Ecobuildings in the new Member States:
Innovative Decision Support Web-based
System for Building Refurbishment

A. Kaklauskas, S. Raslanas, A. Mickaityte, VGTU, Lithuania
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The Main Building of Vilnius Gediminas Technical
University (VGTU)

Building owner: Vilnius Gediminas Technical University
Location/address: Sauletekio av. 11, Vilnius
Building type and size:

The main building was built in 1971. The total floor area
8484,20 sg.m. It includes several departments and lecture
halls seating from 50 to 100 students. Number of storeys —
7.
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The Main Building of Vilnius Gediminas
Technical University (VGTU)




New technologies are rarely applied because of a
lack of knowledge at the decision makers. Yet
those of them, having reliable information on
innovative technologies tend to realize these
technologies more often. Therefore it is important
to provide them with profound knowledge
including advantages and disadvantages,
priority, utility degree and market value of
analyzed retrofit technologies.
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Main Tasks

« Development and Implementation of Innovative Decision
Support Web-based System for Building Refurbishment
(DSS-BR) which makes it easy to compare various retrofitting
measures and scenarios according to different systems of
criteria.

« Assist designers and evaluation teams to calculate the
integral efficiency of the whole building.

« Improve the life cycle cost and quality of building.
« Develop DSS-BR that is immediately replicable at large scale
In many locations.
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The DSS-BR tasks aims to optimize the building
retrofit process by analyzing the sectional and overall
performance of a building considering all the major
subsystems and in particular:

- The outdoor environment defining the microclimate
- The building envelope

- The indoor environment

- The HVAC system as well as the lighting

- The facilities management system
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Refurbishment decisions influenced on many:

 microlevel factors: deterioration and obsolescence of
building, indoor environmental quality, technological,
technical, the lower fuel bills for householders, health
benefits (reduced cold and damp related iliness);

 macrolevel factors: environmental (a less polluted
environment, the saving of limited nature resources), social
(increasing social equity, improving human health) and
economic (increasing employment, the creation of wealth)
benefits.
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Decision making models and methods

A thorough building refurbishment evaluation is quite difficult to
undertake, because a building and its environment are complex
system (technical, technological, ecological, social, comfort,
esthetical, etc.), where all sub-systems influences to the total
efficiency performance, and where the interdependence between
sub-systems are playing a significance role.

Many decision making models and methods (cost-benefit analysis,
multiple criteria analysis, the lattice method for optimisation,
predicted building habitability index, an energy rating systems for
existing houses, multiple criteria analysis, etc.) have been
developed in the world for solving above and other problems.
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MULTIPLE CRITERIA DECISION SUPPORT WEB-BASED
SYSTEM FOR BUILDING REFURBISHMENT

Based on the analysis of the existing neural networks,
iInformation, expert and decision support systems and in
order to determine most efficient versions of building
refurbishment a MULTIPLE CRITERIA DECISION
SUPPORT WEB-BASED SYSTEM FOR BUILDING
REFURBISHMENT (DSS-BR) was developed. This System
consisting of a database, database management system,
model-base, model-base management system and user
interface.
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Database

The presentation of information needed for decision-
making in the DSS-BR may be in a conceptual form
(l.e. digital/numerical, textual, graphical, diagrams,

graphs and drawing, etc), photographic, sound, video
and quantitative forms.
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The following tables form the DSS-BR’s database:

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

Tables assessing refurbishment solutions (data base of best practice).
These contain quantitative 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 quantitative and
conceptual information on the interconnection of the elements to be
renovated, their compatibility and the possible combinations as well as
data on the complex multi-variant design of a building refurbishment.
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Database of Best Practice

« Walls,
 Windows,

* Roof,
 Thermal Units,
« FEtc.
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Windows - Database of Best Practice
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The following models form the DSS-BR’s model base:

Search for alternatives (walls, windows, heating systems, roof, FM, etc.).
Finding out or developing alternatives and making initial negotiation table.
Multiple criteria analysis of alternatives.

Development of suggestions as to what interested parties to use and for
what reasons further negotiation should be carried out.

Negotiations based on real calculations.

