as being, until now from the ten new
members, the less dependent from trade with the European Union, see Table 2.6
(Brauers, Lepkova 2003).

Table 2.6. Comparison of indicators concerning Lithuania for the year 2001? (Com-
mission of the European Union 2001)

Attributes E.U. Lithuania Last Country
G.D.P/Capita (in Euro) 23,200 | 8,700 Latvia 7,700
AG.D.P. % 1.7 5.9 Malta -0.8
Unemployment % 7.6 16.5 Slovakia 19.4
Inflation % 2(2.3) | 3.3 Hungary 12.4
Exports to E.U. (%) - 47.8 Malta 41.3
Imports from E.U. (%) - 44.0 Lithuania
Agriculture (% of G.D.p)? 7.0 Lithuania
Agriculture (% of Employment) 16.5 Poland 19.2

3 Source: Commission of the European Union. Report about the ten countries, candidate
members of the European Union. The figures are standardised after the E.U. norms.

) High figures in agriculture mark a country as being less developed, certainly when the % of
employment in agriculture is high.

A low productivity in agriculture occurs if the percentage of agriculture in GDP is smaller than
the percentage of employment.

In Poland productivity in agriculture is extremely low. With 19,2% of the population only
3,4% of GDP is realized in agriculture.

More important for the ten new member countries will be that in the long
run more and more interest will be shown for investment in these countries.
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Therefore, the experts of the Nominal Group Technique could be right to rank
second a large increase in foreign capital. A positive consequence could be a
large increase in Gross Domestic Product (rank 4), together with a negative one:
an increase in the cost of living (rank 13). This last consequence could look
strange. It is interesting to develop this point a bit further.

Furthermore, the facilities sector is aware of its other problems in the future:

— new materials and technologies

— higher quality in building construction

— application of new information technologies

— more relations with foreign companies having more experience in facilities

management (does this mean possible mergers?)

— better legislation in supervision sector

— optimal quality—price relation for services

— better public estimation for facilities management

- positive influence of the laws in favour of facilities management

— higher qualification of the staff

- a change in taxation for buying and selling property

— higher demand for new construction

- international exchange of students in facilities management, etc.

The Nominal Group Technique for the Facilities Sector gave inspiration for
going a step further, namely for writing down scenarios for the medium and the
long term (Brauers, Lepkova 2003).

2.3.3. Scenarios about the future of the Facilities Sector

Three scenarios are foreseen for the period 2003-2012: the Fifth Resource Sce-
nario, the Scenario of the Status Quo and the Cut Throat Competition Scenario
(a World or a European war are assumed not to happen) (Brauers 1987; Brauers
1976).

1. The Fifth Resource Scenario

Foreign direct investments will come to Lithuania. They may find indus-
trial zones with ready premises. However, they want more and they like to
decide themselves on location. This is the moment that the fifth resource beside
the resources of people, technology, information and capital, comes fully alive,
namely the management of the Corporate Real Estate Assets. New companies will
respond to this demand. These new companies of real estate assets management
will look after space (location), design of the buildings, construction, repara-
tions, maintenance, waste management and eventually demolition. They will
look after the direct investments so to say “from the cradle until the grave”. This
has to happen in the most effective way, i.e. with an Optimal Multiple Objective
Utility. In this way the foreign firms can look for an optimal Multiple Objective
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Utility for their People, Technology, Information and Capital, but also for their
Corporate Real Assets.

2. The Status Quo Scenario

In this scenario, the situation in the facilities sector does not change. A set of
small firms will remain operative in the facilities sector of Lithuania. By compe-
tition, aging, disagreement, etc. some small firms will disappear, but new ones
will take their place.

3. The Cut Throat Competitive Scenario

In the Cut Throat Competitive Scenario the consequences of the “Balassa —
Samuelson Effect” will fully play. The productivity in the new member countries
of the European Union will rise in the internationally traded sectors. The result
is an increase in wages. The more national services have to raise their wages
too, without an increase in productivity of the same size. This increase in wages
will have an inflation effect in the country.

The Facilities Sector in Lithuania will fully undergo that influence. If it in-
creases its prices, together with the other not internationally traded services,
inflation will go up in Lithuania and ipso facto the cost of living will rise.

Instead of increase in prices, diminution of quality of its services forms an-
other alternative for the facilities sector. At that moment cut throat competition
between the facilities management companies will occur. In this struggle for life,
only the fittest will survive. It is also the moment that mala fide companies will
appear, which will exploit the customers as much as possible (Brauers, Lepkova
2003).

The same experiment was conducted with the group of master level students
at VGTU in 2015 April. During the experiment the following question was asked:

“Which events will the most influence the business outlook of the facilities sector
of Lithuania in the following ten years™?

The students were all working persons in Construction and Real Estate in-
dustry.

The differences from previous research were following:

1. Lithuanian already joined EU in 2004 and introduced euro as national

currency in 2015 January 1.

2. A lot of legal acts of EU were adopted to Lithuania.

3. The competition between facilities management companies became more

strong.

4. Few international facilities management companies came into the

Lithuanian market.

5. The home owners’ associations federation of Republic of Lithuania was

established.

6. Apartment House Owners’ Association of Vilnius city was established.

The results are shown in Table 2.7.
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As can be seen from Table 2.7, the first place took possible changes in leg-
islation of Lithuania, and this is influenced by a lot of factors, also becoming a
member of EU.

2.4. Suggested Facilities Management complex analysis model

2.4.1.Facilities Management Process complex analysis model

In order to design and realize efficient Facilities Management process it is neces-
sary to concern of its rationality starting with the determination of goals ending
with their end of realization. Facilities Management process must be designed
and implemented taking into account goals of the interested parties involved in
this process, also possibilities and external micro- and macro-level environment
that affects Facilities Management efficiency (Lepkova 2003).

Seeking to implement those tasks Facilities Management process complex
analysis model was established (following the ideas of many authors), that com-
prises Facilities Management and the interested groups (involved in this sector)
operating and trying to implement their goals also external environment, as a
whole variant design, multiple-criteria analysis and determination of the effec-
tive variants, options (see Figure 2.15). This model is described in short.

Facilities management process consists of those between related stages: goal
establishment, information collection, activity planning as well as its assurance,
implementation and supervision.

While defining goals users or other interested groups together with build-
ing owners define main goals and their ways of implementation. While defin-
ing goals problems concerning buildings and management of them, supervision
funding and other ones of similar manner are formulated.

The second stage is the collection of the exhaustive information necessary for
the desirable problem to be solved.

