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Introduction

Topicality of the problem

The cost of maintenance and refurbishment of a building during its entire
service life is higher than the construction cost. The share of buildings is about
two thirds of the total national wealth of the EU countries. Around 10 % labour
force is employed in the construction sector, with its share of gross national
product making 10 %. Up to 50 % of overall energy were used in buildings, up
to 85% of this energy were used in old buildings. This is a challenge for all over
the world to develop and implement rational energy efficient and economical
reasonable investment solutions of dwelling buildings. Various interested
parties are involved in the construction process including customers, designers,
builders, suppliers of various building products, maintenance organizations,
state inspection institutions, etc. Given such a great number of interested
parties, a problem of cooperation and information and expertise exchange
arises.

The thesis covers the analysis of living environment and the survey of the
needs of users and investors and proposes a model of investment assessment
within whole building life cycle. Such a model enables a complex solution of
planning, design and investment tasks.

A large part of problems related to life quality, environmental and social
issues arises due to the legal acts adopted in our country, which develop a false
attitude and motivation towards the solution of problems of such type. For
instance, the Law on Construction of the Republic of Lithuania and the
Technical Regulations for Construction provide for minimal requirements of
energy efficiency level, whereas the wrong-headed practice of public tenders,
which applies the principle of the lowest price, encourages to select the
cheapest services and to use the cheapest materials and resources — that is in
direct opposition to the search for efficient innovative methods and solutions as
well as the guarantee of quality and a cost-efficient performance throughout the
entire life cycle of a building. That impedes the progress of construction
businesses in the country, reduces competitiveness in respect of developed
world countries and is a decisive factor for the development of construction
sector and the economy of the entire country.

The thesis analyses one of those construction sectors, the results of which
are most relevant to the final user, i.e. the construction projects and processes of
single-family housing. This field of construction is to a large extent related to
architectural solutions and is directly dependent on them.



Aim and tasks of the work

The major aim of this dissertation is to develop a model, which would
enable the selection of a rational solution of investment to a single-family
housing by assessing the impact of architectural solutions on the meeting of
goals and needs of participants in the processes of investment, design,
construction, use and operation in respect of the entire life cycle of a building.

The following tasks were set to achieve the aim of the thesis:

1. to carry out the analysis of overall Lithuanian economy relation
with single-family housing market development;

2. to develop a model of rational selection of single-family housing
investment project;

3. based on the analysis results, distinguish the major factors
determining the efficiency of investments to the construction of
single-family housing, to develop a criteria system designed for
the description of variants of investment projects;

4. to assess the impact of architectural solutions made in the process
of design on the entire life cycle of a building and the efficiency
of investments;

5. to adjust the developed model to the selection of a rational
solution of investment to single-family housing case study.

Scientific novelty

1. By means of the method of multiple criteria decision synthesis
(DSS1), the model of rational selection of single-family housing
investment project by assessing the impact of architectural
solutions on the entire life cycle of a building has been
developed.

2. To achieve the solution of energy efficiency, cost-efficient
performance, quality of life and rational investment planning
during the life cycle of a building in respect of the client and the
investor-contractor, the methods of multi-criteria assessment and
mathematical modeling have been integrated into the model;

3. The integrated criteria assessment solutions minimizing the issues
of information uncertainty and increasing reliability have been
developed.

Methodology of research includes the paper applies all the official
information of international organizations, the most up-to-date data of scientific
databases, the information of Lithuanian and EU associated business structures
(associations, federations, technological platforms), the information provided



by Lithuanian institutions and other data available on the Internet studied by
means of analysis. The paper employs research methods based on the analysis
of research studies conducted by the Lithuanian and foreign scientists in this
field. The methods of project multi-criteria synthesis analysis developed by
Prof. Dr. Habil. E. K. Zavadskas and Assoc. Prof. Dr. Vaidotas Sarka were
applied to the research. The thesis also applied different decision support
systems approach, methods of experimental assessment and mathematical
modeling. To develop a system of assessment criteria, the integrated criteria
formation methodology has been proposed. Criteria values of alternatives are
determined by the methods of statistics, calculation and analogy, whereas the
weights of criteria are decided by expert methods. The dissertation took
advantage of scientific publications of Lithuanian and foreign authors, scientific
and informative publications of scientific institutions.

