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Introduction

Scientific problem — the State of art evaluation of buildings and the
measures of renovation is understandable as continuous process, not only as
onetime operation.

Continually updated decision-making tools already developed, but they are
mostly used by economic criteria. However, the growing awareness of the
broad range of building refurbishment (not just economic) benefits, but the lack
of more general opinions on what criteria should be evaluated. Most scientists
agree that the building assessment must be carried out in accordance with any
of the criteria, covering a range of building-related areas: improved conditions
in the premises, minimizing the environmental impact, change of building state
in its life cycle. Concept of sustainable development is often mentioned, but it is
descriptive of the evaluation criteria for building search continues in practice
and science.

The existing building conditions assessment methods for energy-saving
measures for sustainable evaluation criteria, decision-making and continuous
building management tools are analyzed in this dissertation.

Topicality of the problem — construction of new buildings in Europe is
only a small part of all the buildings. The main consumer of energy in the
building sector is the existing buildings, which account for about 99% of the
building sector.

Becoming more stringent EU requirements are tightening for new
buildings and the gap between the energy consumption in existing and new
buildings is increasing. Continuous management (supervision) of existing
buildings, the improvement of its energy efficiency is becoming more important
in the context of tightened EU requirements and development of technology.

In this environment the demand of better comfort conditions, information
about energy consumption, the reduction of energy use, increase. On the other
hand upraise of technological capabilities (Building automation control systems
(BACS), modeling and decision-making tools) allow conditions and demand to
continuous management of building energy performance characteristics. More
often buildings in the design stage are modeled by computer modeling tools to
achieve a lower energy demand. Meanwhile, the modeling tools for existing
buildings to assess opportunities for reduction of energy consumption are rare.

Scientists of electronics and automation usually tackle the problem of
continual supervision of energy consumption. Their studies usually examine
reliability of the sensors and controllers, the elimination of errors, data



processing and storage problems. The energy efficiency in these studies is
understood as maximally smoothly working energy systems without touching
their own improvement.

It also created a continuous management tools used to assess the potential
for building renovations, but the choice of one or only a few areas of assessing
criteria. Concept of sustainable development is increasingly encompasses all
areas of life and should be used for the assessment of buildings, the renovation,
management and supervision. Thus, the state of art building's site management
should be organized on the basis of not only economic benefits, but also
assessing the social and environmental benefits — the evaluation of the concept
of sustainable development principle.

Object of the work — energy performance characteristics of public
buildings, the influence of change of characteristics to continual management,
sustainable criteria for characteristics evaluation. Continual management of
building energy performance characteristics is understandable, decisions
formed under actual information about building condition basis for preventive
maintenance.

Aim of the work — to create the algorithm of expert system for
management of building energy performance characteristics which sustainably
evaluate the potential of building renovation and more effective energy
consumption.

Tasks of the work

It was selected to solve these tasks to achieve the aim of the work:

1. To take cognizance and analyze existing energy audits, building
assessment, monitoring, and energy analysis techniques. To analyze a building's
energy consumption, their dependence on the various factors used in the energy
balancing algorithms.

2. To create the balance equation for analysis of building energy
performance characteristics, this should be applicable for continual
management of the building.

3. To analyze evaluation methods for energy efficiency measures of
buildings. To review the criteria used by scientists for evaluation of the energy
efficiency measures, and criteria in coherence with the components of
sustainable development. To create a set of criteria assessing sustainable point
of view for energy efficiency measures with attributes expressing the criteria
set.



4. To create multi-criteria method for sustainable evaluation of energy
efficiency measures for the building and for packets formation of the evaluated
measures.

5. Develop the algorithm for model of sustainable management of
building energy performance characteristics, in which building performance
characteristics are analyzed, the energy efficiency measures are proposed, their
impact on the environment and building is assessed by sustainability criteria.

Methodology of research. Actual energy consumption of the building is
analysed after recalculation to specific consumption and the balance equation is
constructed by specific consumption components. Balance equation is
constructed by the “bottom up” method starting from the end user, the objective
is to ensure equality of comfort conditions in the building.

Energy efficiency measures are evaluated by multi-criteria method. The
criteria are normalized by SAW method (Simple Additive Weighting).
Sequential multi criteria methodology for evaluation energy efficiency
measures and their packets formation is constructed by decision tree method.