Taking into account the user or other interested groups made requirements
and influence of micro and macro environment, some alternatives are set. In
the process of version examinations (researches) variant planning and Facilities
Management multiple-criteria analysis, taking into account earlier accomplished
analogical version experience and seeking for the interest groups to coordinate
between themselves their actions. In the process of defining of goals and imple-
mentation of them, politics of the building supervision, usage, renovation and
also the ways to implement the above-mentioned factors that could assure the
problems concerning building usage will be solved attentively from the begin-
ning of goal setting, are also the matters that have to be formed.
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Figure 2.15. Complex analysis model of Facilities Management process
(Lepkova 2003)

Facilities Management process can be made of many other alternative vari-
ations. They are made of the alternative goal definition, information collection,
processes of activity planning and supervision and of their composite parts, etc.
These solutions and processes can be examined in more detail.

Interested groups (see Figure 2.16) acting reciprocally between themselves
for a log time also take part in all the above — mentioned processes.
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In daily routine, FM managers, suppliers, building usage and supervision spe-

cialists form and analyze alternative decisions differently affecting decisions made
by other specialists and general Facilities Management efficiency (Lepkova 2003).

Financial
institutions

Buildings
owners

Users-tenants

Interested groups

Facilities
management
managers

Facilities

management
ogranizations

Figure 2.16. Interested groups involved in Facilities Management process
(Lepkova 2003)

FM managers are interested in architectural, aesthetical, volumetric-planned
building solutions, assurance of building strength and stability, prevention from
noise, assurance of comfort conditions (temperature, relative moisture, natural
light, protection from noise) rational engineering systems (heating, ventilation,
water supply, sewerage, relations, automatics) regulation and maintenance; hy-
giene specialists are interested in pollution, structural decisions harm made
to health, establishment; economists are interested in building price, usage ex-
penses, taxes, insurance, loan interest norm, price change tendencies, quality
level (social, technical, economical indexes); building supervision organizations
are interested in efficient technology, organization and management methods
and their application; exploitation specialist — in effective building use, supervi-
sion and renovation. In the process of Facilities Management alternative choice,
different specialist present different information about the same examined ver-
sion and makes the whole, comprehensively describing Facilities Management
Process efficiency.

One of the fundamental tasks trying to increase FM process efficiency is the
carrying out of the exact requirements set by the interested groups.

Interested groups always achieve many goals, and sometimes goals of one
group are incompatible with the ones of the other. In order to avoid arguments
of no meaning it is important to coordinate aspired goals of all interested groups,
so that Facilities Management process would be efficient.
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Interested groups take part in the main FM process stages, that’s why they
have close interaction, and as only the whole (FM process stages and interested
groups) reach the efficiency of the process it is necessary to establish variant
planning and complex analysis.

Facilities management process efficiency depends on separate stages and the
degree of solution rationality, external micro- and macro-environment and the
level of the implementation of the defined goals, set by the interest groups. As
you can see, the object of research made of few composite parts is rather dif-
ficult. For the establishment of rational alternative for Facilities Management
process the complex analysis model of FM was created (see Figure 2.15). Taking
into account this model it is possible to compose a lot of alternative variants,
as well as to evaluate them and choose the most efficient one. Variety of solu-
tion helps rationally and more really to evaluate the risk, supervision conditions
and to meet the requirements of the interested groups involved in this process
(Lepkova 2003)

2.4.2. Creation of criteria systems comprehensively describing
facilities management process

When creating criteria system of FM process reference was made to authors and
their ideas. It is related with this that interested groups goals and the criteria
system describing FM alternatives, in some way is rather subjective, so in order
to increase the degree of objectivity of that system, we had to refer to the ideas
of specialists involved in that field.

For example, criteria system relatively speaking, can be divided into four first
level subsystems:

— criteria subsystem describing macro level factors influence made on the

efficiency of FM process;

— criteria subsystem describing micro level factors influence made on the

efficiency of FM process;

— criteria subsystem describing interested groups influence made on the

efficiency of FM process;

— criteria subsystem describing separate FM process stages influence made on

the whole FM process efficiency.

Each of these first level criteria subsystems, referring to Tree principle can
be analysed in details.

Criteria affecting FM process are divided into quantitative and qualitative
ones. Quantitative criteria are space and height of premises; furniture and equip-
ment layout; exploitation expenses (see Figure 2.17). Quantitative criteria: ra-
tional planning and use of the premises, building supervision, repair and renova-
tion, depreciation establishment (see Figure 2.18).
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When the building is built and is presented for exploitation, new requirements
related with the proper object exploitation are risen. In order to assure building
quality people occupying the building have to keep to the appointed require-
ments concerning exploitation. Building has to be supervised properly during the
whole exploitation period in order to answer all the requirements set by people
or appointed standards. When the building depreciates there’s a need for evalua-
tion of the degree of depreciation to foresee the further possibilities of existence:
whether the building will be renovated, or demolished (Lepkova 2003).

Space and height

of premise

r' N
Mamtengpce, < Quantitative Criteria > FL_Jrnlture and
supervision equipment layout

Y

Exploitation

expenses

Figure 2.17. Quantitative criteria influencing facilities management (Lepkova 2003)

Qualitative Criteria

— Efficient building volumetric - planned decision, premises usage;

— Rational communication within and outside the building (people, car, commodity flows);
—— Building safety assurance;

—— Personal conveniences (washrooms, shower, sport gyms);

—— Work environment (proper physiological environment);

—— Comfort level (temperature, air, light, general conditions);

—— Human health and safety;

| Exploitation (engineering equipment, external walls, roof, windows, outer door,
cleaning, supervision);

L Renovation.

Figure 2.18. Qualitative criteria influencing facilities management (Lepkova 2003)

2.5. Model of Facilities Management consulting knowledge system

In any organization, there is a certain component of the work carried out that
can be termed “knowledge work”. Many researches (Gurteen 1998; Martin 2003;
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Kamara et al. 2002; Kululanga, McCaffer 2003; Koch 2003) have provided dis-
cussions and definitions of the terms “knowledge”, “knowledge work”, and
“knowledge management”. In an engineering consultancy domain “knowledge
work” refers to work that relies on the accumulated knowledge, experience, and
judgment of the individuals both as persons or members of a team, rather than
the ability to be trained to learn and execute simple procedures. Garvin (1998)
provides distinctions between tangible assets and intangible (knowledge) assets.
The knowledge that is required to carry out those work elements can be con-
sidered to be an asset of the company - its “intellectual capital” (Garvin 1998).