Practical value

1. The model for the selection of a rational project of single-family
housing, which assesses the impact of architectural solutions, has
been developed for the selection of the best investment variants.

2. Individual elements of the model were applied to the
development of the concept of BirStonas ECO City.

3. The research data and individual elements of the model were
used in the development of application for the international
research project FP7 ECO-life, also at the project R&D activities;

4. The methodology, results, conclusions and proposals of the thesis
have been applied to the real-life task of drafting the investment
project for the construction of a dwelling house in Vilnius City.

Defended propositions

1. The model for the selection of a rational project of investment to
single-family housing by assessing the impact of architectural
solutions on the life cycle of a building developed;

2. Rational application of the methods of multi-criteria synthesis
DSS1 and mathematical modeling to the model;

3. The expedience of the coordinated variant of energy efficiency,
cost-efficient performance, life quality and rational investment
planning throughout the life cycle of the building in respect of the
client and investor-contractor;

4. The expedience of integrated criteria formation in the solution of
the tasks of information uncertainty.



The scope of the scientific work. The thesis consists of the introduction,
four chapters and conclusions. 4 annexes were attached.

The scope of the paper accounts for 136 pages, excluding annexes; 16
numbered formulas, 22 pictures and 30 tables are used in the text. The list of
references used in the thesis is made up of 136 entries. The work structure is
shown in Figure 1.

Preface
Relevance of the work, research object, goals and tasks. research
methodology, scientific novelty, theoretical and practical results definition

v

Chapter 1 Chapter I1
Construction market analysis Investment to dwelling housing
problems analysis

v v

Conclusions and proposals

. .

\ 4

Chapter IV Chapter I11

Example of selection of Model of selection of rational
rational solution of investment |« solution of investment to single
to single dwelling house in dwelling house using multiple
Vilnius criteria synthesis method DSS1

Figure 1. Structure of dissertation work

1. Evaluation of Lithuanian economy relations with investment to dwelling
market

First chapter attempts to give a review on the scope and forecasts of the
construction of single-family housing. It analyses the situation on the market
and the overall Lithuanian economy impact of these aspects on investments to
the construction of single-family housing. The research covered Lithuanian and
foreign experience of housing market development.

Lithuania is one of the five countries, where the urban living space per
capita in square meters is one of the smallest among the EU member states.



Even during the years of economic prosperity and thus the boom of
construction industry Lithuania was one of the five EU countries featuring the
construction of fewest square meters per capita. That indicates that there is no
surplus of housing in Lithuania and a modern cost-efficient housing that meets
quality standards is still on demand.

However, the problems related with insufficient quality level within
building new houses, impeded programme of housing modernization, sluggish
acceleration of the renewable energy development programme and its
application to single-family houses show the limited capacity of the existing
system, knowledge and the need for a novel attitude.

2. Range of problems related to investments to dwelling housing and
analysis of possible solutions

Within investigation of Lithuanian dwelling market the main problems
were discovered:

= Old buildings envelop and engineering infrastructure developed
under very poor energy efficient standards (till the Year 1993)
and now are in bad conditions);

= 40% people are not satisfied by heating system.

= About 17% of flats has less than 16°C at cold period,;

=  ~25% of people are not satisfied by housing administration
service;

=  ~ 8% of Lithuanian people that needed social support;

= Drastically increase of energy prices has critical impact of social
supported people economy of quality of life and will worse
future.

= Lack of knowledge of energy efficient construction solutions best
practice and how to buy it;

= Not enough attention to select and buy modernization
supervision services;

= Lack of Finance and lack of knowledge of Life cycle
optimization solutions.

From the year 1993 to 2010 the minimum requirements level of energy
efficiency in Lithuania was increased by 3-5 times, but within some ES
countries (Germany, Austria, Denmark or others) level is still 3-5 time worst.

Therefore, within making rational investment solution and to fulfill needs
of final user very important part of the designer's or architect’s role become.
New approach to building energy efficiency, economic efficiency, functionality,
quality, cost of energy and maintenance within whole selected building life



cycle and other end-user objectives in line with the investor's objectives. Thus,
the complexity of the tasks of the architect, reaching the user and investor needs
here depends on the approach to professional ethical principles and know how
based on DEMO examples.