Scientific novelty

New results for Energetics and Power Engineering science where got in

the thesis:

1. The balance equation was created, for sustainable management of
building energy performance characteristics on the already used
balance equations

2. Criteria tree is created for sustainable evaluation of energy efficiency
measures by general sustainability criterion, when in duration of life
cycle the energy efficiency, environmental impact, economical
rationality and comfort is assessed.

3. The algorithm developed by decision tree method for packets
formation of energy efficiency measures for selection of the basic and
additional list.

4. Model of management of sustainable energy performance
characteristics was developed for continual supervision of energy
performance characteristics and for improvement of its effectiveness.

Practical value. The results can be used for building maintenance
planners, managers and modernization of buildings assessors for preparation of
modernization plans for more efficient and better quality of building energy
management in concept of sustainability principles.



Defended propositions

1. Specific energy consumption analysis allows dissociating from the
influence of climatic conditions. For continual building management,
evaluation of individual components it is necessary to examine energy
balance equation, which consists of the components of specific energy
consumption.

2. Sustainable assessment of energy efficiency measures should include
not only energy-saving, environmental and economic benefits, but also
the selected or required level of comfort in the premises. When
analysis starts with a 'bottom-up' approach of the end user, the
necessary level of comfort in the premises is provided. Sustainability
should also be assessed point of view of the life cycle of the building.

3. Establishment of necessary measures and created method for grouping
the measures simplify the decision making process and let to ensure
comfort conditions after renovation.

4. The expert system, continually working on basis of actual energy and
other resources consumption monitoring and analysis, increase the
sustainability of building maintenance and resources consumption, lets
to use the building more efficient, make decisions for building retrofit.

The scope of the scientific work. The scientific work consists of the
introduction, 3 chapters, conclusions, list of literature, list of publications and
addenda. The total scope of the dissertation — 84 pages, 27 pictures, 10 tables.

1. Review of evaluation methods of buildings and retrofit measures and of
methods for continual monitoring

In this chapter the methods for evaluation of building energy consumption,
renovation measures applied in practice and scientific research are analyzed.
Also multi-criteria methods and application of continual improvement for
building sector are analyzed.

The most accurate analysis of energy consumption is analysis based on
actual consumption, but simulated detecting the differences, and eliminating the
detected reasons. The main reason, which influence the difference of the results
for energy consumption, researchers refer to occupants behavior.

Heat balance method and weighting-factor method are two basic methods
to resolve the heating load or energy consumption. The heat balance method is
more accurate, because the heat gains and heat fluxes from different energy
systems inside the building can be evaluated. For this reason the new generation
simulation programs for buildings energy use are based on heat balance
method.



The evaluation and prioritization of EEM (Energy efficiency measures)
depends on the chosen criteria. The most commonly used criterion is
economical evaluation. Another popular criteria for evaluation of EEM is
energy efficiency or energy saving. It is related with economic criteria, because
without saving will be no financial benefit of implementation of EEM. So the
measure which is economically feasible has energy savings as well. The energy
efficiency criteria often is used together with criteria of environmental impact
and in literature is presented as 2E criteria and with economic criteria 3E
evaluation. Environmental and energy efficiency criteria usually are met Life
cycle analysis (LCA).

When criteria are defined the clear structure and procedure for decision
making should be defined. It is easier to implement energy efficiency measures
to newly designed and constructed buildings than to old ones (already built
ones). To assess their situation and adapt energy efficiency measures there is a
need of deep knowledge and expertise of various specialists. This raises the
need for this expertise to organize, generate the optimal, best individually suited
kits of building energy efficiency measures. Multi criteria decision making-
separate area of science and its application in choosing correct building EEM
requires interdisciplinary approach. Decision tree (DT) is a versatile
information clustering and classification tool used in a wide range of scientific
and industrial fields.

Summarizing the described studies with different purposes of EEM
evaluation and different criteria, the conclusion is that to evaluate EEM in
sustainable and universal aspect the complex of criteria should be used, which
involve energy efficiency, environmental impact, economical rationality,
comfort and life cycle duration. It is more appropriate and clear to perform the
sequential and cyclical decision making by decision tree method. The model of
sustainable management of building energy performance characteristics was
created, which is based on energy consumption analysis by heat balance
equation and DT method for decision making by five sustainability criteria.

2. Model of sustainable management of building energy performance
characteristics

The model of sustainable management of building energy performance
characteristics (SMoBEPC), which was created, is presented in this chapter.
This model is designed for continual management and supervision of building
and for planning the possibility of building retrofit.

