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DEVELOPMENT OF INFORMATION
TECHNOLOGY FOR HEAT LOSSES
MANAGEMENT OF CONSTRUCTION
STRUCTURES

O6’cxmom docnidacenns € nenpodyxmueni meniosmpamu y 6younxax i 6yoieesvux cnopyoax, 06yMosIeHUX
Xapaxmepom meniomMacooOMili020 NPOUECY, SKULL PYHKULONYE Y CKAAOHILL APXIMeKMyPHO -KOHCMPYKMUBHIT CXeMi.
O0num 31 WAAXIG SMEHULEH A HENPOOYKMUBHUX MENIOSMPam Y Oyounxax i 6yoisesvnux cnopyoax € GUKOPUCTAL-
1S THPOPMAUITIHO -YNPABIAIOUUX MEXHOLO0ZIL Ma cucmem 0L ynpasiinns maxumu o6’ exkmamu. L[i mexnonozii ma
CUCTeMU HA 0CHOBT Onpauiosanis inpopmauii npo cman 6ydisens i 6yodisenvrux cnopyd nosunni sabesnevyeamu
popmysanns ehpeKxmuUeHUX YNPABITHCOKUX PIllleHb, CNPIMOBAHUX HA 3MEHUEHHS HENPOOYKMUBHUX MEeNL08mpam
I ONMUMI3AUII0 CMPYKMYPU CRONCUBAHH S NATUBHO-EHEPLEMUMHUX PECYPCIB Y HCUMLOB0-KOMYHATLHOMY CEKMOPI.
Ha cvoz00mi six 6 cucmemax ynpasuinmus enepzoeexmuenicmio 6younkie, max i n03a HumMu, meniomacooOMini
npouecu ananisyomvcs abo 6 HaUNPOCMiuill NOCMAanosUi, abo 6 OKPEMUX CLeMEHMAX APXIMEeKMYPHO-KOHCMPYK-
muenoi cxemu 6yodisenvioi cnopyou. Taxuil nioxio 0o Modenioearis meniomacoobMinmLo20 npoyecy ne 3abesneuye
docmamibo nosue ouinIosanns Henpooykmuenux meniosmpam. Lle 06ymosieno mum, wo cam npouec menio-
Macoobminy € CKAaoHo10 83AEMONOB’A3AN0I0 MA B3AEMOOGYMOBIEHOIO CUCTIEMOI0 MA PYHKUIONYE Y CKAAONTT
ApXiMexmypHo-KoHCmpYyKmueniil cucmemi 6yoiseavroi cnopyou. B daniii pobomi npononyemvcs KOMROHEHMHO-
OpieHmosana iHPopMayitina mexHon02is, AKa CNUPAcMocs HaA MAMEMAMUYHY MOO0eNb 83AEMONOB I3AH020 MA
63aEMO00YMOBILEHO020 MENLOMACOOOMINILOZ0 NPOUECY, WO PYHKUIONYE 6 OYOb-aKill CKAAONTT apXimeKmypHo-Kon-
cmpyxmuenit cxemi 6younxy vu Oyoiseavioi cnopyou. Lla moders nopiensno 3 THUUMU GUKOPUCTOBYEANUMU
MOOeNSIMU OXONIIOE 6Ci OCHOBHI 8AACMUBOCTE MENIOMACOOOMIHY K 6 020PO0NCYBALLHUX KOHCPYKUISX, MAK
i 6 naponogimpsiHux npocmopax. Bona 6paxosye Haoxodxcenus menia y npuminjerus Oyounxy 6io cucmem ona-
JIeHIs Mma 0CBIMACHHA, COHNAUNOT padiayii ma modeil, axi nepebysaioms y 6younxy. A omace, 00360.15€ 6inbUL NOBHO
ouinumu menioempamu ¢ 6younxy uu 6yoieesvii cnopyoi.
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1. Introduction

Information technologies associated with the use of
modern computer technology and data collection and
transmission tools open up new possibilities in solving
the problems of managing heat losses in the housing and
communal sector. One of the ways to improve the ener-
gy efficiency of buildings and building structures is to
use information management technologies and systems
to manage the energy efficiency of such facilities. Based
on information processing on the state of buildings and
construction structures, these systems should ensure the
formation of effective management decisions aimed at op-
timizing the structure of consumption of fuel and energy
resources.

