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Introduction

Topicality of the problem. Buildings consume about 40 % of final energy
used in the European Union and emit approximately the same amount of carbon
dioxide. The biggest part of primary energy is used in building engineering
systems (up to 90 %) in the viewpoint of a lifecycle.

As the demand of final energy increases, the resources of primary energy
decrease. The demand of energy will rise, as the forecast shows, owing to the
number of people, the level of comfort as the reason for spending more time in
the buildings. Intensive use of energy is related to the inefficient use of
processes in the building engineering systems.

Commonly active and passive microclimate systems for the building are
designed without the consideration of the integration of the processes during
their design phase. Each system is designed without proper estimation of the
influence they have on each other. The integration of conventional processes
used for industrial processes covers basic research tasks for heat exchangers,
closely linked to optimization and identification methods. The integration of
processes is described as an action which is aimed at joining the streams of
different building engineering systems. The results of the solution to this
problem have a considerable effect on the creation of an algorithm for the
evaluation of the integration of the processes.

According to the research review, Pinch analysis was first applied for
integrating the building engineering systems. Solving the problem of
optimization of building engineering systems performance from the viewpoint
of efficient energy use, energy demand, parameters, and the pattern of change
or the pattern of control impact change for engineering systems are determined.
Entirely classical methods are insufficient to solve the tasks that are suitable for
the research of traditional systems as they are becoming bigger and more
complex. The technique for the integration of industrial processes could be
applied to small scale energetic systems, especially if there are various energy
streams in building processes. Better energy use indicators in building
engineering systems may be achieved through the rational integration of
streams, i.e. by formatting an effective heat exchangers network. It is noted that
modes of these systems in comparison with industrial systems are related to
variable outdoor air parameters.

Object of research — the integration of ventilation equipment in public
buildings and the processes in them as well as other engineering systems‘ waste
heat streams.



Aim and tasks of the work. The main aim of this work is to evaluate the
possibilities of applying the method of the integration of processes in order to
define and improve the thermodynamical effectiveness of the public building
engineering systems®.

The tasks of the work are:

1.

2.

To define the problematic building engineering systems, their
equipment and processes from the viewpoint of energy efficiency.

To define the characteristics of project-based solutions of the building
ventilation systems which require energy supply.

To assess the possibilities and properties to use conventional
methodology for the integration of processes — Pinch analysis — for the
building engineering systems.

To create the algorithm to define the thermodynamically optimal
integrated solution of building engineering systems, combining the
thermodynamical and Pinch analyses.

Methodology of research. Systematic, thermodynamical (exergy) and
processes integration (Pinch) methods are applied in the work. A systematic
analysis enables us to define systems’ elements and their interconnections. The
exergy analysis allows to perform a thermodynamically-based assessment of
different quality of energy. The analysis of process integration (Pinch analysis)
permits to use the procedures applied in industrial processes to define
thermodynamically optimal network of heat exchangers.

Scientific novelty
During the preparation of this work these new results for power
engineering science were obtained:

1.

The methods which interconnect the finding of a solution of energy
efficient building engineering system with the suppositional
combination of stream parameters are applied in process integration.
Patterns of integrating ventilating equipment as the energy intensive
facilities are presented.

The Pinch method, which up to now has been used for industrial
processes, was applied for the first time to optimize heat recovery in
the network of ventilation system heat exchangers, to find the
combination of streams and to integrate the processes in building
engineering systems.

By means of the methodology prepared in this work, the necessity for
integration of new or existing building engineering systems is



evaluated, determining the solution for the better seasonal
thermodynamical (exergy) efficiency of the system.

Practical value. The results of the research may be used to solve the
problems of the design of the heat exchangers of various building engineering
systems, to define the optimal parameters for workable heat exchangers or their
networks, the patterns of change, heat exchangers or the network of their
operation dependency on the time in the combined climate zone buildings. The
parameters of streams which perform in heat exchange may be known or found.