The review of methods of buildings energy performance assessment and
continual improvement open three parts for analysis for construction of model



for sustainable management of building energy performance characteristics.
The first step is analysis of initial data — consumption analysis.

The new heat balance is comprised in the way to utilize the maximum heat
gains providing building services with comfort conditions. Another one
requirement for heat balance is appropriate number of members in equation, for
convenient evaluation of energy saving measures. When heat balance is used
for continual assessment the specific consumption (expressed in W/K) is more
appropriate, because the indoor and outdoor climate information would be
eliminated and only “pure” consumption analyzed. The energy generation is not
considered, because the boundary of equation is only the building space.

The target of the analysis of energy consumption and implementation of
energy saving measures is comfort conditions in the building. So the equation is
rewritten by “bottom up” method, starting from final consumer to ensure
comfort conditions in the building. In the left side of balance equation equality
is heat, which is needed to ensure comfort conditions(z Aju; +cp ) anj). And
in the right side of equality the delivered heat is presented:

YA + cp X Viny = ¥ Hyel + nr(Hp + ngHg + Hg) + X nrxHryx — X Hyx (1)

Where Hy, — specific resources consumption, W/K; (Z Aju; + cpZan]-) -
specific heat losses W/K; nr — gains utilization factor according internal
temperature; Hp —internal gains from inhabitants, W/K; #g — utilization factor for
gains from electric appliances; Hg — internal gains from electric appliances,
W/K; Hg — gains from solar radiation, W/K; #rx — heat recovery efficiency
factor; Hgy — specific recovered heat from ventilation and domestic hot water
systems, W/K; Hy — heat losses from building services systems, W/K.

The flow of delivered resources has two streams of energy (electricity and
heat) and water. The electricity flow has two ways: one is electricity consumed
by lighting, electrical and auxiliary appliances. The balance is based on heat
flow, so in concept of heat, the energy (electricity) used but the heat which is
not extracted is loss (Hy) in point of heat flow. The amount of energy from
electrical appliances transformed to heat is heat gained from electrical
appliances (HE).

The described heat balance equation for distribution of heat according its
origin lets to analyze and find the main points, where heat is consumed. This
way of analysis is very visual how the utilization of gains and heat recovery
possibilities can be used for more efficient energy use. Also this equation is
applicable to energy analysis for continual improvement and is very handy
when changes only part of energy consumption, and recalculations become
easier, then only data about alternation needs to be recalculated.
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Sustainable evaluation of EEM can be performed only estimating
multicriteria. And multicriteria should cover and be integrated from different
fields of science: energy, environment, economy, comfort and construction. The
criteria tree with attributes and their optimization functions construct the
general sustainability criteria, as it is shown in Fig. 1. The general sustainability
criteria (GSC) tree consists of 5 criteria, which are expressed by attributes. All
attributes have their optimization function, as it is shown in Fig. 1.

Criteria

Energy efficiency

Environmental
impact

Sustainability
criteria

Economically
rational

Physical comfort

Life cycle duration

Attributes

Savings of primary energy )

ot Reduction of heat load )

Ratio of CO2 savings and
ma emitted CO2 by
implementing EEM

‘@s Investment

Real payback period

Cost of saved energy

’77@*
Net present value
Increase of building value
o1 Keeping of standard indoor
climate parameters
max

Extension of buildings
lifecycle

Fig. 1. Tree of sustainability criteria

The selection of criteria and assessment of their attributes is incomplete
information for decision maker. Each attribute of the criteria has different units,
different optimization functions. The normalization process by SAW method is

11



based by comparing attribute values of analyzed alternatives with the best
result, and evaluation the difference from the best value.

Then separate EEM are evaluated, the next question for decision maker is
how to form the packets of EEM. Sequential prioritization and distribution DT
(DDT) is formed for distribution of EEM to the basic and additional EEM’s.
This method optimizes the formation of EEM packets.

The optimization sequence starts with finding the obligatory EEM, which
should be implemented. The obligatory measures have to be defined by
decision maker in the first stage, when building is analyzed. The obligatory
measures are defined to accomplish the technological or comfort requirements
of the building. Also obligatory measures can appear after modernization, and
then characteristics of building are changed. All EEM should meet comfort
criteria, so the EEM with comfort criteria should be met for all measures,
otherwise is eliminated. The evaluation of EEM by general sustainability
criteria (GSC) shows which EEM is the best, so it should be added in all
packets. Second priority of the EEM is the best result of one of criterions (e.g.
Energy saving, o economical rational), except comfort criterion. The comfort
criterion is evaluated separately in second node of the tree, so is eliminated in
the fourth node.