Building life-cycle analysis of a building directly associated with
environmental impact and cost savings throughout its lifetime activities. The
analysis of the building life cycle, it can be said that the architectural decisions
directly affect the cost of all stages ( Figure 2 ).

End of Life
cycle

Reconstruction

7

Maintenance
4

Measurement
and Audits

5

7 Standard Building Live Cycle way

Others Building Live Cycle road possibilities

“ Direct impact of architectural solutions to other building life cycle stages

Figure. 2. Architecture solutions impact at building life cycle stages
British Architecture and the Built Environment Commission ( CABE ), the

quality of life in their neighborhood and the characteristics were evaluating
within such groups:
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Location of the project, exclusivity, project functionality
Roads, car parking and pedestrian areas;

Building design and construction;

Environment community.

Within different world class ECO cities development concepts the
structure of groups of criteria’s for development of different goals structure
were developed related with setting environmental protection requirements,
improving people quality of life level, as follow:

e Social economical goals;

e Transport systems optimization goals;

e Infrastructure development goals;
[ ]

[ ]

Energy supply and production efficiency improvement goals;
Ecological materials use goals;

Further going from the goals setup to efficient building project
development stage, there are several logical solutions to the energy efficiency
of buildings - from lower to the highest technologies. There could be presented
different models, by increasing buildings energy usefulness in buildings, going
from little energy using to zero energy consumption buildings, passive houses,
more energy producing buildings (energy-plus buildings) and so on.

This models making buildings, whose construction is based on 50% -80%
savings from standard countries energy efficiency requirements. Low power is
used for better thermal insulation, high efficiency windows, structural details
and pressurized ventilation system heat recovery schemes. The International
Energy Agency, heating and cooling with solar energy program has been built
and evaluated low-energy DEMO houses. Project implemented at the following
countries: USA (Arizona and Grand Canyon (California)), Belgium, Canada
(Waterloo and Brampton), Denmark, Finland, Germany (Berlin and Rottweil),
Italy, Japan, Netherlands, Norway, Sweden and Switzerland. There are other
different energy efficiency improvement programs and projects thought the ES
and the world was implemented within last decade. In Lithuania the only first
certified single family passive house (using 15kWh/m?*year for heating and
recuperation) was built at 2009. The investors and contractors announced that
the price of this project was only ~11% higher than the minimal standards.
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3. Model of selection of rational solution of investment to single dwelling
housing, using multiple criteria synthesis method DSS1

After investigation and different research experiments published within
the research period, the author offered the following decision-making model for
rational selection of single-family housing investment project by assessing the
impact of architectural solutions on the entire life cycle.

1. QUALITY OF LIFE EVALUATION

1.1. Place - > 1.2. Project evaluation
1.3. Energy efficiency 1.4. Structural scheme evaluation
)
v
2. ECONOMICAL REASONABLE FOR 3. INVESTMENT EFFICIENCY

USER

3.1. Net Present Value
3.2. Internal Rate of Return
3.3. Payback Period
3.4. Profitability Index
3.5. Investment costs

2.1. Investment to Building Cost
2.2. Customer Financial Posibilities
2.3. Used Energy Price for 25 Years

2.4, Cost of Maintenance for 25 Years

Figure. 3. Rational variant of single dwelling selection model.

The proposed model is divided into 3 phases and steps that are presented
in Figure 3 and Figure 4.

Within second phase of general model, continuing evaluation of selected
at first phase variants economical reasonable model for user needs within
project life cycle were developed.
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‘ Formulation of problem. Data selection stage ‘

v

‘ Database formation using multicriteria decision synthesis ‘

»

Are there any undefined data?

yes

\ 4

Determination of the initial weights of separate stage criteria
and the values of the alternatives not expressed gantitatively

Are there proposed
no itegrated solutions?
l yes
no

h 4
Authors proposed
‘ Use Expert methods ‘ integrated solutions ‘

s all data in D!
Iready defined?

s there a need to recalculate
he data of separate stages?

no————»
yes

v
‘ Use ideal point method ‘

Ate the data of all stage
k=1,c recalculated?

Final complex calculation using multiple criteria decision
synthesis method in construction

Figure. 4. Scheme of dwelling housing architectural decision selection model
in construction using multiple criteria synthesis method (DSS1). First phase - selection
of quality of life solution.