This work is aimed at solving an urgent scientific and
applied problem, which is to reduce unproductive heat
losses in buildings and construction structures, due to
the nature of the heat and mass transfer process. This
study can be considered as a logical continuation of the

work [1].
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2. The ohject of research
and its technological audit

The object of research in this work is the heat loss of
a building structure. This object is not well understood,
because it is due to the complex heat-exchange processes,
which operates in the architectural and structural design
of the house. The study of this object should be based
on mathematical modeling in the framework of modern
information technologies.

3. The aim and ohjectives of research

The aim of research is developing information technology
for working with data, models and methods in assessing
the heat loss of building structures in an energy efficiency
management system. To achieve this aim, it is necessary
to complete the following objectives:

1. To build a structural-functional diagram of a deci-
sion support system for evaluating heat losses in a house
or building.
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2. To develop requirements for the creation and forma-
lization of the process of building information technology
for analysis and evaluation of the interconnected and in-
terdependent heat and mass transfer process in the energy
efficiency management system of buildings and construction
structures.

4. Research of existing solutions
of the prohlem

In recent years, the scientific community has been work-
ing to substantiate, develop schemes and components of
energy efficiency management systems. Energy management
systems, in particular, include the system proposed in [2].
A detailed review of the energy efficiency management
systems of building structures is given in [3].

In [4], the effect of atmospheric disturbances on the
heat transfer of building components of the exterior walls of
buildings is studied. The effect of convective heat transfer
indoors is not taken into account. A numerical analysis
of the influence of the thermal conductivity coefficient
of various building materials on heat and mass transfer
in a square cavity is given in [5]. The two-dimensional
equations of conservation of mass, momentum, energy, and
concentration with the turbulent k-& model are solved by
the finite volume method. The problem of determining
the heat flux through the outer walls is not considered.

In [6], a numerical study of natural convection during
unilateral and cross ventilation by the finite volume method
is carried out taking into account the influence of internal
heat sources. In [7], the main thermal processes in automated
management systems for heat consumption by buildings are
considered. It is also revealed that the effectiveness of these
systems depends on external and internal factors.

There are a number of software packages for the com-
prehensive study of heat transfer processes in buildings.
These include, but are not limited to:

— DOE-2 (DOE-2.3), developed by Lawrence Berkley

National Laboratory, USA [8];

— EnergyPlus (EnergyPlus 8.1.0), developed by Law-

rence Berkley National Laboratory, USA CERL, Uni-

versity of Illinois, USA [9];

— BSim, developed by Danish Building Research Insti-

tute, Denmark [10];

— ESP-1, developed by Universitu of Strathclyde, UK [11].

These programs are based on national regulatory build-
ing documents and hidden mathematical models that are
the basis of their calculation algorithms. And this com-
plicates their correct application in construction practice.
In addition, as shown by studies [12] conducted to assess
the validity of these computer programs, the calculation
results can vary significantly depending on the selected
computer program.

So, the analysis shows that the consideration of heat
transfer processes in energy efficiency management systems
is performed either in individual elements of a building
structure, or in a simple statement. However, this is not
enough to find ways to achieve the possible energy effi-
ciency of the building using the information control system.
Thus, there is a need for such software that would con-
sider heat and mass transfer as the only interconnected
and interdependent process for any architectural design
of a building or construction. Such software should be
submitted within the framework of information technology.

5. Methods of research

The following scientific methods are used in research:
— well-established approaches to building information
systems for decision support;

— well-established approaches to building information
technology for working with data, models and methods.

6. Research results

The component-oriented information technology model
that is proposed in this paper is implemented in the deci-
sion support subsystems and the development of a manage-
ment action to achieve a certain energy efficiency of the
studied object. One of the main tasks of this technology
is the formation of a set of mathematical models of data
processing and analysis [13]. In this paper, models develo-
ped in [1] are chosen as mathematical models.

This implies the tasks of formalizing data and domain
knowledge:

— creation of an interface for collecting and exchang-

ing between databases and a database of models and

methods;

— creation and improvement of mathematical models

of the studied processes of the subject area;

— task of developing the presentation of data and

knowledge.

The structural and functional diagram of the developed
decision support system for evaluating heat losses in the
energy efficiency management system is shown in Fig. 1.

