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Abstract. In order to design and realise an efficient building refurbishment, it is necessary to carry out an exhaustive
investigation of all solutions that form it, ie planimetric and volumetric changes, the elimination of building deteriora-
tion and obsolescence, the improvement of architectural and aesthetic appearance and indoor environmental quality, etc).
The efficiency level of the considered building’s refurbishment depends on many factors, including cost of refurbish-
ment, annual fuel economy after refurbishment, tentative pay-back time, harm to health of the materials used, aesthetics,
maintenance properties, functionality, comfort, sound insulation and longevity, etc. Solutions of an alternative character
allow for a more rational and realistic assessment of economic, ecological, legislative, climatic, social and political
conditions, traditions and for better satisfaction of architectural, comfort, functional, maintenance and other customer’s
requirements. They also enable one to cut down on refurbishment costs. The selection of a refurbishment version mostly
depends on the needs and existing financial capability of tenants. Based on an analysis of the existing neural networks,
information, expert and decision support systems and in order to determine the most efficient versions of building
refurbishment, a Multiple Criteria Decision Support Web-Based System for Building Refurbishment (BR-DSS) consist-
ing of a database, database management system, model-base, model-base management system and a user interface was
developed. The developed BR-DSS and its practical application are described in the paper. Basing oneself on the
developed system and database, it is possible to perform the alternative design of a building’s refurbishment, multiple

7

ISSN 1392-3730

3 4
A C’o«‘ JOURNAL OF CIVIL ENGINEERING AND MANAGEMENT
3 '_5)_ http:/www.vtu.lt/english/editions
x
> 5 2004, Vol X, No 1, 77-85

s

criteria analysis and make the selection of the most efficient versions, etc.

Keywords: refurbishment, alternative design, web-based decision support system, multiple criteria analysis.

1. Factors affecting the efficiency of refurbishment
decisions and the determination of rational
alternatives

Refurbishment decisions are influenced by many
microlevel factors (deterioration and obsolescence of a
building, indoor environmental quality, technological,
technical, the lower fuel bills for householders, health
benefits (reduced cold and damp-related illness)) and by
macrolevel factors (environmental (a less polluted envi-
ronment, the saving of limited nature resources), social
(increasing social equity, improving human health) as well
as economic factors (increasing employment, the creation
of wealth) benefits).

As an example, further on we shall briefly discuss
some of the above-mentioned microlevel efficiency level
factors. In B.L.P. Peuportier’s opinion (2001), building
comfort is defined by a given set point temperature (pos-
sibly varying in time), for heating and, if needed, for air
conditioning and by sufficient illumination, ventilation
and noise protection.

According to D. Caccavelli et al (2002), the fol-
lowing criteria of functional obsolescence are considered:

user’s needs (eg compliance with user’s professional
activities in office space), flexibility (ie capacity to eas-
ily modify the interior space partitioning and the general
office layout without any major intervention in building
installations and structure), divisibility (ie capacity to
divide the building into separate and independent zones),
maintainability (ie capacity to facilitate easy maintenance
of the premises) and compliance with regulations, ie ca-
pacity of the various installations to comply with national
regulations).

In P. M. Bluyssen’s opinion (2000), problems with
the indoor environment quality were defined to be basi-
cally originating from seven issues, namely: humidity
(dry/dusty air, problems with eyes, allergy), noise (an-
noyance, too high sound level, privacy, poor control of
noise), thermal comfort (too cold, too warm, draught,
temperature differences, no control), air quality and ven-
tilation (smell, irritation to eyes, throat and headaches),
lighting (too much/little light), safety (feeling of insecu-
rity) and apartment utilities (unacceptable quality of wa-
ter supply, unacceptable quality of heating or cooling
utilities, unacceptable quality of shutters or sunshades).
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The total boiler efficiency depends on the quality,
the size, the adjustment, the control and the maintenance
of the burner-boiler combination (F. J. Rey and E. Velasco,
2000).

According to C. A. Roulet (2001), users usually try
avoid dangerous or damageable materials such as those
containing CFC’s or other halogenated compounds, form-
aldehyde, heavy metals, toxic organic solvents, etc.