Determination of the most rational variant (walls, windows, FM, roof, etc.).
Provision of recommendations for future actions to interested parties.
Computer-aided formation of versions of whole building refurbishment.
Multiple criteria analysis of alternatives.

Negotiations based on real calculations.

Selection of the most efficient alternatives of the whole building
refurbishment.
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Search results for specific heating system can be submitted
In textual, photo/video, graphical, etc. information

T e e e 0 ‘ ” Web-based Decision Support Gystem For Real Estati rasoft Internet Explorer = E3
d :_‘ — — — = = File Edt View Favortes Tools Help | i
(PBack ~ £ - (% | ) Search < Favorites ) - S - | = . = n 5
@ </ = | L o { ‘ e = ‘i @Back - @ |ﬂ \g A | /,7search ). Favorites 2} ‘ =
Adiress [{€] httpsjjdss.vtu.tjrenovaciaindex_ducations.asp B> — = -
Googe - [ T Do ~ | B eaoaod | o - T s T y ‘@ Address [&] htps s viu ejrenovarijafinder:_educational,asp B
- - arch ~ oc] eck = % Autolink = | AutoF ptions 4 - -
ci ‘ L b Google - | || [Cleeareh - | 59 Shesbiocked | 4 check ~ “ Autolink ~ || Aueoril [ Options |@ -
Wikius Gedimings Techrical University
Depirtinent of Construction Eronomics and Property Mangenan Vilkie Gedinire Tecical Univarsiy
Dpearimare of Canstraction. Tecinology and Mitvagumes. sz:mnmnfﬁ:ft\scmmm nmmg.d P:gzrtyhdxmg\zmnm
Decision Support System for Building Refurhish d Facilities M epammant of Canstrurtion Tecmology and Minaganere
EEFAILSCRROSE YA R 10 HICS LTS Decision Support System for Building Refurbishment and Facilities Management
General Photos & Ehort:fetshcerlptlon MuItIpI‘e —c”:;”a Ml.:lt!plgfc‘rlteﬂ; ;v;l‘t:’ltwar!ant :::elglr; Short description Multiple f:ritena Mult@ple critg(i; Multivar@ant dgsigp
USer  information Plans ~ Methedology  ponsvationand  refurbishment 1t analysis of user General Photos & yatodology of the y5ia of. fysis of facilit andimultiple;cricerta
its purpose building elements alternatives refurbishment building information Plans Rei't"s"m‘r':::e"“ w’ﬁ:‘;‘;’;'::‘e“:e":ts Tﬁz:ﬁ;‘l""fe';‘ refurbf‘s“hﬂ:;i :L" ding
Renovation of thermal unit Results of Multiple Criteria Evaluation
During renavation of the thermal unit in different facades, there should be termperature measurement sensors installed inside of each fa?ade, New record
one sensor in each at least. ltwould be very valuable to install such sensors in most problematical facilities in respect of the heating system
After installation of the sensors, facade regulation could ensure more qualitative operation of the heating system. liNu ‘ Criteria under evaluation | Measuring units of criteria F‘ Weights of criteria ‘ Veskonas ‘ Manfula ‘ Vilpra ‘ Vesa
1 [Price Lt Al 06 14550 15750] 17240 16820
2 ‘Guarantee petiod |years F‘ 0.08 ‘ 5‘ 3 ‘ 5 ‘ 3
3 Durebility [years & 0.08] 25| 0] 30 25
4 Pay-back period years ’—7 01 2.7 2.9 3.2 =hl
5 Duration of works days ’—7 0.05 10 12 15 12
& Eeliability Category ’: 0.08 1 1 1 1
4 Back
| =
|&] Done [T [ [ [ntemet @& [T T [ [@mtemet

Histart| @ ) [@ > (52 outleokEx... +| ]2 Micosoft ... | [ Merosoft Exce... | (2 WindowsE... =] & User not regist. .| & web-based .. Eﬂ« 2 WEm BN et Bstat| @ 1 (B (512 OutlookExpr... <| [ 2 Micresoft tord -] [ Microsoft Excal - | 52 Windows Ex..._ ~| ) User not registe... |[&] web-based e... « | WY 18117

. wwwbritain-pubscom

Common Symposium of EU FP6 Eco-buildings Projects, Berlin, 22/23 November 2005 <Name of Author>
<Name of Presentation> <Organisation/Company> <Logo>