The formation of basic list lets to optimize the number of alternative
packets and to optimize the decision making to find the best packet of EEM. So
with 5 EEM only four packets can be formed instead of 31 if all packets are
formed randomly from all EEMs. 10 EEM can form more than 1000
combinations, but distribution decision tree will optimize this number to 20
packets.

SMoBEPC is designed for public buildings. The purpose of the model is
energy efficient building is sustainable point of view. It means that tightening of
the building and “tightening” of energy bills should not pass the requirements
for comfort.

In the first part of model algorithm the input about initial data is set and
analyzed. The information about building characteristics is building architecture
and construction and energy consumption (with the analogical climatic
conditions). The architecture and construction are unvaried information except
reconstructions cases. The energy consumption (heat and electricity) is varying
every day, but has more or less cyclical period of one year.

Then initial building data is set, the actual energy consumption is
recalculated to specific energy consumption and heat balance equation is
formed. Then EEM are evaluated by GSC. Then separate EEM are evaluated,
the packages of EEM are formed according distribution decision tree.

12
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Fig. 2. The algorithm of sustainable management of building energy
performance characteristics

The sequence of described sets is shown in Fig. 2, where the algorithm of
sustainable management of building energy performance characteristics is
presented. The discontinuous line shows the continuity of the process, there is
no end in the algorithm, it is repeated periodically.

The SMoBEPC is computer assisted process for evaluation of energy
consumption and it can evaluate opinion of each person in the building about
comfort. Feedback of building occupants about physical comfort has to be
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analyzed to separate the individual (personal) features, neutral comfort
conditions and expected pleasant comfort conditions. The target of comfort
conditions feedback system is to define the neutral comfort conditions and to
seek for pleasant comfort conditions. The pleasant comfort conditions are not in
the first target because pleasant conditions for different occupants (of different
age, sex, metabolic rate and etc.) are different, but it can be as the secondary
target.

The SMoBEPC is continual process which covers energy management
system, monitoring and continual decision making tool. The last part of the
algorithm is output of rated packages of EEM. This information is specialized
for building administrators and managers as decision support tool for more
energy efficient building use in sustainability point of view.

3. Analysis of results of implementation of model of sustainable
management of building energy performance characteristics

In this chapter the case study of implementation of SMoBEPC is
presented. The aim of case study is to show usage of the described model for
the real buildings. The examination of model is prepared for two different
public buildings. After initial data analysis, separate EEM there evaluated by
general sustainability criteria. The list of EEM types is presented in the table 1.

Table 1. Description of energy efficiency measures (EEM)

ﬁfb Egﬁatt;gz Description of EEM
EEM1 Insulation of external walls
EEM2 Insulation of roof
EEM3 Installation of triple windows
EEM4 Installation of portal doors
EEMS Insulation of ground floor
EEM6 Modernization of heat substation
EEM7 Modernization of heating system. Behavior for energy (heat) efficiency
EEMS Moderni;ation /implementation of mechanical ventilation system with
recuperation
EEM9 Modernization of lighting system
EEM10 Behavior for energy (electricity) efficiency

14



The evaluation of each EEM attribute values are evaluated and normalized
by each attribute optimization functions. Figures 3—4 provide charts principle as
the larger area defined by the EEM curve, the higher the value of the GSC. It is
also convenient to compare values for each criterion. The criterion value is
farther away from the center, the greater its importance.

et EEM |

EEM2
—A— EEM3
EEM4

esoXs oo EEMS

—e— EEM6

== EEM7
EEMS
EEM9

- -¢— EEMI0

Fig. 3. Sustainability criteria of separate energy efficiency measures of building A

et EEM |
EEM2
——A=—— EEM3
e EEM4
eeoxe oo EEM5
—e— EEMO6
=i EEM7
EEMS
EEM9
- -¢— EEMI0

Fig. 4. Sustainability criteria of separate energy efficiency measures of building B

Sensitivity analysis for criteria weights was performed in four scenarios.
The results show that the maximum GSC values change occurs in the
environmental scenario. The changing political situation, and the emergence of
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a greater focus on the environment, it would be reasonable to SMoBEPC give
different weights for this criterion.

The packets formation where done by distribution decision tree. The best
packages of both buildings differ, but the trend of complexity remains.