Various quantitative and qualitative factors influence
decision-making as well. Recently, high-energy consump-
tion has taken on not only economic, but also ecological
(CO, emissions) and social importance. In the future,
external costs of the environment will be included in the
price of energy and therefore energy efficient buildings
will be very important (V. Butala et al, 1999). Since, an
energy efficiency-upgrading programme can provide lo-
cal employment, offer training opportunities, and redi-
rect resources into a local community it can be linked
into wider social and economic regeneration programmes
(C. Goodacre et al, 2002).

The problem is how to define an efficient building
refurbishment process when many various parties are
involved and the alternative versions come to number in
the thousands. Moreover, the realisation of some objec-
tives seems more rational from the economic perspec-
tive though from other perspectives (ie ecological, in-
door environmental quality, social, etc) they have other
significances.

By way of an illustration, we provide a few examples
for the determination of rational alternatives.

G. Carrilho da Graga et al (2002) present a perfor-
mance evaluation of two passive cooling strategies, day-
time ventilation and night cooling, for a generic, six-story
suburban apartment building in Beijing and Shanghai.
This investigation uses a coupled, transient simulation
approach to model heat transfer and airflow in the apart-
ments. R. Becker et al (2002) compare effects on ther-
mal performance and energy use of various pre-cooling
and ventilation strategies, which might be used for re-
ducing peak power demands in typical office buildings
that are located in moderately warm climatic regions. V.
Kukadia et al (1998) report the findings of a pilot field
study that was carried out over a one-week period in
winter 1996 to investigate the internal and external air
pollution levels of two adjacent buildings, one naturally
ventilated and the other air-conditioned in an urban area,
to investigate their relative attenuation of external pollu-
tion levels and to compare internal levels with the exist-
ing air quality guidelines. The radiant ceiling panel sys-
tem and conventional air-conditioning systems have been
compared both experimentally and numerically in terms
of thermal comfort, energy consumption and cost effi-
ciency (T. Imanari et al, 1999). By applying the numeri-
cal simulation programme named TRNSYS, the energy
costs of a VAV system and a cooling ceiling system have
been compared (F. Sodec, 1999).

A geographical information system’s basic technique
was used to estimate the heat discharge distribution all

over Tokyo. The improvements in the urban thermal
environment via various measures were analysed for two
types of scenarios, namely, scenarios related to the man-
agement of heat discharge sources and those with urban
surface modifications (S. Dhakal et al, 2002).

D. Kolokotsa et al (2001) present and evaluates
control strategies for adjustment and preservation of air
quality, thermal and visual comfort of a building’s occu-
pants while, simultaneously, energy consumption reduc-
tion is achieved. The objectives of the proposed control
strategy are: satisfaction of the users’ preferences for
thermal comfort, visual comfort and indoor air quality,
simultaneously; optimum response of the controlled vari-
ables, avoiding over-shootings and oscillations that can
cause energy waste; monitoring the energy consumption
for heating/cooling and electric lighting (D. Kolokotsa
et al, 2001).

2. Decision-making models and methods

A thorough building’s refurbishment evaluation is
quite difficult to undertake, because a building and its
environment are complex system (technical, technologi-
cal, ecological, social, comfort, esthetical, etc), where all
sub-systems influence the total efficiency performance
and where the interdependence between sub-systems play
a significant role.

Many decision-making models and methods (cost-
benefit analysis (C. Goodacre et al, 2002), multiple cri-
teria analysis (E. Brandt et al, 2002), the lattice method
for global optimisation (A. Saporito et al, 2001), pre-
dicted a building’s habitability index (T. Kusuda, 2001)
and energy rating systems for existing houses
(R.Zmeureanu et al, 1999), etc.) have been developed in
the world for solving the above and other problems.

C. Goodacre et al (2002) uses a cost-benefit analy-
sis framework to assess the potential scale of some of
the benefits from the comprehensive upgrading of heat-
ing and hot water energy’s efficiency in the English build-
ing stock. C. Goodacre et al (2002) attempted to evalu-
ate the potential scale for societal costs that are associ-
ated with poor levels of domestic space heating and hot
water energy efficiency in the English building sector.
The basic premise of this paper has been that an ap-
praisal of these costs should be evaluated against a wider
range of potential benefits, not just the direct benefits
(micro-economic) current government monetary apprais-
als (Goodacre et al, 2002).

The TOBUS method aims at offering a tool to se-
lect office building’s upgrading solutions with respect to
multiple criteria. One of the key elements to reach this
goal is an assessment of the degree of physical degrada-
tion, extent of any degradation, extent of the necessary
works to renovate the building and the costs (E. Brandt
et al, 2002).