DIU <

DPU

CAGU(DM)

Y

CIGU

Fig. 1. Structural and functional diagram of a decision support system
for evaluating the heat and mass transfer process in an energy efficiency
management system

In Fig. 1 the following designations are given: DIU — data
input unit; DPU — data preprocessing unit; DB — databases;
BMM - block of models and methods; CAGU (DM) —
control action generation unit; CIGU — control information
generation unit.

Control information includes:

— geometric parameters and material of the elements

of the building envelope;

— parameters of the vapor space;
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— type and geometrical and thermophysical parameters

of heating and cooling systems;

— type of lighting system;

— the number of people in the room at which the

heat and mass transfer process was simulated,;

— integral characteristics of heat and mass transfer

and the like.

On the basis of this information, the decision maker
forms a managing influence, which consists in replacing
the parameters within acceptable limits that characterize
the material and geometric parameters of the building
envelope elements; geometric and/or thermophysical pa-
rameters of the heating system and the like.

The parameters of the management object recommended
by the decision maker are transferred to the data collection
unit and the process of searching for ways to improve the
heat consumption of the house or building construction
continues iteratively.

Control information is accumulated in the data ware-
house, which is relational OLAP (online analytical pro-
cessing — real-time analytical processing).

So, in general terms, the model of processes for as-
sessing heat and mass transfer in an energy efficiency
management system is presented as a set of supporting
functional processes and relationships that link these pro-
cesses into a single IS structure. It is formalized using
the expression:

1S=<PI, PMM, PD, PB, PDM>,

where PI — data exchange process; PMM, PD — data storage
processes in the database of models and methods and data-
bases, respectively; PB — data processing processes (develop-
ment of control information); PDM — process of generating
management action.

Each process is a block having information inputs,
outputs and resources used. The resources are supported
by methods, models and data/knowledge, which, if neces-
sary, are used to implement the process.

Let’s formulate the requirements for the creation and
formalization of the process of building information tech-
nology.

For the appropriate methodological support for eva-
luating the heat and mass transfer process in the energy
efficiency management system, this paper proposes a method
for constructing information technology, which consists of
the following steps:

Stage 1. Formation of a model of information techno-
logy for assessing the heat and mass transfer process. The
information technology model is a set of interconnected
processes and objects that somehow participate in these
processes. The objects in this case are:

— data structure (SD);

— complex of mathematical models and methods (CMM);

— set of information processes (SIP);

— interaction of processes among themselves (ISIP).

Stage 2. Database formation. The data structure de-
termines the information complex — the database of the
parameters of the investigated object.

Stage 3. Formation of a complex of mathematical me-
thods and models. The complex of mathematical models and
methods contains an object model of an interconnected and
interdependent process of heat and mass transfer, a model
for assessing basic heat transfer processes, a model for

matching processes in the elements of the architectural
design of buildings and construction structures.

Stage 4. Formation of a complex of information pro-
cesses. The complex of information processes consists of
the processes of data preprocessing and data warehouse
formation, obtaining from the data warehouse the neces-
sary data and the necessary mathematical methods from
the base of mathematical methods and models for solving
a specific problem.

Thus, component-oriented information technology for
evaluating the heat and mass transfer process allows to
formalize the functional modeling of this process and ob-
tain control information for the decision-maker to develop
a management action on the object of study in order to
achieve certain energy efficiency.

Interaction of processes among themselves (ISIP) is en-
sured by the functioning of the information system for deci-
sion support and is interpreted using a data flow diagram.
Thus, the interaction of processes among themselves (ISIP)
can be formalized using the expression:

ISIP=<TS, DP, DA, RP>,

where TS — information processes for the preparation of
initial data for evaluating the heat and mass transfer process
in energy efficiency management systems; DP — informa-
tion processes for the selection of methods for assessing the
parameters of the heat and mass transfer process in energy
efficiency management systems; DA — information processes
of the choice of algorithm; RP — information processes for
the production of control information for the decision maker.

The process of assessing heat and mass transfer in energy
management systems of buildings and construction structures
requires a large amount of input data. Among them are
the geometric and thermophysical parameters characterizing
the building envelope, the external environment, steam
and air spaces, heat input and absorption systems, and
the like. These values are obtained in different ways: from
automatic energy monitoring systems, direct measurement,
from reference books, etc. They are usually provided in
various units and in various formats.