Proposed limited number of criteria for multicriteria analysis is
characterized by clear structure, sequence as easily assessed reliability of
received indicators. It enables to define the criteria values according the
calculations of defined attributes. Sequential prioritization and distribution is
formed under Generalization decision tree to optimize the number of EEM
packages.

The example of two different cases shows, that evaluation of GSC express
not only the economic benefit, but benefit for human’s welfare and for
environment as well - the sustainable and complex view to the building.

General conclusions

1. The review of energy audits, buildings assessment, monitoring and
analysis of energy consumption showed that the and accuracy of
method and level of detail depends on the aim of the analysis, which is
usually only one (to assess the current energy consumption, influence
of renovation measures, decisions making, building management tool).
However, there is no one continuous building management tool that
includes an analysis of the current energy consumption, sustainable
assessment of measures, packet formation and the preparation of the
decision-making.

2. The balance equation constructed on the basis of specific energy
consumption inter alia show the uncertainty of energy consumption,
rather than dependence on climatic conditions, so it is a suitable
method to analyze human behavior and to evaluate the management of
building characteristics.

3. Sustainable and comprehensive evaluation of energy efficiency
measures should be carried out by complex criteria for assessing the
energy efficiency, environmental impact, economic rationality,
comfort and the building life cycle. The evaluation of energy
efficiency measures by general sustainability criteria include building
energy consumption, potential of environmental impact, the degree of
depreciation of the building and the comfort conditions before the
implementation of measures and after implementing them, and not just
economic benefits.

4. The algorithm for grouping of measures based on sequential decision
tree method, simplifies the decision-making process, the selection of

16



only those conditions that ensure comfort and have high values of
sustainability criteria. The formation of basic packet reduces the
number of possible alternatives to 2% of all mathematically possible
alternatives.

5. The formation of energy efficiency packages showed that the complex
installation of energy efficiency measures have more impact on the
effective management of the building than the individual installation
steps. Largest general sustainability criterion value of individual
measures was 0.633 when general sustainability criterion values of
grouped packets were 0.673 to 0.909 ranges, i.e. the minimum value of
packets was higher than the maximum value of the individual
measures.

6. The model for sustainable management of energy performance
characteristics of the building is designed for continual building's
energy performance monitoring, the improvement of the
implementation of the principles of the building site management, and
evaluating the potential of modernization measures by general
sustainability criteria. It allows the selection of solutions for greater
effectiveness.

7. Case study model of building sustainable management of energy
performance characteristics of two different buildings has shown that
the model is suitable for both buildings built before 1990 and
belonging to the construction of a new building. This model is suitable
for the various purpose public buildings as building maintenance and
management tool. It can be used in the analysis of alternatives for the
new designed buildings as well.
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PASTATO ENERGINIU SAVYBIU DARNAUS VALDYMO
MODELIS

Problemos formulavimas — Siuolaikinis ir modernus (State of art) pastaty
ir jy atnaujinimo priemoniy vertinimas jau suprantamas kaip nuolatinis
procesas, o ne vienkartinis veiksmas. Nuolat atnaujinamy sprendimy priémimo
irankiy jau yra sukurta, bet jie daZniausiai remiasi tik ekonominiu vertinimo
kriterijumi. Vis délto plinta supratimas apie pastaty atnaujinimo visapus¢ (ne tik
ekonoming) naudg, bet stokojama bendresnés nuomonés, kokiais kriterijais
remiantis tai turéty buti vertinama. Dauguma mokslininky sutaria, kad pastaty
vertinimas turi biiti atliekamas remiantis ne vienu kriterijumi, apimanciu
jvairias su pastatu susijusias sritis: geresnes salygas patalpose, poveikio aplinkai
mazinima, pastato biiklés pasikeitimg per jo gyvavimo ciklg. Darnaus
vystymosi koncepcija daznai minima, bet ja apibiidinanciy kriterijy pastatams
vertinti paieska tesiasi tiek praktikoje, tiek moksle.

Siame darbe nagriné¢jami pastaty esamos biiklés jvertinimo metodai,
energijos taupymo priemoniy darnaus vertinimo kriterijai, sprendimy priémimo
ir nuolatinio pastato valdymo jrankiai.

Mokslo problemos aktualumas — Naujos statybos pastatai Europoje
sudaro tik maza dalj visy pastaty. Esami pastatai yra pagrindinis energijos
vartotojas pastaty sektoriuje, kurie sudaro apie 99% viso pastaty sektoriaus.