The energy performance in buildings is a complex
function of the building’s form and structure, heating
system, occupancy pattern, operating schedules, and the
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climatic conditions. To carry out a multi-parameter analy-
sis for the optimisation of the building’s energy perfor-
mance, the lattice method for global optimization was
used (A. Saporito et al, 2001).

T. Kusuda (2001) would like to see the extension
of the predicted building habitability index (PIHI) as an
integrated evaluation criterion for a building’s perfor-
mance in which the simulated hourly energy consump-
tion, comfort index and system economic factors were
weighted (in accordance with specific application require-
ments) and algebraically summed up to arrive at an in-
dex for determining the building’s air conditioning needs.
This PIHI concept can be extended to include other ele-
ments such as lighting, acoustics, moisture condensation,
plumbing, etc (T. Kusuda, 2001).

According to R. Zmeureanu et al, (1999), different
approaches have been developed to evaluate the energy
performance of houses, using a simple index, and they
are known under the generic term of Home Energy Rat-
ing Systems (HERS) which can be classified in the fol-
lowing three main categories: the points system, which
evaluates the energy performance of a house by giving
points of performance or scores to each sub-system such
as exterior walls, roof or heating system; the performance
system, which assigns an index of performance in terms
of the annual heating energy consumption or cost; and
the awareness system, which recommends the annual total
and heating site’s energy consumption, and the corre-
sponding costs, in terms of the year the house was con-
structed and its climatic zone and the source of energy.

3. Analysis of building refurbishment automation
applications

The major players in a building’s refurbishment can
use calculators, analysers, software, neural networks,
expert and decision support systems, etc.

A calculator is software application used for com-
pleting mathematical calculations. Calculators range from
very cheap software, capable of performing basic arith-
metical operations, to those whose capabilities extend to
sophisticated mathematical and statistical manipulations
and those that may be programmed with a large number
of steps. Web sites sometimes contain refurbishment cal-
culators: Comfort calculator [1] (analyses thermal com-
fort and estimates the optimal temperature), Lighting
calculator [2] (identifies and analyses options for reduc-
ing lighting costs), Ventilation calculator [3] (examines
the supply of outside air ventilation to a space) and Home
Improvement Calculators [4], etc.

Interested parties also use software with various
purposes as listed below:

* Whole-building analysis (energy simulation, load
calculation, renewable energy, retrofit analysis and
sustainability/green buildings) [9];

* Codes and standards [19];

* Materials, components, equipment, and systems

(envelope systems, HVAC equipment and systems

and lighting systems) [20];

» Other applications (atmospheric pollution, energy
economics, indoor air quality, multi-building facili-
ties, solar/climate analysis, training, utility evalua-
tion, validation tools, ventilation/airflow and water
conservation) [21].

For example, different retrofit purpose software
BLAST [10], DOE-2 [11], EA-QUIP [12], EZ Sim [13],
EZDOE [14], FEDS [15], SERIRES [16], tsbi3 [17],
VisualDOE [18]) can help analyse various retrofit situa-
tions.

D. B. Crawley et al (2001) describe a comparison
of major features and the capabilities of different simu-
lation software (EnergyPlus, BLAST, IBLAST, and DOE-
2): general features (integrated, simultaneous solution,
reporting mechanism, e g standard reports, user-definable
reports, visual surface reports, etc), load calculation fea-
tures (heat balance calculation, moisture absorption/des-
orption, thermal comfort, etc), and HVAC features (at-
mospheric pollution calculation and calculate reductions
in greenhouse gases, etc).

The major players in a building’s refurbishment can
use various purpose decision-support systems. The deci-
sion-support system (DSS) provides a framework through
which decision-makers can obtain the necessary assis-
tance needed for making decisions through an easy-to-
use menu or command system. Generally, a DSS will
provide help in formulating alternatives, accessing data,
developing models and interpreting their results and by
selecting options or analysing the impacts of a selection.