Defended propositions

1.

Even though the Pinch method is increasingly used for the integration
of industrial processes, it is practically unused for the processes in
building engineering systems, although owing to its methodological
basics and aim together with the thermodynamical (exergy) analysis, it
should be applied in finding efficient integrated solutions of building
engineering systems.

The properties of process integration in building engineering systems
are settled by the change of the locality seasonal outdoor air
temperature, the solution of the heat recovery unit of ventilation
systems and their effectiveness. These properties define the
temperature for determining the optimal network of heat exchangers
and selecting the minimal temperature difference for heat exchangers.
The results obtained from the process integration and exergy analysis
of building engineering systems have shown that the process
integration has influence on the thermodynamical efficiency of the
system and that integrated systems consume less exergy in comparison
with the non-integrated ones.

The suggested algorithm is meant for evaluating the complex integrity
of processes in building engineering systems. This algorithm may be
applied in the minimization of exergy streams used in buildings so it
may be applied while designing the engineering systems of a building.
The process integration encourages to use low potential heat streams
(it is often waste heat in buildings), and this allows us to use the heat
streams found in buildings rather than the traditional heat streams
supplied by high parameters.

The scope of the scientific work. The scientific work consists of the
general characteristics of the dissertation, 4 chapters, general conclusions, a list



of literature and a list of publications. The total scope of the dissertation is 108
pages, 62 pictures and 7 tables.

1. Survey of the research works of processes integration in building
engineering systems

This chapter covers the review of process integration in building
engineering systems, the analysis of process integration, ways of optimizing in
mentioned systems, methods for process integration and their properties.

In this work process integration is defined as a combination of processes in
building engineering systems. The integration of processes in building
engineering systems may be attained by combining new systems or (and)
creating new systems.

Public buildings and their engineering systems consume from 32 % to
50 % of energy. Up to 38 % potential of energy saving exists in these buildings.
The air tightness of modern buildings determines the increase of ventilation in
the buildings, therefore an amount of energy for ventilation may reach up to
50 % of energy used in the building.

The techniques of the integrity of building engineering systems are
explored in different ways, besides, they commonly deal with new and
renewable energy resources used for the installation in the existing or design
systems.

Generally, energy (heat, electricity or both) production systems are less
integrated while building engineering systems. Process integration is necessary
in building engineering systems as there are possibilities to create combinations
of systems and new systems that use natural resources more efficiently from the
point of view of energy quality.

Thermal processes from the viewpoint of energy transformation are
inefficient processes. They use high parameter (temperatures) streams for the
processes performed, whereas the same result may be obtained using lower
parameter streams. According to the process integration frequency, these
processes are the ones that are commonly integrated.

One of the goals for the efficient use of energy in building engineering
systems is minimization of exergy streams. According to the fact that the
biggest part of the world’s energy is used for heating and cooling of buildings,
it is necessary to search for the ways to minimize exergy streams in the
mentioned systems to increase the efficiency of the use of energy.

The analysis of the methods used for process integration has shown that
the exergy and Pinch analysis methods are acceptable as a tight interrelationship
exists between them: the parameters are used for the analysis and simple



application in the research of building engineering systems. The results
obtained using the methods of the log-mean temperature difference (LMTD)
and the number of transfer units (NTU) for the analysis of heat exchangers is
equal, whereas the NTU method in comparison with the LMTD is simpler. The
exergy and Pinch analysis may define in more detail the indicators for efficient
energy use of the systems of heat exchangers or the systems which use them.

2. Properties of processes integration use in building engineering systems

The most energy intensive processes in building engineering systems are
related to energy transformation equipment: heat exchangers and heaters.
Therefore, these elements are explored in this work. Most attention is paid to
heat exchangers used in ventilation systems as the hand potential for energy
saving or increasing the thermodynamical efficiency of the systems lies here.