In consulting engineering, knowledge work makes up the major component
of a firm’s effort, output, efficiency and profitability. The primary product is an
intellectual capital the firm’s specialists knowledge rather than physical. Any
physical output, such as design drawings, documents, etc., are simply a repre-
sentation of the knowledge that is being sold. This is not only the technical or
professional knowledge acquired by the firm’s staff members during, and sub-
sequent to, tertiary education, but also their accumulated knowledge of clients,
business sectors, organizational procedures, other industry personnel, and so
forth (Kazi 2005).

When knowledge is considered as an asset in consulting engineering, a loss of
company knowledge, or its inefficient use, will have an impact on the company
economic performance (Kamara et al. 2002). Company knowledge can be lost
either through staff turnover or simply a loss of organizational memory of what
once was known. Martin (2003) reports on the problems of inefficient knowl-
edge management for a company and how this can impact on its operation and
profitability (Lepkova, Bigelis 2007).

2.5.1.Consulting knowledge system for Facilities
Management sector in Lithuania

The main objective is to create a Web-based consulting knowledge system that
will enable different users to get relevant information on the facilities manage-
ment subject.

The users of the system are:

— facilities management professionals;

— facilities management managers, services suppliers;

— universities lecturers and students;

— other interested parties.
Consultations should be provided in different ways such as:

— searching website using domain ontology;

— email;

— or by using decision support systems.
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The consulting knowledge system will be developed by a few stages: short
specification — development of standalone prototype — prototype enhancement
after entering information and knowledge — development of detail specifica-
tion — development of an online system — implementation — enhancement using
every day experience.

Standalone prototype can be developed as an off-line software application
(without Internet access). Later, the part of main information and knowledge
will be stored in the system. The interface, reports (their content and forms),
searching tools, questions and answers and additional metadata (semantics) is
to be analyzed and enhanced on the next stages.

The main parts of the systems are: content-information snippets—ontology—
queries on the internet—questions/answers.

The main parts of the system are shown in the Figure 2.19.

Graphical INTERFACE of the System

. .

Comments — proposals
system (feedback)

A4

Questions by e-mail Answers by
e-mail

Online Questions/Answers Interface

v
l T Questions/Answers
v entered by
Metadata system of Metadata of administrator of
Questions/Answers Questions/Answers comments-proposals Knowledge system
7'y
v v v v

Knowledge system of questions — answers (on the Web and by e-mail) and feedback of customers

v ¢ :

Snippets of Information Sources Metadata of snippets of Information Sources

i

Facilities Management Ontology
» Terms (could be presented in a few languages)
« Definitions of the Terms (possible few for one concept)
» Examples of the Terms Resource (could be only reference or short descriptions)
* Relations between Terms

Application of Multiple-Criteria analysis Methods for Facilities Management Alternatives
(System Integration with Existing Facilities Management Decision Support System)

Figure 2.19. The main parts of Facilities Management Consulting Knowledge System
(created by Lepkova and Bigelis 2007)

The main functions of the system are:
1. Consultation of different interested parties in different ways (questions
online, questions by email and comments (proposal) of customers).
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2. Continual development of the system (interface, ontology development,
new information complement to the system, continual development of
learning software applications).

3. Arrangement of analytical reports.

4. Development of methods.

5. System integration with other systems (Lepkova, Bigelis 2007).

Main features of the facilities management consulting knowledge system are:

— the system is a people and technology integrated system;

— the system will evolve by using it each day;

— the system will be used by different interested parties;

— feedback will be collected, analyzed and stored;

— the system will store information and knowledge on facilities management
during all building life cycle;

— Questions-answers, feedback and snippets of information sources (e.g.
documents) will be enriched by metadata that will be created manually or
selected from facilities management ontology.

Different information is entered mainly as snippets. Therefore search results
are short and contain only relevant information. User can browse domain ontol-
ogy before entering question (query). It provides better quality both of queries
and search results. The term “question-answer” is used instead of terms “search”
and/or “query” as it is planned to use natural language queries (Lepkova, Bigelis
2007).

Conclusions

The proposed facilities management consulting knowledge system should be cre-
ated in a few languages (Lithuanian, English, using of other languages depends
on the market where the system will be applied).

Collaboration with specialists from other countries is needed.

The appropriate EU legal information (full documents or snippets) will be
entered when the requirements of customers will be specified.

The proposed system will facilitate interaction between facilities management
services users and providers.

2.6. Administration of housing

2.6.1. Administration forms of housing (multi-family apartment houses)
in Lithuania

The Civil Code provides that the part of communal-use objects of a multi-family
apartment house which belongs to the flat or other premises owner equals to the
ratio of the useful area of owned premises and the useful area of an apartment
house. The obligation of owners to pay expenses for maintaining and preserving
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the house, taxes, levies and other payments, to make regular settlements in
order to accumulate funds which will be allocated for the house refurbishment
proportionally to their part arises from the size of share in the common partial
ownership of every owner defined in the Civil Code (2005).

Three administration forms of common partial ownership of flats and other
premises owners are provided for in the Civil Code (2005):

— a multi-family apartment house owners association,

— joint activity contract concluded by flat owners;

- or an administrator of communal use objects appointed by the municipality.

Multi-family apartment house owners association. The Lithuanian practice
has shown that communal-use objects are administered the most effectively and
economically when the function is carried out by multi-family apartment house
owners associations created by owners themselves. A multi-family apartment
house owners association is a non-profit legal person of limited liability which
may have all rights and duties of legal persons. However, the association may
not become the founder of other enterprises and engage in other activity which
is not related with the management of the multi-family apartment house, usage,
maintenance and management of communal-use objects as well as land plot at-
tributed to the house. An association is responsible for the management, main-
tenance and other administration of communal-use objects. Decisions regarding
the funds related with the implementation of mandatory requirements for the
maintenance and usage of communal-use objects, their accumulation or borrow-
ing are legal if more than S of all members of the association vote for them dur-
ing the association members’ meeting. It should be noted that the membership
in the association is not mandatory in Lithuania. It was established in the legal
acts valid earlier that a person who has acquired a flat or other premise where
a multi-family apartment house owners association has been established shall
become a member of the association and obtain all the rights and obligations of
the association member automatically. However, the Constitutional Court of the
Republic of Lithuania accepted a decision by which it stated that such regula-
tions of legal acts contradicted the Constitution and that no one might make a
person become a member of any organisation against his/her will. The decision of
the Constitutional Court determined frequent disputes in multi-family apartment
houses where associations were established. Should people who are not members
of the association obey to the association decisions? A recourse was found after
the regulation was established in the Civil Code that decisions of the association
should be mandatory to people who are not members of the association only in
cases when such decisions are related with mandatory requirements of the build-
ing maintenance.