The last phase of the model was for evaluation of investment to initially
selected projects efficiency, including initial calculated project costs, selecting

13



financial model economical reasonable variant for investor, including risk
management activities.

4. Case study of selection of rational solution of investment to single
dwelling house in Vilnius using the model

An actual case of selecting rational investment to single dwelling house in
Vilnius, using model of solutions of rational investments to single family
dwelling-housing at the initial construction stage of an individual dwelling
house in Vilnius is considered. A decision-making process is implemented at
three phases.

All the data analyzed are taken from an actual 4 building projects of
individual dwelling houses and 4 different places for land plots were
discovered. Though, for the sake of confidentiality, the real names of the
companies and projects are not mentioned. Such data as the volumes of work,
the materials and costs have been taken from the projects. The information
relating to qualitative characteristics was obtained by an expert method and by
using the integrated solutions offered in the model. The expert system was used
to obtain the criteria for which numerical expressions were non-existent. To
determine the cost of the land plot, differentiation technique taking into account
the location and size of the plot to be purchased were used.

After the calculation system have provided initial data and final selection
by user was made. Then the most efficient alternative of investment including
design, choice of structure and energy efficiency level was selected:

It should be noted that the above system does not provide for precise
calculations. A decision support system model is based on generalized criteria
giving a possibility to choose among a number of the available decisions.

General conclusions

After the development of the mathematical model of solutions of rational
investments to single-family housing, the performance of an experiment
according to this model and its verification and testing in practice, the following
scientific and practical conclusions were formulated:

1. The foreign practice of 10-15 recent years featuring the development
of various models of energy efficient buildings or even the buildings
generating energy from renewable energy resources and the models of
“smart houses” as well as the assessments performed show that the
investments to such buildings are worthwhile. It was only around
2009-2010 that this topic was actively discussed in Lithuania and the
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very first certified single-family house meeting the standards of a
“passive house” was built in 2009.

The analysis revealed that the existing models of efficiency assessment
solutions of investment projects related to single-family housing are
not sufficient to assess the needs and positions of different market
members, investor and the final user, in terms of economic efficiency,
investment rationale and life quality.

The thesis identified the critical problems of the existing system
incorrect formulation of tasks and the applications of the lowest price
in investing to design and construction contracting services.

The analysis of a building life cycle and the development of a scheme
enabled to conclude that architectural solutions are directly related to
the costs of investment projects in all construction stages. A proper
assessment of such solutions in terms of functional, economic, needs-
oriented, efficiency and other aspects as early as the primary stage of
building design provides the opportunity to develop a virtual solution
and to save up to 25% of project finances in the life cycle of a building.
To achieve a rational solution on investments to single-family housing
in a long-term perspective, it is advisable for: a construction company
— to associate investments with the requirements, which exceed the
minimal requirements stipulated by legal acts by applying the principle
of energy efficiency and cost-efficient performance; a country — to
promote the investments to the increase in energy efficiency and the
use of renewable energy resources by all means possible.

The model of solutions of rational investments to single-family
housing by means of the methods of multi-criteria synthesis and
mathematical modeling has been developed;

In consideration of the needs of different interested groups and seeking
to minimize the impact of information uncertainty on the solution, the
solutions of integrated criteria of different construction elements and
process assessment (engineering communication, financial indicators,
design selection, etc) have been integrated to the model.

The principal solutions of the model were practically applied to the
implementation of the international FP7, CONCERTO program project
“Eco-life”, the concept of “BirStonas ECO-City” and case study to
determine the effective variant of architectural solutions and
investments to dwelling housing.
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RACIONALAUS INVESTAVIMO | VIENBUCIU
GYVENAMUJU NAMU STATYBA SPRENDIMU
MODELIS

Mokslo problemos aktualumas. Pastatui eksploatuoti ir atnaujinti visa jo
gyvavimo trukmg iSleidZiama kelis kartus daugiau 1éSy negu pastato statybai.
Todeél gera ir kokybiska architektira, kaip ir gera kokybiSka statyba, ineSa
tiesiogini indéli i kiekvienos valstybés nacionalinio turto gausinima.

Apie dvi treCigsias Europos valstybiy, ES nariy, skai¢iuojamojo
nacionalinio turto sudaro pastatai.