é PSS e P\ )
=

T T

- -

<..BRITAin PuBs

Results of multiple criteria evaluation of the heating
system’s alternatives
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Calculation of the market value in numerical and graphic
form
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Example - The initial data for multiple criteria
analysis of thermal renovation of walls

The criteria considered * Measg-ring Signifi-cance Numerical values of criteria of the compared 1 sgm wall versions
units
1 2 3 10 11
1 Cost -1 Lt/sgm 0.3550 160 175 360 158 101
2 Annual fuel economy 1 Lt/sgm 0.1630 5.75 5.97 597 5.54 5.87
3 Tentative pay-back time -1 Years 0.2069 10.2 10.3 17.4 10.3 6.9
4 Harmfulness to health 1 Points 0.0245 6.0 8.0 9.0 9.0 8.0
5 Aesthetics 1 Points 0.0350 5.0 6.0 8.0 9.0 6.0
6 Maintenance properties 1 Points 0.0342 6.4 7.4 8.2 5.8 6.6
7 Functionality 1 Points 0.0220 1.0 1.0 1.0 1.0 1.0
8 Comfortability 1 Points 0.0948 7.0 7.0 10.0 7.0 5.0
9 Sound insulation 1 Points 0.0215 7.0 8.0 10.0 7.0 7.0
10 Longevity 1 Years 0.0875 20.0 25.0 25.0 25.0 20.0
Common Symposium of EU FP6 Eco-buildings Projects, Berlin, 22/23 November 2005 <Name of Author>
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Example - The multiple criteria analysis of wall versions

THE MITLTIFLE CREITERIA ARIATY SIS CF WALL WERLS Cilds

HNumber of Prionty of  Utility degree * Hegotiated cost
WErsions Tersions of wersions, % of wersions,

WEI'THT OF VERSITIS Lifsqm
1 0072620 & 15380 5758 169 21
2 0020445 f TT 275 Q183 191.07
3 0.062570 11 B3 28 -2 09 352 46
4 0079965 7 TaEL4 -1.150 187 22
5 0020381 3 BHELD 2855 131.72
f 0070195 10 a7 420 -10.535 28620
! 0070442 o 67 Ba72 -10.293 26015
& 010403 1 100.00 22037 134 24
B 0026524 4 23.114 5151 12934
10 0082299 5 79 056 1.092 15973
11 0098557 2 R4 /T2 16.709 117 28
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Example - Three best versions of solutions under consideration

THEEE EEST WERSICbIS ©OF §QIITTI QbLS TR ER. S ISIDERATT CbT

The solutionis The mameration of
cotusidered L (R R LT Versions

roof 0.12350 f 4 ]

Thermal wralls 025640 & 11 5
reriovation of hasement 0.14560 1 i A
witidows 0.10250 10 2 1

Plamimetric and volumetsic changes 0 .00&55 2 1 4
The improvement of architectural apearance 000332 3 ] 4
The elimination of phyrsical deterioration 0.02530 1 4 2
Prionty of versions 1 2 =
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Computer-aided formation of versions of bu
refurbishment

=
=
Q

The formation of wersions of bulding refurbishment
The solutions considered

R e e SR TR S M A 1 i M S . e e
1 Thermal toof S R o P T I R Y TR s o S Y S EC
2 renowvation wralls A R R O e e R R S R
3 of =4 i ek Y R i i E e Sl S s I S R Ry R A |
4 winddowrs 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
R L BT STy (o R L St B 4o =1 AR T Rt e e T T s e N S T R A

tic changes
B chheamiptovemenbabae . 6 B H- W R N SR tge s ek e
chitectural appeatance
7 The elimination ofphys- 5 1 4 2 5 1 4 2 5 1 4 2 5 1 4 12
cal deterioration




refurbishment versions

ragment of formation of complex building

The criteria * Measu-ring Signifi- Numerical values of criteria of the
considered units cance compared building refurbishment versions
1 65 129 193