Joint activity contract concluded by flat owners. Another method of manag-
ing communal-use objects of a multi-family apartment house is a joint activity
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contract concluded by owners of flats and other premises in a multifamily apart-
ment house. This is a civil deal by which owners do not create a separate legal
person but directly implement the rights of owners related with the communal-
use objects maintenance and other management established in legal acts. Owners
of flats and other premises agree among each other by the joint activity contract
regarding the procedure of communal-use objects maintenance, distribution of
expenses and acceptance of decisions regarding the maintenance of communal-
use objects. The parties of the joint activity contract shall assume solidary re-
sponsibility according to the joint non-contractual obligations.

Administrator of communaluse objects appointed by the municipality. The
legislator provided for an alternative method for maintaining and managing
communal-use objects in order a multi-family apartment house would not be
left without the proper maintenance when owners of the house flats and other
premises do not establish an association and do not conclude a joint activity
contract — an administrator of communal-use objects appointed by executive
municipal institutions. A private or public legal or natural person who has the
right to provide real property administration services may be appointed as an
administrator. An administrator shall be responsible for the proper maintenance
of communal-use objects of the house: he/she shall make the description of
communal-use objects, shall perform and organise constant supervision works
of the communal-use objects and shall carry out liquidation of accidents, an-
nounce tenders and conclude contracts with natural or legal persons performing
repairs, he/she shall summon meetings of premises owners regarding the ac-
ceptance of decisions related with the communal-use objects, shall collect con-
tributions from flats and other premises owners for the performed or planned
maintenance or repair work of the communal-use objects. The meeting of flats
and other premises owners may demand that the executive municipal institu-
tion which has appointed the administrator should change him/her if he/she
does not carry out the functions properly. Also, more than 1/2 of the premises
owners may demand for changing the administrator by expressing their distrust
in writing.

Facilities Management Service providers in Lithuania

The activities of the facilities management service companies are regulated
by laws of Republic of Lithuania. Companies that shoulder the responsibilities
for a building’s supervision have to operate within the confines of the Law on
Joint Stock Companies.

These companies carrying out the following exploitation and repair works:

— Repair and exploitation of the building and its engineering infrastructure;

— Supervision and repair of heating systems and gears;

— Supervision and repair of hot and cold water supply and canalization

systems;
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— Electric power supply, supervision of general housing electrical systems
and responsible for mentioned services quality (Lepkova, Bigelis 2007).

These companies also manages the accounting of the provided services: cal-
culations of charges by estimated rates for premises heating, hot and cold water
usage, electric power usage in electrical system, general buildings exploitation,
supervision and repair. These companies are responsible for all the above men-
tioned calculations and ensure that they are correct.

The owners of the buildings and occupants pay all the charges through the
banks, online or through other specified financial institutions.

The companies can also have other activities, close to the main functions.
For instance, the production of construction materials, exploitation of parking
places etc.

Majority of such companies are joint stock companies, but mostly all or part
of the share capital belongs to municipality.

As earlier mentioned, the occupants of buildings and also owners pay for
the supervision of premises and also utilities and services provided by facilities
management companies. This is the main activity of the facilities management
companies and main source of incomes.

Municipalities are obligated to ensure that facilities management companies
provide fixed quality services to the occupants. The companies must inform the
occupants and buildings owners about technical conditions and quality of gears
and communications. Unfortunately, sometimes buildings owners and occupants
are dissatisfied with the provided services, quality and charge rates.

The main works carried out by facilities management companies are as fol-
lows (Lepkova, Bigelis 2007):

1. Supervision of construction of the buildings: of foundations, walls, floor,

roof, balconies and etc.;

2. Supervision of facades, out doors, windows of premises of general usage;

3. Supervision of engineering systems of dwelling houses: hot and cold water,

heating, gas, electrical systems supervision and repair;

4. Supervision and cleaning of general usage premises, foundations and

stairway.

. Supervision of lifts and communication systems.

. Supervision and cleaning of yard territory.

7. Facilities management companies have signed exploitation and payment
for services agreements with dwellings houses owners or multi-flat story
buildings owners associations, by which the companies obligated to
exploitation, repair, supervision of buildings and engineering systems,
also to prepare the buildings for the heating season. The above mentioned
companies could organize technical inspections of buildings and evaluate
their condition.

(&3]
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The main problem of all the above mentioned relationship between occupants
and facilities management companies is that in Lithuania the common system,
which could provide all the needed information to the occupants, is non-existent
(Lepkova, Bigelis 2007).

2.6.2. Administration forms in Estonia

By the present day there are 2 basic management forms in Estonia: flat owners
associations (FOA) — this is the prevailing form and communities of flat owners,
which had been taken on a national level as an additional measure for blocks
where residents could not found flat owners association. Both forms dominantly
function on a block basis.

What is characteristic for both forms is that they actually out-source services
from management and maintenance companies, which are as is known private
companies in Estonia. There are no any longer municipal management divisions.
So, all are at the market competing for clients and clients have free choice to
choose between the companies offering services.

This is a crucial qualitative step forward already from the second half of
the 1990s onwards as flat owners have every opportunity to control their re-
sources and which is significant to make the decisions about maintenance and
renovation which the hired company realises. More and more often not only
maintenance service is being out-sourced but the whole package of manage-
ment, which means that the company makes all the work but has to report to
the flat owners, discuss with tem before taking a decision and then act only
upon FOAs decision.

There could exist still on a very small scale and in small blocks of flats some
self-management and self-maintenance practice. However, there are particular
services which have to be out-sourced and done by professionals.

The general tendency is that the whole field of housing property management
and maintenance is becoming professionalised and more cooperation occurs be-
tween clients and service providers particularly within the context of knowledge
exchange along this experience.

Contract-based form was a dominating type before the maintenance divisions
at city districts were privatised in Estonia. Then indeed all individual flat owners
had to use this opportunity to keep their blocks in shape. However, this form has
practically disappeared. On the other hand, it does exist for single family house
owners who buy their services on an individual basis — determined by their type
of housing — from companies.

There are no municipal-public services in Estonia any longer - yes, there is
social housing and municipal housing, but the owner of that housing usually
buy also the maintenance services from the companies active at the service
market.
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2.6.3. Administration forms (types of ownership) in USA

Housing ownership is of three primary types: fee simple, condominium, and
cooperative. A fourth type, “interval ownership”, describes a variety of options
for ownership that allow the owner’s use of real property on an occasional basis
(Schmitz 2004).