Lietuvoje 2008 m. statybos sektoriuje sukurta apie 8,9 % bendrojo vidaus
produkto (BVP), 0 2009 m. — jau tik 5,6 %.
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Lietuvoje 8,99 % darbo jégos uZimta statybos sektoriuje. 2005-2008 m.
statybos sektoriuje sukurta 26 846 naujos darbo vietos. Statyba sunaudoja 50 %
visy Salies materialiniy investiciju. Apie 85 % energijos suvartojama senos
statybos pastatuose, ir tai tiesiogiai susij¢ su pastato gyvavimo ciklo i§laidomis.

Esminiai vyriausybés architektiiros politikos tikslai turéty biiti Sie: sudaryti
galimybes realizuoti konstitucing pilieciy teisg¢ turéti kokybiSka aplinka;
supaprastinti gyventoju teisiy igyvendinimg ir atsakomybg uz nuosava aplinka;
ivesti aukstus visuomeninés statybos ir visuomeninés nuosavybés valdymo bei
procesy eiliSkumo standartus; skatinti taikyti procediiras (pvz., architekttiros
konkursus), stiprinan€ias architektiira ir keliancias statybos darbu kokybe;
architekty rengimu ir architektiros mokslu remti inovacijas; gerinti
architekttiros paveldo prieziiira ir vystyma.

Siame darbe nagrinéjama vienas i3 opiausiy galutiniam vartotojui statybos
sektoriy, tai vienbuciy gyvenamyju namy statybos projektai ir procesai,
kokybés ir racionaliy investiciniy projekty parinkimo problemos. Tai su
architektlriniais sprendimais susijusi ir tiesiogiai nuo ju priklausanti statybos
sritis.

Darbo tikslas ir uZdaviniai. Pagrindinis Sio darbo tikslas — sukurti modelj,
kuris leisty pasirinkti racionaly investavimo sprendima, ivertinant architektt-
riniy sprendimy {taka investicinio, projektavimo, statybos, naudojimo ir
eksploatavimo procesy dalyviy tikslams bei poreikiams tenkinti, atsiZvelgiant {
visg pastato gyvavimo cikla.

Darbo tikslui pasiekti darbe reikia spresti Siuos uzdavinius:

1. Atlikti metody ir priemoniy, taikomy vienbuciy gyvenamuyjy namy

projektavimo uZdaviniams spresti, analizg.

2. Pasiflyti matematinj algoritma alternatyviems sprendimams jvertinti,
atsizvelgiant | daugiatikslj uzdavinio pobudj bei neapibréztuma.

3. Remiantis tyrimais iSskirti svarbiausius veiksnius, lemiancius
investicijy 1 vienbuéiy gyvenamyjy namy statyba efektyvuma,
parengti rodikliy sistema investiciniy projekty variantams apraSyti.

4. Ivertinti projektavimo proceso metu priimty architektiiriniy
sprendimy itaka visam pastato gyvavimo ciklui ir investiciju
efektyvumui.

5. Sukurti racionalaus vienbuciy gyvenamuyju namy kvartalo
investicinio projekto parinkimo modelj.

6. Pritaikyti sudaryta modelj vienbuciy gyvenamyjy namy racionaliam
investiciniam variantui parinkti.
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Mokslinis naujumas

1. Sukurtas racionalaus vienbuiy gyvenamyjy namy investicinio
projekto parinkimo, ivertinant architektiriniy sprendimy jtaka
pastato gyvavimo cikle, modelis, taikant daugiatikslj sintezés DSS1
metoda.

2. Modelyje integruoti daugiatikslio vertinimo ir matematinio
modeliavimo metodai siekiant energinio efektyvumo, ekonominio
naudingumo, gyvenimo kokybés bei racionalaus investiciju
planavimo varianto uzsakovo ir investuotojo-rangovo atzvilgiu.

3. Parengti integruoty rodikliy vertinimo sprendimai, minimizuojantys
informacijos neapibréztumo klausimus ir didinantys patikimuma.