Grieztéjant ES reikalavimams naujai statomiems pastatams didéja atotrakis
tarp energijos sanaudy esamuose ir naujai statomuose pastatuose. Esamy
pastaty nuolatinis valdymas (prieZitra), jy energinio efektyvumo gerinimas
darosi vis svarbesnis griezt¢jant ES reikalavimams ir tobuléjant technologijoms.

Taigi, didéja komforto salygy gerinimo, informavimo apie energijos
sgnaudas, jy sumaZinimo priemoniy paklausa. Kita vertus technologiniy
galimybiy atsiradimas (PAVS sistemos, modeliavimo ir sprendimy priémimo
irankiai) sudaro salygas ir poreikj nuolatiniam esamy pastaty energiniy savybiy
valdymui. Kompiuterinémis modeliavimo priemonémis vis daZniau pastatai
modeliuojami maZesniam energijos poreikiui pasiekti projektavimo metu, bet
modeliavimo jrankiai jau naudojamo pastato energijos sgnaudy sumazinimo
galimybéms jvertinti naudojami retai.

Nuolatinio energijos sanaudy stebéjimo problemg dazniausiai sprendZia
elektronikos ir automatikos srities mokslininkai. Jy atliekamos studijos
nagring¢ja valdikliy ir jutikliy veikimo patikimuma, klaidy Salinima, duomeny
apdorojimo ir saugojimo problemas. Siose studijose energijos vartojimo
efektyvumas daZniausiai suprantamas, kaip galimai sklandZiau veikiancios
energetinés sistemos, bet neaptariamos jy paciy tobulinimo galimybés.
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Taip pat kuriami nuolatinio valdymo jrankiai naudojami ir pastaty
atnaujinimo galimybéms jvertinti, taCiau pasirenkami vieng ar tik kelias sritis
jvertinantys kriterijai. Darnaus vystymosi koncepcija vis plac¢iau apima visas
gyvenimo sritis ir turéty biiti taikoma pastatams vertinti juos atnaujinant,
turéty biiti organizuojamas remiantis ne tik ekonomine, bet ir socialine bei
aplinkosaugine nauda, t. y. vertinant darnaus vystymosi koncepcijos principu.

Darbo tyrimy objektas — vieSosios paskirties pastato energinés savybeés, ju
(savybiy) pokyCiy jtaka pastato nuolatiniam valdymui, pasikeitusiy
charakteristiky darnaus vertinimo kriterijai. Pastato energiniy savybiy nuolatinis
valdymas Cia suprantamas, kaip faktinés informacijos apie pastato bukle
pagrindu formuojami sprendiniai veiksmingai prevencinei jo priezitrai.

Darbo tikslas — parengti pastato energiniy savybiy valdymui skirtos nuolat
veikiancios ekspertinés sistemos algoritma, kuriuo darniai jvertinamos pastato
atnaujinimo ir efektyvesnio energetiniy iStekliy vartojimo galimybés.

Darbo uZdaviniai

Darbo tikslui pasiekti pasirinkta spresti Siuos uzdavinius:

1. ISanalizuoti esamas energiniy audity, pastaty vertinimo, monitoringo ir
energijos sagnaudy analizés metodikas. ISanalizuoti pastato energijos poreikius,
ju priklausomybg nuo jvairiy faktoriy, naudojamus energijos sanaudy
balansavimo algoritmus.

2. Sudaryti nuolatiniam pastato valdymui parankiag balansavimo lygtj
pastato energinéms savybéms nagrinéti.

3. ISanalizuoti pastaty energinj efektyvuma skatinanciy priemoniy
vertinimo metodus. ApzZvelgti mokslininky naudojamus kriterijus energijos
taupymo priemonéms vertinti, kriterijy sasaja su darnaus vystymosi koncepcijos
komponentais. Sudaryti darnaus vertinimo Kkriterijy su juos iSreiSkianciais
atributais rinkinj energijos taupymo priemonéms jvertinti.

4. Sukurti darnaus vertinimo daugiakriterj metoda energinio efektyvumo
didinimo priemonéms pastate vertinti, Sioms priemonéms grupuoti j paketus.

5. Parengti pastato energiniy savybiy valdymo modelio algoritma,
kuriame biity analizuojamos pastato energinés savybés, sililomos diegti
energijos taupymo priemonés, o jy jtaka pastatui ir aplinkai jvertinta darnumo
kriterijais.