The mechanical ventilation systems are generally used to ventilate public
buildings. As the base case for the analysis of ventilation systems, the system
with heat recovery is chosen. The different ventilation systems with various
heat exchangers (Fig. 1) were explored. The ventilation system with plate rotary
heat exchangers (on the top in Fig.1) is the most often used. New improved
schemes used for heat recovery with run around coil heat exchanger have the
advantage of using waste heat (on the bottom in Fig. 1).

Fig. 1. Schemes of ventilation equipment with different heat exchangers



The reliability of the data is one of the steps required in the Pinch analysis.
These data may be obtained from the climatic and building energy management
systems (BEMS) if the existing system is explored. The unknown data may be
evaluated from the heat balance equation. The proper data for the Pinch analysis
are represented in Fig. 2.

Streams flow rates

—» M, kg/s —p _)Mz, kg/s <«—
—» CP,, kW/°C CP,, kW/°C €—
> 7.°C T.°C €—

b «—
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Heat flows

Streams temperatures

Heat capacity flowrate

Fig. 2. Data for processes integration analysis

If new building engineering systems are designed, such data as thermal
capacities and stream temperatures may be predicted.

This chapter also describes the indicators (climate conditions, dependency
on it) which have influence on energy consumption in building engineering
systems.

The sequence of the Pinch analysis applied in thermal industrial processes
is presented. The ways of data extraction are presented if existing or new
systems are examined. The application of waste heat in process integration in
building engineering systems is explored.

The main waste heat sources in the building are supplied to and return
from the heating system heat stream, return domestic hot water, technological
or sewage water, heat pump, cool tower and waste heat of a chiller. Some of
these waste heat sources are explored in this work. The most applicable is the
use of return heat stream of the heating system.

3. Analysis of ventilation systems processes integration results

This chapter covers the analysis of the results of process integration in
ventilation systems. According to the simplified air handling unit scheme with
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rotary heat exchanger, the temperature for the maximal exergy demand for air
heating is determined. This temperature definitely depends on climatic
conditions and is equal to 3 °C for the public building in the moderate climatic
zone.

The relation between the minimal temperature difference and temperature
effectiveness of a heat exchanger was determined and may be written by the
equation (1):

A

ATlnin =f(€,)ﬁ T3 .(1_81‘)_7‘1 +T4 - g

g +1

Q)

where & — the temperature effectiveness of a heat exchanger; A7 .~ — the

minimal temperature difference; T — the temperature of the outdoor air; f"} -

1
the temperature of the extracted air from the room; fj‘ — the temperature of the

exhaust air from an air handling unit.

This minimal temperature difference for heat exchangers used for heat
recovery is recommended close or equal to 5°C as a bigger difference
influences the disappearance of a heat exchanger.

According to the Pinch analysis, process integration is assessed in terms of
different schemes of air handling units and waste heat combinations. The
analysis has shown that simple plate or rotary heat exchangers should not be
analyzed using process integration as the possible achieved result could be
obtained using the heat balance. So the use of run around coil heat exchangers
was proposed for the research of the possibilities to use waste heat for process
integration in air handling units as well as in building engineering systems.

The scheme for process integration in building engineering systems was
arranged and adopted for the analysis of these systems (Fig. 3). The hot streams
(H1, H2) are represented in the upper side from the left to the right (above
horizontal dotted line), cold streams (C1, C2) conversely. The vertical dotted
line represents the Pinch point for hot streams (PPH) and for cold streams
(PPC). The basic network of heat exchangers (presented by the line connecting
circles) may be the same as in the rectangle (Fig. 3). The Roman number (at the
top of the circle) is the number of the heat exchanger, the numerical value (at
the bottom of the circle) — its capacity (Fig. 3).
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Fig. 3. Principal scheme of Pinch analysis for processes integration — net diagram of heat
exchangers network

The disposable streams (H1, H2, C1, C2) and their initial temperatures
presented in small rectangle. The final temperatures of streams may be

A

obligatory Tp or voluntary 7; . The first ones should be strictly maintained as

the other ones may differ from the selected for the analysis. The selection of the
voluntary temperature can affect the use of additional heating (H) or cooling
(C) equipment. If the heat exchangers can not to satisfy the process final
temperature these equipment should be used. They should be placed exactly in
the respective place of the hatched area (Fig. 3). The numerical values in the
left columns of the scheme (Fig. 3) mark heat capacity flowrate (on the top) and
the heat flows (on the bottom) above Pinch point. These values on the right
columns present the same quantities below the Pinch point.