Tyrimy metodika. Siame darbe visa medZiaga (oficialioji tarptautiniy
organizacijy, naujausia moksliniy duomeny baziy medZiaga, Lietuvos ir ES
asocijuoty verslo struktiiry (asociacijy, federacijy, technologiniy platformy),
Lietuvos institucijy pateikiama informacija bei kita medZiaga internete) tiriama
analizés biidu. Daugiatiksliai metodai lyginami bei parenkami remiantis
moksliniy publikacijy analize. Varianty rodikliy reik§més nustatomos
statistiniais, skai¢iuojamaisiais ir analogijos metodais, o rodikliy reikSmingu-
mai — ekspertiniais.

Praktiné verté. Gauti tyrimy rezultatai prapleCia gyvenamuyjy namy
statybos investiciniy varianty parinkimo galimybes ir gali biti naudojami tiek
tolimesniems moksliniams tyrimams, tiek praktiniam pritaikymui versle:

1. Sudarytas racionalaus vienbuciy gyvenamyjyu namy projekto
parinkimo, ivertinant architektriniy sprendimy itaka, modelis
geriausiems investavimo variantams atrinkti.

2. Sukurtas projektavimo paslaugy valdymo modelis pateiktas Lietuvos
statybos elektroninés sistemos kiirimo komandai, formuojanciai
naujai kuriamos sistemos koncepcija.

3. Atskiri modelio elementai panaudoti formuojant ir rengiant
koncepcija ,,BirStonas -EKO miestas*.

4. Tyrimy medZiaga ir atskiri modelio elementai naudoti formuojant
,,FP7 ECO-life projekto paraiska ir jgyvendinamo projekto analizés
etape.

Darbo rezultatai, iSvados ir pasifilymai pritaikyti rengiant gyvenamojo

namo statybos Vilniaus mieste investicini projekta.
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Ginamieji teiginiai

1. Sukurtas racionalaus vienbuiy gyvenamyjy namy investicinio
projekto parinkimo, ivertinant architekttriniy sprendimy jtaka
pastato gyvavimo cikle, modelis.

2. Racionaliis daugiatikslés sintezés DSS1 ir matematinio modeliavimo
metodai pritaikyti modelyje.

3.  Modelyje suderintos  energinio efektyvumo, ekonominio
naudingumo, gyvenimo kokybés bei racionalaus investiciju
planavimo varianto uZsakovo ir investuotojo-rangovo atzvilgiu
pozicijos.

4. Integruoty rodikliy formavimas tikslingas sprendziant informacijos
neapibréztumo klausimus.

Darbo apimtis. Disertacija sudaro jvadas, keturi skyriai ir rezultaty
apibendrinimas. Taip pat yra 4 priedai.

Darbo apimtis yra 136 puslapiai, neskaitant priedy, tekste panaudotos
numeruotos formulés, 22 paveikslai ir 30 lenteliy. RaSant disertacija buvo
panaudoti 136 literatiiros Saltiniai.

Pirmame disertacijos skyriuje apZvelgta Lietuvos ekonomikos vystymosi ir
gyvenamosios statybos Lietuvoje rinkos vystymosi situacija ir perspektyvos,
ivertinta uzsienio Saliy patirtis. Nagrin¢jamos investicijos, kaip mokslo
objektas, bei sprendimy paramos sistemos.

Antrame disertacijos skyriuje atlikta investicijy | gyvenamosios statybos
objektus problematikos analizé. ISnagrinéta gyvenamosios paskirties objekty
investiciné aplinka, investavimo proceso dalyviy tikslai, interesai ir juy derinimo
teisinés problemos. ISanalizuoti architektiiriniai sprendimai darnios plétros
kontekste, ir pateikti praktiniai pavyzdziai, igyvendinti uZsienio Salyse. Atlikta
gyvenamuyjy pastaty gyvavimo ciklo analizé, problemosir klausimai, kurie kyla
skirtinguose pastato gyvavimo ciklo etapuose, ju sprendimo keliai. ISnagrinéti
energetinio naudingumo modeliai Siuolaikiniuose pastatuose.