In this case, two types of initial data are distinguished:
variables that depend on the particular object under study
and the parameters of its equipment. As well as relatively
constant, characterizing the thermophysical parameters of
the elements of the building envelope and the parameters
of the methods for calculating some heat sources:

SD=<S8Dy, SD,>,

where SD, — a set of stable source data; SD, — a set of variable
source data.

Steel data are supplied by geometric and thermotech-
nical indicators of building materials and structures, the
main technical data of heating and lighting systems, heat
generation from people and the like.

This data is made out in the form of a relational data-
base, reduced to the third normal form, and stored in
the data warehouse. Information from these databases is
obtained using SQL queries:

1. A centralized database of the energy efficiency ma-
nagement system, which is filled both by monitoring enti-
ties and automatically, and which stores information using
a relational approach to database management.
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2. A repository that stores information through a non-
relational approach to data management.

3. Structured information that is stored as files or that
is entered directly by the user.

Information technology analysis of this data is as follows.

At the first stage of the functioning of information
technology, the source data is needed. They are obtained
through an SQL query (Structured query language — a de-
clarative programming language for user interaction with
databases) to data storages (based on a relational or non-
relational DBMS (database management system). The data
obtained at this stage is saved. Information technology
supports the ability to independently enter data by the
user. As a rule, this happens by downloading data from
a file resource or manually. After receiving information
from remote and sources and independent input of infor-
mation proceed to the next stage.

The second stage of information technology is to elimi-
nate duplication of the data obtained, bringing them to
a single format and to a dimensionless form.

At the third stage, the generated data are checked for
admissibility and sufficiency for the indicated methods
of analysis and assessment of the heat and mass transfer
process with the corresponding models of heat exchange
interaction. In the case when the amount of data is not
enough, there is a return to the stage of requesting data
from additional data sources.

The fourth stage of the work is to simulate the heat
and mass transfer process with the existing source data
and the indicated modeling tools to generate control in-
formation that is transmitted to the decision maker.

The process of obtaining control information is imple-
mented as a sequence of interrelated actions or functions.
This implementation at each time step is reduced to the
following steps:

1. Determination of heat gain due to convection and
radiant radiation using the corresponding elementary blocks.
Transferring results to a module for evaluating convective
heat and mass transfer.

2. Assessment of convective heat and mass transfer in
the corresponding elementary blocks. Transferring results
to a module for assessing thermal conductivity through
a solid wall.

3. Assessment of heat transfer due to thermal conduc-
tivity through a solid wall.

4. Assessment of heat loss through the building en-
velope.

5. Assessment of heat and mass transfer process, de-
velopment of control information.

The implementation of the information process is per-
formed on a certain period of time. The time step of the
simulation is variable. Moreover, the implementation of
each step includes 3 stages:

1. Each elementary block of the system receives infor-
mation about the state of those blocks that affect it at
a given time.

2. Each block of the system calculates its state at the
next moment in time, taking into account the magnitude
of the current simulation step (without passing to the
next state). The calculations are performed based on
the corresponding submodel of the elementary block of
the system.

3. Each block implements (translates itself into) the
following state.

At the fifth stage, based on the control information, the
decision maker forms a managing influence. It consists in
changing the parameters within acceptable limits characte-
rizing the thermophysical and geometric parameters of the
building itself or its engineering equipment. The parameters
of the control object recommended by the decision maker
are transferred to the data collection unit and the pro-
cess of finding ways to improve the energy consumption
of the house or building construction continues iteratively.
In addition, control information is accumulated in the data
warchouse, which is relational OLAP. The choice of this
type of storage is due to the possibility of operating the
information system as an independent system, or as a sepa-
rate functional module of the energy efficiency management
system of a house or building.

At the sixth stage of information technology, the control
data accumulated in the storage is provided in appropriate
form to appropriate specialists for making a final decision on
the choice of a means of achieving possible energy efficiency.

Let’s formalize the complex of mathematical models and
methods using the expression:

CMM=<CMMq¢c, CMM cyyr, CMM g, CMM7o>,

where CMM7c — methods for assessing thermal conducti-
vity [8]; CMMcpr — methods for assessing convective heat
transfer [9]; CMMp — methods for assessing radiation expo-
sure [10]; CMMyo — methods for implementing models of
heat exchange interactions [10].