Free Simple. Most housing sold in USA is free simple; that is, the owner is in-
vested with the right to dispose of the property in any way he or she wishes. The
owner can use the property so far as it will not interfere with the rights of others
as typically controlled by zoning ordinances. The purchase of the property can
be financed outright or, more commonly, through a mortgage arrangement. Free
simple ownership is used for most single-family detached projects; the property
owner owns the house in its entirely, the land the house sits on, and generally
the property around the periphery of the house-the front and rear yards and two
side yards. The design of the lot and the house is largely a function of the sale
price the developer hopes to receive as determined by the market analysis. As a
rule, the larger the lot, the more expensive the house, although luxury homes on
small lots or expensively finished attached houses are becoming more prevalent
as available land becomes more scarce. And with aging population and today’s
lifestyles, homeowners may actually prefer smaller lots to reduce maintenance
chores and costs (Schmitz 2004).

Condominium. A condominium is a form of ownership, not a housing type.
Each dwelling unit is owned outright by its occupant, not in common with
other tenants like a cooperative. Each condominium may carry an individual
mortgage, while a cooperative has a common mortgage. A mortgage for a con-
dominium might be reduced as the individual’s financial position permits, while
the owners of a co-op are bound by a set schedule of payments on the coopera-
tive corporation’s mortgage. The condominium form of ownership first acquired
legal status in the United States and its possessions in 1951 with the passage of
a law in Puerto Rico. It was followed by another Puerto Rican law in 1958, the
Horizontal Property Act, which governed the ownership of property categorized
as condominium. Congress amended the National Housing Act in 1961 to extend
government insurance of mortgages to condominiums, and by 1968, all 50 states
had enacted their own enabling legislation for condominiums. Condominiums
may be structured so that a unit is defined as an airspace or as a portion of
real property, such as walls and land. All parts of the condominium develop-
ment not specifically owned by an individual are owned in common by all the
development’s owners. Ownership of common elements is typically defined as
a percentage proportionate to the square footage of each unit; the percentage
interest in common elements is granted to owners by deed. Owners of condo-
miniums have a choice of owning their units and clear of any mortgages or
financing them through regular mortgage channels. Typically, a condominium id
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financed in two phases: the developer finances the entire project through a blan-
ket mortgage, and owners finance individual units through individual mortgage
or government-insured loans. Owners may sell, will, or give away the property.
Each deed is recorded separately, and taxes are levied individually. These ad-
vantages of actual ownership appeal to many-especially those who may not be
able to afford a free simple lot and those who may not want the responsibilities
of maintenance associated with more conventional homeownership. Because the
condominium form of ownership is not tied to a particular design, it may appear
in mid-rise or high-rise buildings, garden-density units, attached town-houses, or
even single-family detached houses. It might also exist as a combination of two
or more of these types of houses as part of a single condominium association.
The condominium form of ownership is so versatile that it exists in commercial
and industrial buildings as well as in residential housing; condominium associa-
tions can also include combinations of residential and commercial uses.

Management of condominium is controlled by a condominium association.
The developer who has constructed the units and established the condominium
association usually assumes responsibility for managing the association initially,
before passing it on to home-owners. Common responsibilities typically shared
by the association may include maintenance of the building(s), landscaping,
private streets and parking areas, recreational facilities like swimming pools and
tennis courts, and any common interior elements like lobbies, elevators, heating
and air-conditioning equipment, and hallways.

The association is also responsible for acquiring insurance coverage for the
building; owners of individual units carry separate coverage for their personal
belongings. Owners are charged a monthly free to cover costs of maintenance,
insurance, and a reserve account according to the value of their units. Often, fees
are based on square footage so that those with larger units pay a proportionately
greater share of the costs. Without agreement of the owners in accordance with
the condominium’s legal documents, neither the assessment nor the maintenance
liability can change (Schmitz 2004).

Cooperative. In the cooperative form of ownership, a single property is divid-
ed into units, or use portions, with each user or “buyer” owning shares of stock
in the corporation that owns the building. Typically, cooperative ownership is
employed in a multiunit building-garden density, mid-rise, or high rise-where
all the customary services are offered but where ownership and cost of operation
are shared by the occupants in proportion to the value of the space they occupy.
Co-op buyers are entitled to a proprietary lease of their space.

The predetermined rental rate for each unit is reached by prorating the costs
of operation among tenants. The lease requires the co-op owner to make a
monthly maintenance payment to the corporation to cover its operating ex-
penses, mortgage interest, and real property taxes. Because interest and property
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taxes are obligations of the corporation, deductible only for calculating its tax-
able income, the proprietary tenant must be individual, who is under strict
requirements by the Internal Revenue Service to receive tax deductions.

The cooperative form of ownership has existed for some time, notably in
major urban markets like New York City. The form of ownership appeals to
confirmed city dwellers and those who seek the tax advantages of a corporation.
The cooperative has not caught on in this country as a popular form of owner-
ship, although it is suitable for many suburban locations and offers advantages
to investors who might otherwise be merely tenants. A primary disadvantage
lies in the prorating of the building’s operating costs among owners. Further,
responsibility for mortgage payments is shared with other owners, each accord-
ing to its own portion of ownership. Only that amount of the mortgage interest
for which an individual owner is responsible can be deducted from his or her
income tax.

Perhaps the most significant reason that cooperative housing has not been
more popular is that ownership rests with the corporation, not in the individual
units. Thus, owners cannot pass their shares in the corporation on through their
estates or by any other means. The shares instead are sold back to the coop-
erative’s board of trustees, which has ultimate authority over their disposition.
Further, the co-op can incur liabilities, and stockholders may find themselves
obligated for the liabilities of other stockholders (Schmitz 2004).

Interval Ownership. The most commonly known form of interval owner-
ship is vacation timesharing. Most timeshare units are located in popular
resort settings; owners of the units are guaranteed a period each year (usually
a week) when they can use the unit. Ownership in vacation timeshare units
is usually in free simple title, with each owner holding a deed. Alternatively,
owners may purchase a “right to use” the unit for some period (usually 30
years) without a deed. Most vacation timesharing developments are structured
as condominiums, with all owners belonging to the condominium association
and paying fees.

Another form of interval ownership is “fractional ownership”. Rather than
purchasing one week, owners purchase up to 13 weeks, or a quarter year.
Thirteen-week purchases are often called “quarter shares”. Fractional owner-
ship is most often purchased with a deed that gives the owners the right to use
the unit in a solid block of time or in “floating” blocks that may be reserved
in advance.