In this work the scheme presented in Fig. 3 is adopted to be used for heat
exchangers’ network formation by integrating processes in building engineering
systems.

Using the temperature obtained for the maximal exergy demand, the
process integration is performed for the different combinations of waste heat.
When the total heat exchangers’ thermal transmittance is the minimal, the
optimal result is presented in Fig. 4. The network of heat exchangers covers
four heat exchangers those perform heat exchange in the air handling unit.
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Suggestions for the performance of the air handling unit at other outdoor
temperatures are presented. The regulation of the water flow of III heat
exchanger is organized using qualitative (Fig. 5) or quantitative regulation of
the flow. According to the data obtained in Fig. 5, the energy and exergy
demand for non-integrated and integrated systems are evaluated and compared

(Fig. 6).

90
—=—Energy demand before the integration
80 |-
=4~ Energy demand after the integration
70 || —Exergy demand before the integration
= = Exergy demand after the intgeration
60 |
50 | L
£
= 40
30
20 oo
10 oo
0 L
-30 -25 -20 -15 -10 -5

Outdoor air temperature, °C

Fig. 6. Energy and exergy demand before and after the integration at various outdoor air
temperatures

The total energy demand before the integration in comparison with its
demand after the system integration differs 1.26 times. The total exergy demand
is bigger 1.45 times before the integration. The difference between the demand
of energy and exergy in both cases, i. e. the integrated and non-integrated
systems, may be explained by means of the mixed regulation used for the water
flow of the non-integrated ventilation systems water in the heat exchanger after
the heat recovery unit (Fig. 1, ¢ scheme). The reason for energy overuse may be
related to the quite great duration of the hot period temperatures.
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4. Algorithm for processes integration in building engineering systems

This chapter covers the algorithm, recommendations and comparison of
the research results with other research in the area of process integration in
buildings’ engineering systems.

As the research review has shown, the energy demand for ventilation
systems is growing as stricter restrictions for building envelope thermal
characteristics are determined. The algorithm (Fig. 7) for the minimization of
exergy in these systems by integrating processes in the air handling unit is

created.
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Fig. 7. Algorithm for processes integration in building engineering systems
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The created algorithm for process integration in building engineering
systems (Fig. 7) may be applied to integrate public as well as the processes in
industrial buildings’ engineering systems.

Outdoor air temperature that satisfies the maximal exergy demand is
marked by 72 . the minimal temperature difference — fmin and the total

ex,max >
minimal thermal transmittance of heat exchangers XAk,

The recommendations for process integration in building engineering
systems are described. These recommendations may be applied or used as a
simplified evaluation of process integration in the ventilation system as well as
in other buildings’ engineering systems.

Comparison of the results with other researchers’ and research. The
comparison of the results obtained by applying exergy and process integration
methods with the results of other researchers’ Bieksa (2008) and Torio et al.
(2009) have shown the agreement of the results related to the intensive energy
used in ventilation elements: heat recovery units and heaters. The comparison
has also shown that the area of building engineering systems was first analyzed
by means of the Pinch method for process integration in the above-mentioned
systems.

General conclusions

1. The review of the research in process integration field showed that
there is a limited number of investigations in process integration in the field of
building engineering systems and they are not applied in engineering practice.
Therefore, the possibilities of the method used for process integration are
analyzed in this work.