1 Cost -1 Lt/sgm 0.3900 369 214 230 352
2 | Annual fuel economy 1 1000 Lt 0.0650 13.2 13.5 13.8 13.1
3 Tentative pay-back time -1 Years 0.0662 17.2 15.5 15.6 16.5
4 Harmfulness to health 1 Points 0.0145 6.25 6.5 6.5 7
5 | Aesthetics 1 Points 0.0680 7.5 6.3 6.3 7
6 Maintenance properties 1 Points 0.0442 8.65 7.9 7.9 8.15
7 Longevity 1 Points 0.0875 20 20 20 15
8 Sound insulation 1 Points 0.0536 8 7 7 8
& Comfortabilit 1 Points 0.0948 9 7 8 8.5
ComumaniQympesiveaisEU FP6 Eco-buildings Projects, Berlin| 22/23Novembar2005 <Name of Author> 1 1
0 . . .
<Name of Presentation> <Organisation/Company> <Lggo>
1 The aliminatinn of nhveiral daterinration 1 Paints N NR22 4 4 4 4




< BRITAin PuBs

Example - Selection of the most efficient
alternatives of the building refurbishment

selection of the most efficient alternatives of the building refurbishment

Priotity Humeration Total welght Total utdity degree
1 1 6150 100.00
2 1729 61 .42 09 27
3 3457 61 27 09 63
4 193 61.13 2540
: 1921 61.05 )i
i 3713 60.90 09 02
7 577 60 42 08 .36
8 2305 6041 08.23
0 fi 6033 0g.10

4033 0. 26 07 0%

[
—

1793 6025 sy
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Negotiation - Business Benefits

« Development and evaluation of unlimited number solutions.
« Common data and knowledge bases of best practices.

» Negotiators can use intelligent sub-systems for resolve disputes, agree
upon courses of action, bargain for individual or collective advantage,
and attempt to craft outcomes which serve their mutual interests.

» Negotiations can be performed in different places and time.

« Reduction in meeting time as compared with equivalent conventional
meetings.

« More open and fuller alternatives analysis based on the use of
anonymous input where appropriate.

« e-Support for different optimization criteria.
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Common Symposium of EU FP6 Eco-buildings Projects, Berlin, 22/23 November 2005 <Name of Author>
<Name of Presentation> <Organisation/Company> <Logo>



The presented System for Building Refurbishment
enables to form up to 100,000 of alternative
versions. This system allows to determine weak
and strong points of each building refurbishment
project and its constituent parts and provide
negotiation facilities. Calculations are made to find
out by what degree one version is better than the
other and reasons are disclosed why it is so.
Landmarks are set for efficiency increase of project
versions. All this is done argumentatively, basing
oneself on indexes under investigation, as well as

on their values and weights.
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Practical application of
System to the VGTU main
university building
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: i _ At the moment the windows in
4 1 U are replaced. Total cost of

) i pi;indovys replacement is 106 501 €.
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Alternative windows of 5 companies according to 16
Indicators were analyzed:

 Price
* Mechanical strength and stiffness
« Reliability

« Thermal transmittance Up of profile

« Thermal transmittance Uw of double glazing unit

« Emission ability of low emissive glass coating ¢

« Parameter Rw of air sound isolation

« Air leakage, when pressure difference Dp = 50 Pa

«  Waterproof-ness

*  Guarantee period

« Longevity

» Light transmission of double glazing unit

« Pay-back period

»  Duration of works

. Q.uaéntity )of windows with two opening positions (horizontal and vertical) (in percent of the area of all
windows

» Quantity of windows with closing infiltration air vent or the third opening position (in percent of the area
of all windows
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AtThe moment the side doors of VGTU main building are changed
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< BRITAin PuBs
Energy saving Area Total costs Current situation
measure/investment [m?] [€]
Insulation of facades 2425 105.350 The project is under preparation. The works are
planned to be done from 2005 06 01 to 2005 09
01
Windows 1000 144.800 Changed for 106501 €
Roof 1306 17.020 The works are planned to be made from 2005 08
01 to 2005 09 01
Change of side 25 6.150 Changed
entrance door
Renovation of the thermal unit 3.650 The renovation is foreseen to take place from
2005 01 01 to 2005 02 01
Heating system 185.030 Convector heaters in lobbies are being changed,
the project under preparation. The works will be
done from 2005 06 01 to 2005 10 01.
Total € 462.000
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