The special issue of “Energy and buildings“ (Vol
31, Issue 2, Febr 2000) was prepared by the developers
of EPIQR (Energy Performance Indoor Environmental
Quality Retrofit) and is in use today. EPIQR is a meth-
odology that was developed to assist apartment building
owners who are considering the refurbishment or retro-
fitting (upgrading) their building stock (M. Jaggs, et al
2000). EPIQR is a decision tool that combines financial,
technical, energy, and comfort analysis (J. L. Genreet al,
2000). EPIQR has been developed to act as an assisting
tool for surveyors, architects or building owners to se-
lect the most suitable refurbishment actions for an apart-
ment block by enabling them to upgrade the physical
and functional state of the building, to improve indoor
conditions for tenants and to reduce the energy consump-
tion (D. Caccavelli et al, 2000).

The special issue “Energy and Buildings* (Vol 34,
Issue 2, Febr 2002) is a collection of nine contributions
prepared by the developers of TOBUS (a new European
diagnosis and decision-making method and software for
office building refurbishment). The papers provide an
overview of the TOBUS methodology, modules and
multimedia software, the assessment procedures used for
the diagnosis of a building’s degradation state, the imple-
mented approaches and specific module characteristics
for an evaluation of its functional obsolescence, provide
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an assessment of the potential energy and natural re-
sources conservation, include an evaluation of the indoor
environmental quality and the results from the test’s sur-
veys implemented in 15 European office buildings as well
as the use of infrared thermography as an optional tool
for assisting building diagnostics, a multicriteria analysis
and a constructive approach that helps an expert in de-
signing retrofit scenarios and a more detailed descrip-
tion of the new TOBUS software and its features (C. A.
Balaras, 2002).

Following in the footsteps of EPIQR and TOBUS,
“a decision-making tool for long-term efficient invest-
ment strategies in building maintenance and refurbish-
ment — INVESTIMMO?” is currently under development
in the framework of a European research programme as
well as technological development and demonstration on
Competitive and Sustainable Growth and was coordinated
by CSTB in France (C. A. Balaras, 2002).

Expert systems today generally serve to relieve a
‘human’ professional of some of the difficult but clearly
formulated tasks. For example, S. Mazouz et al (2001)
have presented a description and analysis of various ex-
pert systems in architectural design for such purposes.

Neural network is a method of computing that tries
to copy the way the human brain works. A group of pro-
cessing elements receives data and at the same time links
are made between the elements, as the repeated patterns
are recognised (Oxford, 1996). Many various-purpose
neural networks can be used for refurbishment. Recent
research in building and related artificial intelligence
topics have shown that “smart control techniques” such
as fuzzy systems and neural networks can contribute to
the reduction of energy consumption while maintaining
indoor comfort in acceptable margins (D. Kolokotsa et
al, 2001). T. T. Chow et al (2002) introduces a new
concept of integrating neural network (NN) and genetic
algorithm (GA) in the optimal control of an absorption
chiller system. Based on a commercial absorption unit,
neural network was used to model the system’s charac-
teristics and the genetic algorithm as a global optimisation
tool.

Many questions are raised during the integration of
building refurbishment automation systems. In T.
Kusuda’s opinion (2001), the integrated system should
be capable of representing and analysing details in as
much as the user wants to pursue his/her purpose. With
this programme, one can determine the cause of unwanted
moisture condensation, noise, odour, glare, malfunction
of the mechanical and electrical, plumbing systems (T.
Kusuda, 2001). According to V. Dorer and A. Weber
(1999), only a few computer programmes allow for the
comfort-integrated evaluation (ie air quality, thermal,
visual and acoustic comfort).

The above calculators, software, neural networks,
decision support and expert systems, etc, are not con-
nected. Therefore, in the future the above building refur-
bishment automation solutions to some extent have to be
integrated.

4. A multiple criteria decision support web-based sys-
tem for building refurbishment

Based on an analysis of the existing neural networks,
information, expert and decision-support systems and in
order to determine the most efficient versions of build-
ing refurbishment, a Multiple Criteria Decision- Support
Web-Based System for Building Refurbishment (BR-
DSS) consisting of a database, database management
system, model-base, model-base management system and
a user interface was developed.

The BR-DSS allows users to: present information
of the general physical and functional state of the build-
ing; present information of the physical state of the
building’s envelope; calculate the volume of work to be
carried out; rationalise the energy consumption of the
building; propose the required measures to increase the
quality of air and indoor environment and analyse the
refurbishment scenarios by taking into account the sys-
tem of criteria, etc.