2. After performing the analysis of the research review and the
comparison of the received results from the exergy analysis, it was determined
that thermal processes and elements in ventilation equipment in which these
processes are performed (heat exchangers, heat recovery units and heaters) are
the most exergy intensive.According to research it was found that selection of a
heat recovery unit used in ventilation equipment determines demand and
possibilities of processes integration in ventilation equipment. The additional
heat exchanger for one-stage plate heat recovery unit may be selected according
to energy balance without application of processes integration procedures.

3. According to the research, it was found that the selection of a heat
recovery unit used in ventilation equipment determines the demand and
possibilities of process integration in ventilation equipment. The additional heat
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exchanger for one-stage plate heat recovery unit may be selected according to
the energy balance without applying process integration procedures.

4. It was found that the selection of the minimal temperature difference
between streams is especially important for process integration procedures, at
marginal case for the ventilation equipment. According to the equations of the
heat transfer and temperature effectiveness for heat exchangers, the dependence
of the effectiveness of a heat recovery unit on the minimal temperature
difference is determined. The close to 5 °C difference, lower than recommended
for industrial systems (about 15 °C) is suggested for process integration in
ventilation equipment.

5. Ventilation system consumes the maximum amount of thermal exergy
during the heating season at the determined outdoor air temperature. In order to
minimize the exergy expenditures the network of heat exchangers is optimized
at this temperature. This outdoor air temperature for Lithuanian climatic
conditions is about 3 °C.

6. The performed process integration in the analysis of building
engineering systems applying the exergy and Pinch methods has derived that
the possibilities for process integration in building engineering systems also
depend on the amount of heat streams and temperature potential. The
combination of several low temperature streams allows us to achieve a rational
energy and exergy use in comparison with the use of one stream or overmuch
temperature streams. Waste heat streams in the buildings which have the initial
temperature close to 40 °C are preferable for process integration compared to
other the temperature of which is higher than pointed.

7. The analysis of the energy and exergy demand obtained before and
after the process integration has shown that the seasonal demand of energy and
especially of exergy is bigger in an non-integrated system in comparison with
an integrated system. In the examined case the energy demand is 1.26 and the
exergy demand is 1.45 times bigger.

8. The created algorithm for process integration in the building
engineering systems may encourage to design more efficient engineering
systems from the viewpoint of energy which use primary energy resources more
efficiently. It is recommended to form a diagram of the temperatures of the heat
streams in buildings for a more detailed evaluation of the possibilities for
process integration in the analysis of building engineering systems. This
diagram may be used for the evaluation of heat streams for a purposeful use of
process integration in building engineering systems.
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PROCESU INTEGRAVIMO VEDINIMO JRENGINIUOSE
GALIMYBIU VERTINIMAS

Mokslo problemos aktualumas. Pastatai sunaudoja apie 40 % galutinés
energijos sunaudojamos Europos Sajungoje (ES) ir i$skiria apytikriai tiek pat
anglies dvideginio. Gyvavimo ciklo pozitiriu didzioji pirminés energijos dalis
(iki 90 %) suvartojama pastato inzinerinése sistemose.

Didéjant galutinés energijos sunaudojimui, senka pirminés energijos
itekliai. Prognozuojama, kad dél gyventojy skai¢iaus, komforto lygio augimo
bei dél to salygojamo ilgesnio buvimo pastate, energijos poreikiai ir toliau
didés. Intensyvus energijos naudojimas taip pat glaudziai susijes su neefektyviu
pastato inzinerinése sistemose vykstan¢iy procesy naudojimu.

Dazniausiai projektuojant pastatui inzinerines sistemas neatsizvelgiama j
tai, kad procesai tose sistemose biity integruojami jau pradinéje pastato
projektavimo fazéje. Kiekviena sistema projektuojama pastatui deramai
nejvertinant kiekvienos i ju jtakos viena kitai. Tradiciné procesy integracija
naudojama pramonés procesuose apima pagrindinius Silumokai€iy tyrimo
klausimus ir yra susijusi su optimizavimo metodais. Siame darbe procesy
integracija suprantama kaip veiksmas, kuriuo siekiama apjungti skirtingose
pastato inZinerinése sistemose esancius 3ilumos srautus. Sios problemos
sprendimo rezultatai turi didele reik§me kuriant procesy integracijos pastato
inzinerinése sistemose vertinimo algoritma.