Tyrimy metodika. Pastato faktinés energijos sanaudos analizuojamos
perskaiciavus jas ] savitasias sanaudas ir i§ jy sudarant balanso lygtj. Balanso
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lygtis sudaroma “bottom-up” (i§ apacios) metodu pradedant nuo galutinio
vartotojo, kai lygybés tikslas yra uZtikrinti komfortines salygas pastate.

ETP priemoniy vertinimas atliekamas daugiakriteriu vertinimu. Kriterijai
normalizuojami SAW (Simple Additive Weighting) metodu. Nuosekli
daugiakriteré ETP ir jy pakety vertinimo metodika sudaryta taikant sprendimy
medZio metoda.

Mokslinis naujumas
Rengiant disertacija buvo gauti Sie energetikos ir termoinZinerijos
mokslui nauji rezultatai:
1. Remiantis jau naudojamomis Silumos balanso lygtimis sudaryta
balanso lygtis, skirta pastato energiniy savybiy darniam valdymui.

2. Sukurtas darnaus energijos taupymo priemoniy vertinimo kriterijy
medis bendrajam darnumo kriterijui jvertinti, kai gyvavimo ciklo
trukméje vertinama priemoniy energijos taupymas, poveikis aplinkai,
ekonominis racionalumas ir komfortas.

3. Sprendimy medZio metodu sukurtas algoritmas atnaujinimo priemoniy
pakety formavimui, kai priemonés atrenkamos j pagrindinj ir pagalbinj
paketus.

4. Nuolatiniam pastato energiniy savybiy steb¢jimui ir jy veiksmingumui
gerinti sudarytas pastato energiniy savybiy darnaus valdymo modelis.

Praktiné verté. Darbo rezultatai gali biiti naudojami rengiant pastaty
modernizavimo planus, siekiant efektyvesnio ir kokybiSkesnio pastaty energijos
poreikiy valdymo darnumo koncepcijos principu pastaty prieZiliros
planuotojams, valdytojams ir modernizavimo galimybiy vertintojams.

Ginamieji teiginiai

1. Savityjy energijos sanaudy analizé¢ leidZia atsiriboti nuo klimatiniy
salygy itakos. Nuolatiniam pastato valdymui, atskiry jo komponenty
vertinimui biitina nagrinéti “bottom-up” metodu sudaryta energijos
balanso lygti, susidedanciag i§ ty komponenty savityjy energijos
sgnaudy.

2. Darnus ETP vertinimas turi apimti ne tik energijos taupymo, poveikio
aplinkai ir ekonoming nauda, bet ir pasirinkta ar privaloma komforto
lygi patalpose. Analize pradedant “bottom-up” metodu nuo galutinio
vartotojo numatomas reikalingas komforto lygis patalpose. Taip pat
darnumas turi biiti vertinimas pastato gyvavimo ciklo poZitriu.
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3. Bitiny jgyvendinti priemoniy nustatymas bei parengtas priemoniy
grupavimo biidas leidZia uZtikrinti komfortines salygas pastate po
renovacijos ir supaprastina sprendimy priémima.

4. Realiy energijos ir kity iStekliy vartojimo duomeny stebésenos ir
analizés pagrindu nuolat veikianti deriniy parinkimo ir sprendiniy
parengimo ekspertiné sistema padidina pastato prieZzitlros ir iStekliy
naudojimo darnumg, leidZia veiksmingiau naudoti pastata, priimti
savalaikius sprendimus dél jo atnaujinimo.

Darbo apimtis. Darbg sudaro jvadas, 3 skyriai, iSvados, literatiiros sgrasas,
publikacijy sarasas. Bendra disertacijos apimtis — 84 puslapiai, 29 iliustracijos,
ir 10 lenteliy.

Pirmame disertacijos skyriuje nagriné¢jami mokslininky naudojami pastaty
vertinimo pagal energijos sgnaudas metodai, energijos balanso lygtys pastaty
analizei. Taip pat apZvelgiama pastaty modernizavimo vertinimo Kriterijai,
sprendimy priémimo metodai, nuolatinio pastato stebéjimo ir analizés principai.
Tiek inZinieriy praktiky tarpe, tiek mokslinéje visuomenéje kyla klausimas kaip
tieckiant kuo maZiau energijos suteikti pastatui kokybiSkas energetines
paslaugas. Atliekami tyrimai, studijos, kuriamos metodikos Siam klausimui
atsakyti. Siame skyriuje pateikiama atlikty tyrimy ir sukurty metody apZvalga,
kurios pagrindu kuriamas pastato energiniy savybiy valdymo modelis.