Vacation timeshare and fractional ownership programs have historically been
most popular with active retirees, but as baby boomers age, there may be wider
market opportunities for this type of homeownership (Schmitz 2004).
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CHAPTER 3

RETROFIT OF BUILDINGS IN URBAN
NEIGHBORHOODS

Saulius RASLANAS, Arturas KAKLAUSKAS,
Edmundas Kazimieras ZAVADSKAS

Modernisation and retrofit of buildings is one of the forms of urban develop-
ment. Both in Lithuania and in other countries, it should help to solve energy
and environmental issues and to improve the quality of life (Mitkus, Sostak
2009; Kaklauskas et al. 2009; Ginevicius, Podvezko 2008). Therefore, modernisa-
tion should comply with the sustainable development requirements (Seduikyteé
and Jurelionis, 2009) based on three components with equal importance: envi-
ronmentalism, economic development and social development. Sustainable de-
velopment aims to reconcile economic growth, social progress and frugal use of
natural resources, to maintain ecological balance and to ensure favourable living
conditions for current and future generations (Burinskiené, Rudzkiené 2009;
Medineckiené et al. 2010). The concept of sustainable development is interpreted
as a process for development of healthy environment, viable economics, social
welfare and active community (Juskevi¢ius 2005). The UK Government intro-
duced the Sustainable Community Plan in 2003, describing a vision of how our
communities are to be developed over the next 20 years economically, socially
and environmentally, while respecting the needs of future generations (McDon-
ald et al. 2009). Sustainable development in construction is interpreted as con-
struction of buildings that better satisfy the needs of people and environment.
Fundamental retrofit of buildings constructed in earlier decades and their envi-
ronment is an increasingly important objective for private, public and non-profit
owners or investors. Of course, technical requirements applicable to the building
must be considered, but economic and ecological expedience of thorough wide
scale modernisation must also be compared with an alternative to demolish the
building and to construct a new one or to change the building’s purpose.

Retrofit of apartment houses and their environment aims:

- to cut energy consumption;

— to cut building maintenance costs;

— to reduce the effect of polluting factors thus boosting the value of the

environment;
— to improve the condition of buildings and to extend their service (30-40
years);
— to improve the indoor comfort;
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— to improve the quality of buildings and to make urban areas more attractive;

— to increase the market value of buildings;

— to attract and retain middle classes.

One of the goals set in the Strategic Plan of the City Vilnius for 2002-2011
is to promote residential construction, retrofit and development of urban resi-
dential areas and apartment houses with dwindling attractiveness, investment
and new construction in such areas, preparation of template retrofit projects for
apartment buildings and setting up of programmes for energy saving measures
(Vilniaus miesto... 2002). Strategic plans of Vilnius and the condition of houses
and their environment in the neighbourhoods in question determine the prior-
ity order for retrofit of apartment houses in Vilnius neighbourhoods. Separate
neighbourhoods of Vilnius have different priority because the condition of their
houses and environments differs. Retrofit of houses should not be separated
from landscaping. Zoning of the environment is important and the retrofit must
be based on territorial considerations, which means that the priority order for
retrofit of Vilnius neighbourhoods must be set and the retrofit must be integrated
to encompass retrofit of buildings plus arrangement and modernisation of their
environment. Thus attractiveness of the territories would improve and the mar-
ket value of the land would increase along with increasing private investment
in the territories to be renovated (Zavadskas et al. 2008a).

Retrofit of residential houses usually covers diverse measures aimed at cut-
ting energy and maintenance bills, improving safety, comfort and aesthetic prop-
erties, as well as boosting market value (Martinaitis et al. 2007; UZSilaityté, Mar-
tinaitis 2010). Energy saving measures in buildings considerably reduce energy
consumption and thus the GHG emissions. Plenty of scientists, Galvin (2010),
Sartori et al. (2009), Jurelionis and Isevi¢ius (2008), Zavadskas et al. (2008 b, c),
Naimaviciené and Mickaityté (2007), Mickaityté et al. (2008), Swan and Ugursal
(2009), Filippin and Larsen (2009), Lloyd et al. (2008), Johansson (2007), Bal-
aras et al. (2005, 2007), Saidur et al. (2007), Kazakevicius et al. (2002), Bell and
Lowe (2000) among them, analyse and suggest solutions how to cut high energy
consumption through retrofit in the residential sector. The Copenhagen Climate
Change Conference, which took place between 7 and 18 of December 2009 and
attracted representatives from 194 countries, shows international understanding
and huge economic potential to cut global GHG emissions in the nearest decades.
Countries wanted to sign a joint agreement covering three main issues: financial
aid of rich to poor countries, reduction of pollution emissions in developing and
developed countries, and setting the upper limit for average global temperature.
Active retrofit of residential blocks/areas would have a considerable impact on
reduction of energy consumption and CO, emissions. However, modernisation
must follow the urban structure which reflects the principles of sustainable de-
velopment and corresponds to the quality of life: compactness, multifunctional
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use of territories, sustainable transport, ensured public interests and visually
attractive (unpolluted) environment. Decisions on retrofit of residential spaces
must avoid being too narrow, when retrofit projects for separate houses are
considered (Tupenaite et al. 2010).

The key imperatives for efficient modernisation are listed below.

— To sort the legal basis for territorial planning, which (LR Aplinkos Minis-
terija... 2008):

- would ensure uncompetitive integration of various laws and would help
to set up a single system for sustainable development;

— would set the underlying quantitative and qualitative requirements for
territorial development and use;

— would establish universal and informative concepts intelligible to any-
one;

— would establish clear criteria for the quality of life in line with the prin-
ciples of sustainable development.

— To ensure transition from individual plot planning to block planning; to
regulate accessibility of social infrastructure and to handle the issues re-
lated to transport and monofunctional areas.

— To foresee integrated development of business and social infrastructure.

— To promote public and engine free transport; to actively integrate such
transport into the urban transport structure and to enhance the network of
walkways; to enhance and reconstruct the street network and to improve
traffic planning.

— To ensure sufficient quantity and quality in the development of social and
engineering infrastructure.

— To renovate old houses, thus contributing to energy efficiency policies.

— To reclaim abandoned territories.

A significant amount of energy, materials and finances are consumed when
using and demolishing the buildings. Proper planning, design, construction,
management and marketing allow to reduce the environmental impact and ex-
penses as well as to improve the quality of buildings and to raise their market
value. Renovation of blocks of multi-apartment houses is nowadays one of the
most important problems in residential districts which have been built in Lithu-
ania before 1993. Sustainable development of blocks of multi-apartment houses
requires to analyze various renovation strategies, prepare scenarios and select
the most rational alternative. Based on the definition of sustainability, techni-
cal, economical, social and ecological requirements, not only alternatives for
buildings, but also for their environment should be analyzed. It is important to
improve the quality of the living environment, to reduce pollution and energy
consumption, maintain mixed social structure and make a sustainable integra-
tion of new buildings into the existing environment. A successful renovation
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project can be prepared only by conducting a thorough research and properly
evaluating buildings and their surrounding environment.