Kaip rodo atlikta tyrimy apzvalga, Siame darbe pastato inzinerinéms
sistemoms integruoti pirma karta pritaikyta Pinch analizé. Sprendziant pastato
inzineriniy sistemy veikimo optimizavimo uzdavinius efektyvaus energijos
vartojimo pozidiriu, nustatomi inzineriniy sistemy energijos poreikiai,
parametrai, ju kitimo arba valdymo jtakos désningumai. Tokiems uzdaviniams
spresti nepakanka vien tik klasikiniy metody tinkamy tradicinéms sistemoms
nagrinéti, nes sistemos tampa didesnés ir sudétingesnés. Todél pramonés
objektams taikomas biidas procesams juose integruoti gali buti perkeliamas j
mazesnio mastelio energetines sistemas, ypa¢ tuomet, kai pastate yra skirtingy
procesuose dalyvaujanéiy energijos (§ilumos) srauty. Siuos srautus racionaliai
apjungiant, t.y. formuojant i§ jy efektyvy Silumokaiciy tinkla, galima bity
pasiekti geresniy energijos naudojimo pastato inzinerinése sistemose rodikliy.
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Pazymétina, kad §iy sistemy veikimo rezimai, skirtingai nuo pramoniniy
sistemuy, susije su nuolatos kintanciais iSorés oro parametrais.

Tyrimy objektas — vieSosios paskirties pastaty védinimo sistemy jrenginiai
ir procesy juose kartu su atliekiniais Silumos srautais kitose inZinerinése
sistemose integracija.

Darbo ftikslas ir u¥fdaviniai. Sio darbo pagrindinis tikslas — jvertinti
procesy integravimo metodo taikymo galimybes vieSyjy pastaty inzineriniy
sistemy termodinaminiam efektyvumui nustatyti ir gerinti.

Darbo uZdaviniai

1. Nustatyti pastato inzineriniy sistemy energinio efektyvumo pozitiriu
problemines sistemas, jrenginius ir procesus.

2. Nustatyti pastato védinimo sistemy, kurioms reikalingas energijos
tiekimas, projektiniy sprendimy ypatybes.

3. Ivertinti tradicinés procesy integravimo metodikos — Pinch analizés —
naudojimo pastato inZinerinéms sistemos galimybes bei nustatyti
ypatybes.

4. Sukurti algoritma termodinamiSkai optimaliam pastato inzineriniy
sistemy integruotam sprendiniui rasti derinant termodinamings ir Pinch
analizés metodus.

Tyrimy metodika. Darbe taikomi sisteminés analizés, termodinaminés
(ekserginés) analizés ir procesy integravimo (Pinch) analizés metodai.
Sisteminé analizé leidzia nustatyti sistemy elementus bei jy tarpusavio rysius.
Ekserginé analizé leidzia atlikti termodinamiskai pagrista skirtingos kokybés
energijos ri§iy vertinima. Procesy integravimo (Pinch) analize leidzia panaudoti
pramoniniams procesams taikomas procediiras termodinamiskai optimaliam
Silumokaiciy tinklui nustatyti.

Mokslinis naujumas

1. Pritaikyti procesy integracijos metodai, susiejantys energiSkai
efektyviy pastato inzineriniy sistemy sprendiniy radima su inZinerinése
sistemose numatomy naudoti Silumne$iy parametry deriniais. Pateikti
védinimo, kaip perspektyvoje energijai imliausiy jrenginiy,
integravimo pavyzdziai.