TreCiame skyriuje suformuotas racionalaus vienbuciy gyvenamuyju namy
projekto parinkimo, {vertinant architektiiriniy sprendimy itaka, modelis.
Pateikta investicinio projekto vertinimo modelyje naudojamy rodikliy sistema,
iSdéstyti varianty formavimo principai, uzdavinio sprendimo etapai. Dél
uzdavinio kompleksiskumo, didelio statybos proceso dalyviy skaiciaus,
poreikio keistis informacija, dalintis turima patirtimi ir siekiant kompleksiskai
derinti veiksmus buvo pasirinktas daugiakriterinés sintezés metodas DSS1 ir
sprendimy paramos sistema skirta kaupti pradinius duomenis, juos apdoroti,
taikant jvairius matematinius ir loginius modelius.
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Ketvirtame skyriuje pateiktas modelio pritaikymo konkretaus racionalaus
investicijy | vienbucio gyvenamojo namo statyba varianto parinkimas.

Bendrosios iSvados

Atlikus analizg, sudarius racionalaus investavimo i vienbuéiy gyvenamyjy
namy statyba sprendimy matematini modeli ir pagal $i modeli iSsprendus
praktini uzdavinj, suformuluotos $ios mokslinés ir praktinés iSvados:

1.

Nustatyta, kad uZsienio praktikoje per 10-15 mety yra suformuoti
ivairGs energija efektyviai naudojanciy ir netgi energija gaminanciy i§
atsinaujinan¢iy energijos Saltiniy pastaty, ivairiis ,protingy namy"
modeliai ir atlikti vertinimai rodo, kad investicijos i Siuos pastatus
atsiperka. Kai tuo tarpu Lietuvoje tik apie 2009-2010 metus pradéta
aktyviai kalbéti ir 2009 metais pastatytas ir sertifikuotas pirmasis
individualus “pasyvaus namo” standartus atitinkantis gyvenamasis
namas.

Nustatyta, kad esami individualiy namy statybos investiciniy projekty
efektyvumo vertinimo sprendimy modeliai yra nepakankami, siekiant
ivertinti skirtingy rinkos dalyviy investuotojo ir galutinio vartotojo
poreikius ir pozicijas, ekonominio efektyvumo, investicijy racionalumo
bei gyvenimo kokybés aspektais.

Darbe identifikuotos kritinés esamos investiciniy projekty formavimo
ir igyvendinimo sistemos problemos, susij¢ su nekorektisku paciy
uzdaviniy formulavimu ir maziausios kainos taikymu perkant
projektavimo ir statybos rangos paslaugas.

ISanalizavus pastato gyvavimo cikla ir parengus schema, nustatyta, kad
architekttiriniai sprendimai tiesiogiai veikia investiciniy projekty
kastus visuose statybos etapuose ir turi tiesioging itaka pastato
efektyvumui ir vertei. Tinkamas $iy sprendimy ivertinimas funkcine,
ekonomine, poreikiy patenkinimo, efektyvumo bei kitais aspektais dar
pradiniame projektavimo etape suteikia galimybg suformuoti virtualy
sprendima ir pastato gyvavimo cikle sutaupyti iki 25% projekto 1€Su.
Ilgalaikéje perspektyvoje, siekiant racionalaus investavimo | vienbuciy
gyvenamuyjy namy statyba sprendimo, tikslinga:

e statytojui - investicijas susieti aukStesniy reikalavimy nei
minimaliis reglamentuojami reikalavimai nustatymu, taikant
energetinio efektyvumo ekonominio naudingumo principa.

e valstybei - visapusiSkai skatinti investiciju 1 energijos
efektyvumo didinima bei atsinaujinanciy energijos Saltiniy
naudojima, taip skatinti inovacijas, kurti naujas darbo vietas,
naujus verslus ir didinti eksporta.
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6. Siuo tikslu parengtas racionalaus investavimo i vienbuéiy gyvenamuyjy
namy statyba sprendimy, naudojant daugiakriterinés sintezés ir
matematinio modeliavimo metodus modelis;

7. Modelyje suformuoti vienodai interpretuojami atskiry statybos
elementy ir procesy vertinimo (inZinerinés komunikacijos, finansiniy
rodikliy, konstruktyvo parinkimo ir t.t.) integruoty rodikliy sprendimai.

8. Modelio principiniai sprendimai pritaikyti praktikoje, formuojant
tarptautini FP7, CONCERTO programos “Eco-life” projekta,
“BirStonas ECO-miestas” koncepcija bei iSbandyti sprendZziant
konkrety wuzdavini, siekiant nustatyti efektyvy architektiiriniy
sprendimy ir investicijy { gyvenamuosius namus variantg.
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