3.1. The issues with retrofit planning in urban residential
areas/blocks

The future of Lithuanian cities and towns depends on the territorial planning
system, which is improving due to ever-freer market and ever more democratic
society (Bardauskiené et al. 2007). Implementation of the sustainable develop-
ment policies is one of the most complicated tasks and challenges facing a com-
munity (Burinskiené, Rudzkiené 2009). Territorial-spatial planning of residential
areas/blocks is important in development of sustainable and attractive cities
and areas. Therefore, any part of the city must also comply with the sustainable
development requirements, which include environmental, social, construction
and transport aspects (Viteikiené, Zavadskas 2007). Modernisation of apart-
ment houses is a particularly relevant problem in terms of planning. To make
it more efficient, modernisation of apartment houses should be integrated and
encompass an entire block instead of a single house (Zavadskas et al. 2008d).
Such move calls for the development of clear territorial planning regulations for
residential areas/blocks.

Currently Lithuania lacks a single normative basis for territorial-spatial plan-
ning of residential areas/blocks. Concepts and their definitions are regulated by
different legal acts and are often interpreted differently. Ongoing amendment
of normative acts is another problem. It is particularly important in develop-
ment of sustainable and attractive environment in cities and their areas. “Norms
for Separate Recreational Green Spaces” of the Republic of Lithuania set the
following concepts of a residential area and block: urban residential areas are
territories delimited by arterial or intensive traffic streets, while a group of
blocks is delimited by supporting streets (LR Aplinkos Ministerija... 2007). The
“Regulations on State Support for Modernisation of Apartment Buildings and
Determination of Energy Efficiency in Investment Projects” approved by the
Government state that “a residential area/block is an urbanised territory of
Lithuania dominated by residential buildings and surrounded by transport roads
and engineering networks or natural elements” (LR Vyriausybé... 2008a). The
project of the Ministry of Environment “Norms for Planning of Cities, Towns and
Villages (settlements)” defines a residential area as “a residential space delimited
by physical phenomena (streets, green spaces, natural barriers) together with
transport and engineering infrastructure corridors and green spaces inside such
area” (LR Aplinkos Ministerija... 2009).

On 1 January 2010, a new version of the Law on Territorial Planning (LRS...
2010) came into force, however the law still lacks the definitions of both “block”
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and “area”, although the concepts are used throughout the law. The current
legal basis of Lithuania lacks a universal definition to interpret the concept of
“residential area/block”: current norms do not define the size of residential areas
or subdivisions/blocks; also the distances to the most important companies and
agencies are not regulated. No mechanism is in place to balance the solutions
set in residential planning documents. Plans of territories do not foresee green
spaces and areas for social infrastructure; detailed plans often fail to reflect the
principles of territorial management and use. Thus the planning environment
becomes complicated (inefficient and non-transparent).

In the times of planned economy, a residential area and a block had specific
descriptions and their parameters were expressed in numerical values. Therefore,
planners of those times hardly encountered any problems to mark functional
zones in a single parcel or in the entire territory set for construction. Undefined
concept of a residential area/block means that there are no clear measures to de-
termine the density and intensity of buildings, as well as the demand for public
spaces and public territories (transport and engineering infrastructure objects).

The current legal basis of Lithuania leads to expansion of monofunctional
residential areas/blocks and to ongoing disintegration of social and functional
purposes (LR Vyriausybé... 2008b). Such trends contradict sustainable develop-
ment of cities and urban areas.

The current normative documents of Lithuania regulate the minimum size
of the plot for a residential building, as well as the maximum space occupied
by buildings and the maximum density of buildings in such plot; however, they
fail to regulate the density of population in a residential area/block. Legal acts,
which regulate territorial development, even fail to set the recommended val-
ues. The current norms of Lithuania stipulate the allowed height of buildings
(in meters) in the plot; however, there are no norms or techniques for height
calculation. The said issues hinder the planning procedures and leave ample
space for interpretations.

Construction regulations set the requirement for green spaces in the plot to
take up at least 25% of the unbilt area; such areas intended for green spaces
can host playgrounds, simple sports fields for teenagers or recreational zones for
elderly residents (STR 2.02.09:2005; STR 2.02.01:2004). Before the order (LR
Aplinkos Ministerija, 2007) passed on 21 December 2007, not a single docu-
ment regulated the interdependence between green spaces and the number of
residents, the maximum heights in the spaces and the catchment area of such
green spaces. The rules regulating preparation of detailed plans do not make
green spaces a mandatory requirement in landscaping and land use. Territorial
planning documents (here, detailed plans) often fail to consider non-mandatory
regulations for territorial planning and land use. Territories are usually planned
without any space left for green areas and social infrastructure. The definition
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of social infrastructure appeared in the Law on Territorial Planning only in
2010 (LRS... 2010). Yet sustainable social environment is a very important as-
pect in the quality of life, which is essential to attract and retain people. It
helps to satisfy educational, training, cultural, healthcare, social care and other
essential needs of people, but it is possible only if we handle the following is-
sues: depopulation and aging populations in some residential areas; increasing
disparities between the quality of environment in certain residential areas; un-
even distribution of social infrastructure and social objects; and lack of services
(LR Aplinkos Ministerija... 2008). The current legal acts of Lithuania scarcely
regulate social infrastructure issues — they consider development of only a small
portion of social infrastructure objects. Thus distribution of social infrastructure
objects becomes a problem; the catchment area for such services remains un-
defined. A subdivision of a residential area must have the essential social ser-
vices such as kindergartens, schools and shops, while the entire residential area
must have such social services as a special school, a supermarket, a library, a
cinema, a sports club and an outpatient clinic. Lithuanian legal and normative
acts do not regulate reservation of spaces for social infrastructure (educational,
cultural, healthcare and other) in residential areas, the catchment area of such
infrastructure, etc.

Newly designed residential areas suffer from land related problems. Urban
land increasingly becomes private property, and this fact brings about a conflict
of interests between the municipality and the private landowner. Moreover, the
municipality sometimes lacks the capacity to control and to regulate land use
properly. Thus no space is left for streets and engineering networks, for green
spaces and social infrastructure. The definition of public interest is unclear in
territorial planning. Representatives from public organisations believe that pub-
lic interest must be clearly defined in the Law on Territorial Planning and in
normative acts, and must be clearly marked in territorial planning documents
(Darni urbanistiné plétra Lietuvoje... 2008). The priority of public interest (com-
mon streets, corridors of engineering networks, social infrastructure, parks, etc.)
must be legitimised, because the quality of life is impossible without develop-
ment of public infrastructure.