4.1. Database

Building refurbishment involves a number of inter-
ested parties (ie clients, users, designers, contractors,
suppliers, facilities management organisations, local au-
thorities, government and its institutions, etc) who pur-
sue various goals and have different potentialities, edu-
cational levels and experiences. This leads to various
approaches of the above parties to decision-making in
this field. In order to do a full analysis of the available
alternatives and to obtain an efficient compromise solu-
tion, it is often necessary to define the differences on
the basis of economic, ecological, indoor environmental
quality (humidity, noise, thermal comfort, air quality (and
ventilation), lighting, safety and security, apartment utili-
ties), legal, social, technical, technological and other type
of information. This information should be provided in
a user-oriented way.

Economic information on building refurbishment
includes the building and plot costs, maintenance costs,
insurance, taxes and interest rates (in case of crediting),
etc. This information may be described in minor detail.
The crediting of refurbishing may be provided by vari-
ous sources. Therefore, some additional information on
alternative crediting sources and terms might be quite
helpful for decision- makers.

Technical building characteristics include the total
and usable building area, the number and dimensions of
rooms, technical characteristics of utilities and the like.

The apartments of a building may be private, state-
owned or rented. This legal factor also determines
whether the inhabitants are interested in refurbishing of
a building or not.

At present, some Lithuanian inhabitants of the low-
income group (ie pensioners, unemployed and large fami-
lies) cannot afford the payment of bills for heating their
premises. The thermal renovation of a building would
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reduce heating costs and save state expenditures on so-
cial allowances. In addition, the political party in power
that cannot solve this urgent problem in a rational way
will not be elected in the coming elections. Thus, the
problem appears to be not only a social one but also a
political one.

In a similar way, it is possible to demonstrate the
need to have other information (eg data on building com-
fort and aesthetics, etc) that is related to the complex
efficiency of the analysed alternative versions of a build-
ing refurbishment.

The presentation of information needed for decision-
making in the BR-DSS may be in a conceptual form
(digital/numerical, textual, graphical, diagrams, graphs
and drawing, etc), photographic, sound, visual (video))
and quantitative forms. Therefore the presentation of
quantitative information involves criteria systems and
subsystems, units of measurement, values and initial
weight that fully define the provided variants. Concep-
tual information means a conceptual description of the
alternative solutions, the criteria and ways of determin-
ing their values and the weight, etc.

In this way, the BR-DSS enables the decision-maker
to receive various conceptual and quantitative informa-
tion on building refurbishment from a database and a
model-base allowing him/her to analyse the above fac-
tors and to make an efficient solution.

The analysis of database structures in decision sup-
port systems according to the type of problem solved
reveals their various utilities. There are three basic types
of database structures: hierarchical, network and rela-
tional. BR-DSS has a relational database structure when
the information is stored in the form of tables. These
tables contain quantitative and conceptual information.
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Each table is given a name and is saved in the computer’s
external memory as a separate file. Logically linked parts
of the table form a relational model. The following tables
form the BR-DSS’s database:

+ Initial data tables. These contain general facts about
the building considered and the information of its
deterioration and obsolescence. The reasons for re-
furbishing and their significance as well as the
money to be spent on it are also included.

» Tables assessing refurbishment solutions [walls (see
Table 1), windows, roof, floors, volumetric planning
and engineering services, etc]. These contain quan-
titative and conceptual information about alternative
building refurbishment solutions relating to a
building’s enclosures, utilities and space planning,
etc.

» Tables of multi-variant design. These provide quan-
titative and conceptual information on the intercon-
nection of the elements to be renovated, their com-
patibility and the possible combinations as well as
data on the complex multi-variant design of a build-
ing refurbishment.

The collection, processing and presentation of in-
formation for database in an acceptable form are a com-
plicated and time-consuming process. The information
collected in a database should be reliable, fully describ-
ing a building refurbishment and enable the BR-DSS to
perform an efficient multi-variant refurbishment design
and multiple criteria analysis.

To design the structure of a database and perform
its completion, storage, editing, navigation, searching and
browsing, etc a database management system was used
in this research.