2. Védinimo sistemy Silumograziy tinklui optimizuoti, jy Silumnesiy
deriniams rasti ir procesams pastato inZinerinése sistemose integruoti

pirma karta pritaikytas Pinch metodas, kuris iki $iol buvo taikomas tik
pramoniniams procesams.
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3. Darbe parengta metodika jvertinama, ar galima integruoti ir kaip
integruoti tiek projektuojamas, tiek esamas pastato inzinerines
sistemas, randant ty sistemy didesnio sezoninio termodinaminio
(ekserginio) naudingumo sprendinj.

Praktiné verté. Tyrimy rezultatai gali blti naudojami ijvairiy pastato
inzineriniy sistemy Silumokaiciy tinklo projektavimo uzdaviniams spresti, rasti
eksploatuojamy Silumokaiciy arba jy tinkly optimalius parametrus, juy kitimo
désningumus, Silumokaiciy arba jy tinklo veikimo laike priklausomybe misrioje
klimatinéje zonoje esanciy vieSosios paskirties pastaty grupei, kai zZinomi arba
ieSkomi Silumos srauty, dalyvaujan¢iy pastato inZinerinése sistemose,
parametrai.

Ginamieji teiginiai

1. Vis placiau pramonés procesuose taikomas Pinch analizés metodas
pastato inzineriniy sistemy procesams praktiskai nenaudojamas, nors
dél savo metodiniy pagrindy ir tikslo kartu su termodinamine
(eksergine) analize turéty biti naudojami efektyviy, integruoty pastato
inzineriniy sistemy sprendiniy radimui.

2. Procesy integracijos ypatybes pastaty inZinerinése sistemose
suformuoja sezoniné vietovés lauko oro temperatiiry raida, védinimo
sistemose naudojamy 3ilumograziy sprendiniai ir jy efektyvumas. Sios
ypatybés apsprendzia temperatiros, prie kurios Pinch analizés
procediiromis nustatomas optimalus $ilumokaiciy tinklas ir minimalaus
temperatiiry skirtumo Silumokaiciuose, pasirinkima.

3. Gautieji procesy integracijos ir ekserginés analiziy pastato inZinerinése
sistemose rezultatai rodo, kad procesy integracija leidzia rasti didesnio
sistemos termodinaminio naudingumo sprendinius, o integruotos
sistemos naudoja maziau eksergijos lyginant su neintegruotomis.

4. Pasitilytas algoritmas skirtas siekti procesy integralumo pastato
inzinerinése sistemose ar jam jvertinti. Sis algoritmas gali biti
pritaikytas pastate naudojamy eksergijos srauty minimizavimui, todél
jis gali buti pritaikytas projektuojant pastaty inZinerines sistemas.
Tokia procesy integracija inicijuoja naudoti Zemy potencialy Silumos
srautus (pastate dazniausiai atliekinés), o tai leidzia efektyviau
iSnaudoti pastate esanCius Silumos srautus nei naudojant tradicinius
auksty parametry tiekiamos Silumos srautus.
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Darbo apimtis. Darba sudaro bendra darbo charakteristika, 4 skyriai,
bendrosios i§vados, literatiiros sarasas ir publikacijy sarasas. Bendra disertacijos
apimtis — 108 puslapiai, 62 iliustracijos, 7 lentelés.

Pirmajame disertacijos skyriuje atlikta literatros disertacijos tema analizé
susijusi su procesy integracija pastato inzinerinése sistemose, metody skirty
procesy integracijai palyginimas.

Antrajame skyriuje nagrinéjami védinimo jrenginiai. Nustatomos procesy
integracijos taikymo, pastato inzinerinéms sistemoms, ypatybés.

Treciajame skyriuje tiriamos procesy inzinerinése sistemose integracijos
galimybés ir atliekama procesy integracijos védinimo jrenginiuose rezultaty
analizeé.

Ketvirtajame skyriuje sitilomas algoritmas procesams pastato inzinerinése
sistemose integruoti.