Methods for assessing thermal conductivity include three-
dimensional CMM7¢3 and one-dimensional CMMrc1 models
implemented using the modified finite element method [8]:

CMMpc=<CMM7c3, CMMpc1>.

Methods for assessing convective heat transfer include
methods based on the unsteady, three-dimensional, turbulent
flow of the CMM¢ys3 vapor-air mixture implemented by
the finite volume method, and on the quasistationary model
CMM y70 implemented by the Runge-Kutta method [9]:

CMM cpr=<CMMcpr3, CMM cpr0>.

The methods based on the Stefan — Boltzmann mo-
del [10] are among the methods for assessing radiation.

Methods for implementing models of heat exchange
interactions cover models for determining the intensity of
sources and sinks of mass, momentum, energy, including
those that supply heat from lighting and heating systems,
solar radiation, and people [11]:

CMM o=
=<CMMr0,, CMMr04, CMMrot5, CMM705, CMM710),>,

where CMMrp, — income (loss) of the vapor-air mixture
through the face or its part of a certain volume; CMMyoy, —
heat input from the heating system; CMM7¢;; — heat input
from the lighting system; CMM7¢s — heat input due to solar
radiation; CMM7yg, — heat input from people.

When determining the heat input from the heating
system, the following types of heating systems are provided:

— traditional heating system (window sill radiators of

various types) CMMryopl;
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— non-traditional heating systems with liquid coolant
(underfloor heating, heating panels, etc.) CMMy;2;
— using electric heating CMMro;3:

CMM7o,=<CMMyopl, CMM7op2, CMMr1op3>.

Let’s formalize the set of information processes (SIP)
using the expression:

SIP=<DC, PP, EI, SI, PR>,

where DC — data collection process; PP — data preprocessing
process; EI — process of obtaining control information; PR —
decision making process and the saving obtained results.

The process of preliminary processing of PP data is based
on the following operations:

— A1 — elimination of data duplication;

— A2 - reduction to a single presentation format;

— A3 - obtaining dimensionless quantities.

Interaction of processes among themselves (ISIP) is en-
sured by the functioning of the information system for deci-
sion support and is interpreted using a data flow diagram.
Thus, the interaction of processes among themselves (ISIP)
can be formalized using the expression:

ISIP=<TS, DP, DA, RP>,

where TS — information processes for the preparation of
initial data for evaluating the heat and mass transfer process
in energy efficiency management systems; DP — informa-
tion processes for the selection of methods for assessing the
parameters of the heat and mass transfer process in energy
efficiency management systems; DA — information processes
of the choice of algorithm; RP — information processes for
the production of control information for the decision maker.

7. SWOT analysis of research results

Strengths. The proposed information technology provides
a computational experiment to find means of reducing
unproductive heat loss of a building.

Weaknesses. The weaknesses of this research include
the fact that when implementing the algorithm in the
framework of the proposed information technology, it is
large, and this is important when solving the optimization
problem. This disadvantage is compensated by the use at
certain stages of the implementation of the optimization task
of simpler models of the heat and mass transfer process.

Opportunities. 1t is planned to apply the results for
the analysis of heat transfer processes in other objects.

The results obtained in this work allow, when assessing
the heat transfer processes of houses and building structures,
to «lose» the behavior of these objects under various condi-
tions and with various modifications, to vary the structural
and functional parameters of these objects. Therefore, more
fully take into account the characteristics of heat and mass
transfer in energy efficiency management systems.

Threats. There are foreign analogues of information
technologies, but their mathematical support is unknown.

1. A structural and functional diagram of the decision
support system for assessing heat loss as a component of

the energy efficiency management system of a house or
building structure has been built. This system provides con-
trol information on the basis of which the decision maker
iteratively controls the search for a means of achieving one
or another possible energy efficiency of a house or building.

2. A model of information technology has been deve-
loped, which is a set of interrelated processes and objects
that participate in these processes in one way or another.
The objects in this case are:

— data structure (SD);

— complex of mathematical models and methods (CMM);

— set of information processes (SIP);

— interaction of processes among themselves (ISIP).
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