Table 1. The initial data for multiple criteria analysis of thermal renovation of walls

THE KNOWLEDGE BASE FOR MULTIPLE CRITERIA ANALY SIS OF THERMAL RENOVATION OF WALLS

The criteria considered  *  Measuring Numerical values of criteria of the

units  WEIGHT compared 1 sgm wall versions

1 2 3 4 5
1 Cost -1 LtYsgm 03550 160 175 360 158 101
2 Amual fuel economy 1 L¢sgm 01630 575 597 597 554 587
3 Tentative pay-bark time -1 Years 02069 10,2 103 174 103 69
4 Harmfulness to health 1 Points 00245 60 80 90 90 80
5 Aesthetics 1 Ponts 0030 50 60 80 90 60
6 Maintenance properties 1 Points 00342 64 74 82 58 66
7 Functiondlity 1 Ponts 00220 10 10 10 10 10
8 Comfortability 1 Points 00948 70 70 100 70 50
9 Sound insulation 1 Points 00215 70 80 100 70 70
10 Longevity 1 Yeas 00875 200 250 250 250 200
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Tables of initial data contain the following infor-
mation:

* General facts about the building to be analysed;

» Results of diagnosis and questionnaires (data on the
deterioration and obsolescence of a building, etc);

» Top priority and significance of the building refur-
bishment objectives;

* The amount of money intended for refurbishment.
The user seeking for an efficient refurbishment of a

building should provide in tables of the initial data the
exact information about a building’s deterioration and
obsolescence, refurbishing aims and significance as well
as the client’s financial situation. It should be noted that
various clients making refurbishment design variants and
a multiple criteria analysis of the same building often
get diverse results. This may be due to the diversity of
the overall aims and financial positions of the clients.
Therefore the initial data provided by clients for calcu-
lating the refurbishment project differ and consequently
lead to different final results.

The tables of refurbishing variant assessments con-
tain the evaluation data on building refurbishment and
referring to:

* Specific elements of a building including:

— The fixing of balconies, canopies and cornices;

— The sealing of a building’s joints and external walls;

— Thermal renovation of walls, windows, roofs, etc;

» Engineering services (water supply, sewerage, heating
system, etc).
* Structural-spatial changes.

The tables of refurbishing variant assessments con-
tain the variants available and their quantitative and con-
ceptual description. The process of drawing up the tables
of refurbishing variant assessments consists of the fol-
lowing steps:

* Collection and presentation of general information
about the variants under consideration,

» Establishment and conceptual description of the sys-
tems and subsystems according to the criteria,

* Choosing the units of measurement,

» Estimation of the criteria values with a description
of the calculation process and its presentation,

* Determination of the initial weight of the criteria
with a description of the calculation process and its
presentation.

The information applied for compiling the tables of
refurbishing variant assessments is based on: the use of
diagnosis, questionnaires, building cost indices by refer-
ring to the costs incurred by contractors (labour, materi-
als, plant and overheads (excluding profits)); tender price
indices which reflect the cost to the client (bills of quan-
tities from successful tenders, unit prices as published in
builders’ price books or trade journals (includes over-
heads and profits); various statistical methods, analysed
projects and recommendations, etc.

The owner and the occupants of a building being
refurbished have their specific needs and financial situa-
tion. Therefore every time when using the BR-DSS they

may make corrections of the database according to their
aims and their financial situation. For example, a certain
client considers the sound insulation of the external walls
to be more important than their appearance while an-
other client is quite of the opposite opinion. The client
striving to express his/her attitude towards these issues
numerically may ascribe various significance values to
them that eventually will affect the general estimation of
a project. Though this assessment may seem biased and
even quite subjective, the solution finally made may ex-
actly meet the client’s requirements, aims and
affordability.

Uniform types of relational tables have been cho-
sen to facilitate the entering of appropriate data into the
database. Such a unified database also makes it possible
to easily correct and introduce new information as well
as efficiently carrying out the computation.

The above tables are used as a basis for working
out the matrices of decision-making. These matrices,
along with the use of a model-base and models, make it
possible to perform a multi-variant design and a mul-
tiple criteria evaluation of alternative building refurbish-
ing projects, resulting in the selection of the most ben-
eficial variants.

In order to design and realise an effective building
refurbishment project the alternatives available should be
analysed. A computer-aided multi-variant design requires
the availability of the tables containing the data on the
interconnection of the elements to be renovated and the
solutions made. It also requires their compatibility, pos-
sible combination and the multi-variant design.