Bendrosios iSvados

1. Atlikta tyrimy procesy integracijos srityje apzvalga parodé, kad labai
ribotas skaiCius jy nagrinéja integracija pastato inzinerinése sistemose, o
inzinerinéje praktikoje jie netaikomi. Todé¢l Siame darbe nagrinéjamos procesy
integracijos metodo taikymo minétose sistemose galimybés.

2. Atlikus tyrimy apzvalgos analize bei ekserginés analizés metu gauty
rezultaty palyginima, nustatyta, kad imliausi eksergijai yra védinimo jrenginyje
vykdomi Siluminiai procesai bei elementai, kuriuose tie procesai vykdomi:
Silumokaiciai, §ilumograziai ir Sildytuvai.

3. Tyrimais nustatyta, kad védinimo jrenginyje naudojamo $ilumograZzio
pasirinkimas lemia procesy védinimo jrenginyje integracijos poreikj ir
galimybes. Plokstiniam vienpakopiam Silumograziui papildomas Silumokaitis
parenkamas pagal energijos balansa, netaikant procesy integravimo procediiry.

4. Nustatyta, kad procesy integracijos procedliroms, o ribiniu atveju ir
galimybéms veédinimo jrenginyje, ypa¢ svarbus yra minimalaus temperatiiry
skirtumo tarp Silumne$iy pasirinkimas. Remiantis Silumograzio Silumos
perdavimo ir temperatiirinio efektyvumo lygtimis nustatyta priklausomybé tarp
Silumograzio temperattirinio efektyvumo ir minimalaus temperatiiry skirtumo.
Procesams védinimo jrenginyje integruoti sitiloma pasirinkti artimas 5 °C, t. y.
mazesnes nei pramoninése sistemose rekomenduojamas, apie 15 °C minimalaus
temperatiiry skirtumo, reik§mes.

5. Maksimalus $iluminés eksergijos kiekis suvartojamas, kai védinimo
sistema veikia visg Sildymo sezona, esant tam tikrai nustatytai lauko oro
temperatirai. Todél, siekiant minimizuoti eksergijos sanaudas, védinimo
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sistemos  3ilumokaiciy tinklas optimizuojamas esant iai temperatirai. Si
temperatiira, Lietuvai biidingoms klimatinémis salygomis, yra apie 3 °C.

6. Atlikus procesy integracijos inZinerinése sistemose analize, taikant
ekserginj ir Pinch metodus, gauta, kad procesy integracijos pastato inZinerinése
sistemose galimybés ir rezultatai taip pat priklauso nuo naudojamy Silumos
srauty kiekio ir temperatiirinio potencialo. Keliy srauty su Zemesnémis
temperatiiromis derinimas leidzia pasiekti racionalesni energijos ir eksergijos
panaudojima lyginant su vieno srauto naudojimu arba su pernelyg auksty
temperatiiry Silumnesiy naudojimu. Atliekinés Silumos srautai pastate turintys
pradine temperatiirg artima 40 °C yra tinkamesni procesy integracijai uz tuos
srautus, kuriy temperatiira aukstesné uz nurodyta.

7. Energijos ir eksergijos poreikiy, gauty prie§ procesy integracija ir po
jos, analizé parodé, kad sezoniniai energijos ir ypa¢ eksergijos poreikiai
neintegruotoje sistemoje yra didesni nei integruotoje. Nagrinéjamu atveju
energijos poreikiai 1,26, o eksergijos net 1,45 karto didesni.

8. Sukurtas algoritmas procesams pastato inzinerinése sistemose
integruoti gali padéti projektuoti energijos poziliriu efektyvesnes inzZinerines
sistemas. I§samesniam procesy integracijos pastato inZinerinése sistemose
galimybiy vertinimui rekomenduojama sudaryti viso pastato Silumos srauty
temperatiiring diagrama, kuria naudojantis galima buty jvertinti, kokius $ilumos
srautus tikslinga naudoti procesy integracijai pastato inzinerinése sistemose.
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