Antrame disertacijos skyriuje pateikiamas darbe sukurtas pastato energiniy
savybiy darnaus valdymo modelis ir jo veikimo algoritmas. Sis modelis skirtas
nuolatiniam pastato valdymui ir stebésenai bei atnaujinimo galimybiy
planavimui.

Treciame skyriuje pateikti modelio taikymo rezultatai. Atvejo analizé
atlikta dviem vieSosios paskirties pastatams siekiant patikrinti 2 skyriuje
pateikto pastato energiniy savybiy darnaus valdymo modelio pritaikomuma, jo
poveiki pastato valdymo eigoje.

Bendrosios isvados

Suformuluotos §ios mokslinés ir praktinés iSvados:

1. Atlikta esamy energiniy audity, pastaty vertinimo, monitoringo ir
energijos sanaudy analizés apZvalga rodo, kad metody tikslumas ir
detalumas priklauso nuo analizés tikslo, kuris dazniausiai yra tik
vienas (jvertinti esamas sgnaudas, atnaujinimo priemoniy jtaka,
pasirinkti sprendimy priémima, pastato valdymo jrankj). Taciau néra
vieno nuolatiniam pastaty valdymui skirto jrankio, kuris apimty esamy
sgnaudy analiz¢, darny priemoniy vertinimg, pakety formavimg ir
sprendimo parengima jo priémimui.
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Balanso lygtis, sudaryta savityjy energijos sanaudy pagrindu, be kita
ko, rodo ir sgnaudy neapibréZtuma, o ne priklausyma nuo klimatiniy
salygy, todél tinka Zmogaus elgsenos jtakai energijos sanaudoms
analizuoti ir pastato energiniy savybiy valdymui jvertinti.

Darnus ir visapusiSkas energijos taupymo priemoniy vertinimas turéty
biiti atlieckamas remiantis kriterijy kompleksu, kuriuo vertinama
energinis efektyvumas, poveikis aplinkai, ekonominis racionalumas,
komfortas ir pastato gyvavimo ciklas. Energijos taupymo priemoniy
vertinimas bendruoju darnumo kriterijumi apima pastato energijos
sanaudas, poveikio aplinkai potenciala, pastato nusidévéjimo laipsnj ir
komforto salygas prie§ priemoniy diegimg ir jas jdiegus, o ne vien
ekonoming naudg.

Sudarytas priemoniy grupavimo algoritmas, paremtas nuosekliu
sprendimy medZio metodu, supaprastina sprendimy priémimo
procediirg, atrenkami tik tie, kurie uZtikrina komforto salygas ir turi
dideles darnumo Kkriterijy reikSmes. Pagrindiniy priemoniy paketo
sudarymas sumaZzina galimy alternatyvy skaiiy iki 2% visy
matematiSkai galimy alternatyvy.

Energijos taupymo priemoniy pakety formavimas rodo, kad
kompleksinis energijos taupymo priemoniy diegimas turi daugiau
itakos pastato efektyviam valdymui nei pavieniy priemoniy diegimas.
Pavieniy priemoniy didZiausia bendrojo darnumo kriterijaus reikSmeé —
0,633, o sugrupuoty pakety bendrojo darnumo kriterijaus verciy
intervalas 0,673-0,909, t. y. pakety bendrojo darnumo kriterijaus
reik§més yra didesnés nei atskiry priemoniy bendrojo darnumo
kriterijaus vertés.

Sukurtas pastato energiniy savybiy darnaus valdymo modelis, skirtas
nuolatiniam pastato energiniy savybiy steb¢jimui, jy gerinimui diegiant
pastato energijos poreikiy vadybos principus, ir vertinant galimas
modernizavimo priemones bendruoju darnumo kriterijumi. Jis leidZia
parinkti didesnio veiksmingumo sprendimus.

Dviejy skirtingy pastaty energiniy savybiy darnaus valdymo modelio
atvejo analizé jrodé, kad modelis yra tinkamas tiek pastatams,
pastatytiems iki 1990 m., tiek priskiriamiems prie naujos statybos
pastaty. Taip pat modelis tinkamas jvairios paskirties vieSiesiems
pastatams, kaip pastaty prieZitros ir valdymo jrankis. Jis gali bati
naudojamas analizuojant naujai projektuojamy pastaty alternatyvas.
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