Since the objectives and financial situations of the
BR-DSS users often vary the initial design data then
consequently the results obtained will also be different.
Therefore the objectives and the client’s financial situa-
tion are expressed quantitatively and provided as the ini-
tial data for calculations. These data should be related
to the other information in the tables. Based on the above
tables of a multi-variant building design, the possible
refurbishment variants are then developed. When using
the method of a multi-variant design as suggested by the
authors [5-8] up to 100,000 alternative building refur-
bishment projects may be obtained. These project ver-
sions are checked for their capacity to meet the various
requirements. Those that do not satisfy these requirements
are excluded from any further consideration. In design-
ing a number of variants of building refurbishment the
problem of weight compatibility of the criteria also arises.
In this case, when a complex evaluation of the alterna-
tives is carried out, the value of the criteria’s weight is
dependent on the overall criteria being assessed as well
as on their values and the initial weight.

4.2. Model-base

The efficiency of a building refurbishment variant
is often determined by taking into many factors. These
factors include an account of the economic, aesthetic,
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technical, comfort, legal, social and other factors. The
model-base of a decision support system should include
models that enable a decision-maker to do a comprehen-
sive analysis of the available variants and to make a
proper choice.

The more alternative versions that are investigated
before making a final decision, the greater the possibil-
ity to achieve a more rational end result. Basing oneself
on the collected information and the BR-DSS, it is pos-
sible to perform a multiple criteria analysis of the refur-
bishment project’s components (walls, windows, roof,
floors, volumetric planning and engineering services, etc)
and select the most efficient versions. After this, the re-
ceived compatible and rational components of a refur-
bishment are joined into the projects. Having performed
a multiple criteria analysis of the projects in this way,
one can select the most efficient projects. Strengths and
weaknesses of the investigated projects are also given in
an analysis. Facts as to why and to what degree one
version is better than another are also established. All
this is done by basing oneself on conceptual and quanti-
tative information that was collected.

Module base provides support to the user so that
he/she can develop different alternatives that are based
on combinations of the user’s requirements. The devel-
oped measures are checked for consistency of measure
combinations as well as for interference with deteriora-
tion, obsolescence and other related actions. Each alter-
native shows different levels of improvements to the
building’s quality and all have variations in the projected
cost. A module base allows the BR-DSS’s user to select
the most suitable refurbishment alternatives by compar-
ing the measures that promote the greatest energy

savings and increase a building’s quality within the bud-
get constraints of the building’s inhabitants.

The following models of a model-base aim at per-
forming the functions of:

* A model for developing the alternative variants of a
building’s enclosures,

* A model for determining the initial weight of the
criteria (with the use of expert methods),

* A model for establishing the criteria weight,

* A model for the multi-variant design of a building
refurbishment,

* A model for multiple criteria analysis and for set-
ting the priorities,

* A model for the determination of a project’s utility
degree and market value,

* A model for providing recommendations.

Based on the above models, the BR-DSS can make
up to 100,000 building refurbishment alternative versions,
perform their multiple criteria analysis, determine the
utility degree and select the most beneficial variant with-
out human interference (Table 2).

The BR-DSS presents information about the
building’s diagnosis and questionnaires as well as differ-
ent scenarios for the building’s refurbishment. The re-
port contains information about the estimation of poten-
tial energy savings and improvement of quality of build-
ing: thermal insulation of building envelope (walls, roof,
windows); the cost of refurbishment work; comparison
with the corresponding qualitative indices of an typical
building built in the same period; potential impact of
refurbishment to increase the quality of building to the
level of present standard. This is useful software for se-
lecting the best possible scenarios.

Table 2. Selection of the most efficient alternatives of the building refurbishment

Selection of the most efficient alternatives of the building refurbishment

Priority Numeration Total weight Total utility degree
1 1 61,50 100,0
2 1729 61,42 99,87
3 3457 61,27 99,63
4 193 61,13 99,40
5 1921 61,05 99,27
6 3713 60,90 99,02
7 577 60,48 98,36
8 2305 60,41 98,23
9 65 60,33 98,10
10 4033 60,26 97,98
1 1793 60,25 97,97
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5. Conclusion

The presented BR-DSS for a building’s refurbish-

ment enables one to form up to 100,000 alternative ver-
sions. This system allows one to determine the strongest
and weakest points of each building’s refurbishment
project and its constituent parts. Calculations are made
to find out by what degree one version is better than
another and the reasons why this is so are disclosed.
Landmarks are set for increasing the efficiency of a
project’s versions. All this is done argumentatively by
basing oneself on the criteria under investigation, as well
as on their values and weights.
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