3.2. Strategies for modernisation of areas with apartment
houses and the related scenarios

The main provisions of the strategy of the long-term sustainable development
on a global scale were formulated in “Agenda 21” of the United Nations, in
the Earth Summit, held in Rio de Janeiro, Brazil. The basis of the conception
of the sustainable development consists of 3 equivalent components: environ-
mental protection, economic and social development (LR Vyriausybé... 2009).
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Sustainable development is described as the development of the society, provid-
ing the possibility to achieve the universal well-being for the present and future
generations, by harmonizing the environmental, economic and social objectives
of the society and by not exceeding the permissible limits of the environmental
impact. Burinskiené and Rudzkiené (2009), Medineckiené et al. (2010), Wed-
ding and Crawford-Brown (2007) and many others agree that the goal of the
sustainable development is to harmonize the economic growth, social progress,
economically use the natural resources and ensure the favourable living condi-
tions now and in the future. Sustainable development is based not on economic,
social or institutional dimension, but on their system, understandable as the inte-
grated society (Ciegis et al. 2009). Juskevic¢ius (2005) states that the conception
of the sustainable development is understandable as the process of creating the
healthy environment, social welfare and active community, and the sustainable
development in construction is understandable as the construction of the build-
ings which satisfy the needs of the people and environment. However, it must
be emphasized that the negative environmental impact had by the human, both
when constructing and renovating the buildings, must be as low as possible. Ac-
cording to Andruskevicius (2005), the renovation of the building is an activity,
the purpose of which constitutes the rearrangement of the existing construction
works, in order to eliminate its physical, architectural and aesthetic, functional,
comfort-related, operational, social, economic and other types of depreciation of
engineering equipment, etc. However, this purpose must be achieved by following
the conception of the sustainable building. ALwaer and Clements-Croome (2010)
understand the sustainable building as a complex of three main interrelated parts:
namely, people (owners, residents, users, etc.), products (constructional materi-
als, fabrics, constructions, structure, plants, equipment, automation and control,
services) and processes (maintenance, control of equipment). These are the key
closely interconnected parts. However, another highly relevant question is the fol-
lowing: should the sustainable building not stand in the sustainable environment?
Over the last decade, more and more global organizations are investing signif-
icant resources to create sustainably built environments, emphasizing sustainable
building renovation processes to reduce energy consumption and carbon dioxide
emissions (Juan et al. 2010). Renovation of the buildings constructed in the last
decades and their environment is the task of the increasing importance to the
private, public, non-profit owners or investors. The well-being of a human and
the whole humankind depends from the equilibrium of difficult social, economic
and natural processes; therefore, these parts of development must be examined
as a whole. Not only the sustainable construction, sustainable renovation of
buildings, but also the sustainable world can be created only in this manner.
The term “sustainable construction” is used to describe the application of
sustainable development in construction. The basic definition of sustainable
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construction was formulated in the conference organized by CIB, held in USA
in 1994: its the creation and management of the healthy environment in the con-
struction works and beyond their limits, following the principles of the efficient
consumption of resources and environmental friendliness (Ofori 1998; Pollington
1999; §aparauskas 2001; Antuchevic¢iené 2005). This conception also covers the
sustainability-ensuring constructional materials, safe construction practice and
new technologies. The same definition may be applied also to the sustainable
renovation of the multi-apartment houses and their environment. According to
the climate change, high energy consumption, it is important in the residential
sector to understand and encourage the application of new technologies, the ef-
ficient consumption of energy and renewable energy sources.

With the renovation of residential houses, it is sought to reduce the energy
and building-maintenance bills, in order to improve the safety, comfort, aesthet-
ics, to increase the market value (Martinaitis et al. 2007; Uzsilaityté, Martinaitis
2010). However, all this must be executed according to the principles of sus-
tainable development. The priority goal of the Master Plan of Vilnius City is
to provide the conditions for continuous, socially and economically motivated
growth of the quality of life and reduction of territorial differences. Construction
sector has an especially close connection in social, economic and environmen-
tal views. Despite the different climate, culture and economy, there are many
similarities among the developed and developing countries in terms of the im-
pact of construction industry on environment (Melchert 2007). Energy needs
grow in the present world especially rapidly, and it is one of the main reasons
why the sustainable renovation of buildings must be sought (Kaminski 2008).
Report of Implementation of the National Sustainable Development Strategy for
2005-2007 (Juknys 2008) provides for that 70% of old multi-apartment houses
(about 28.000 multi-apartment houses) will be renovated in Lithuania by 2020,
and the thermal energy costs in the housing sector will be reduced to about
30%. In order to implement these plans and to obtain the efficient result, it is
necessary to fulfill many conditions, including the one — to properly assess the
versions of renovation of the buildings and their surrounding environment, by
applying the internationally acclaimed sustainable building certification systems.

Strategy is interpreted as use of available resources, skills or competencies
to achieve goals in view of environment limitations or risks. A strategy can im-
plement one or several goals. Certain scenarios must be developed for relevant
strategies, because strategies stand on scenarios. Scenarios help to show possible
outcomes achieved using certain measures.

Strategies for modernisation of areas with apartment houses must have the
following key goals:

— to improve living standards and the quality of environment;

— to cut energy consumption and CO, emissions;
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— to maintain mixed social structure;

- to integrate new buildings in the existing environment in a sustainable

manner;

— to develop an urban centre of a residential area as a functioning part of

the city;

— democratic planning;

— close cooperation of partners involved in modernisation;

— lasting retrofit and facilities management.

Gorgolewski (1995) and Balaras et al. (2000) state that to achieve optimum
energy saving, the most efficient groups of energy saving measures must be set
for modernisation of buildings, the best scenario must be selected and the main
investment geared towards such scenario. Economic efficiency of building retro-
fit depends on implementation of energy saving measures (Ginevicius et al. 2008;
Zavadskas et al. 2008 a, b, c; Kaklauskas et al. 2004). Johansson et al. (2007)
state that a politically reasonable way to do this in Sweden would be to suggest
municipalities preparation of “the best strategies” for various types of buildings,
and then such strategies could be recommended for certification of energy per-
formance in buildings. Alanne (2004) suggested a method that would facilitate
finding a project for lasting retrofit actions geared towards retrofit of residential
buildings. However, for retrofit to be lasting and efficient, modernisation of an
entire residential area must follow an action plan and strategies.

In view of climate change and big energy consumption, it is important in
residential sector to understand and promote new technology and efficient use
of energy and renewable energy resources. Buildings must be renovated taking
every opportunity to use progressive building materials and processes as eco-
friendly as possible, which means using “eco-packages” such as:

- rainwater for gardening and special tanks for toilet flushes;

- solar energy for hot water;

— photovoltaic installations for additional electricit