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Abstract. A significant amount of energy, materials and ffices are consumed when using and demolishing the
buildings. Proper planning, design, constructioapagement and marketing allow to reduce the enwviemtal im-
pact and expenses as well as to improve the qualityildings and to raise their market value. Rextion of blocks
of multi-apartment houses is nowadays one of thetnmaportant problems in residential districts whitave been
built in Lithuania before 1993. Sustainable deveiept of blocks of multi-apartment houses requiceartalyze var-
ious renovation strategies, prepare scenarios eledtshe most rational alternative. Based on thimitien of sus-
tainability, technical, economical, social and egital requirements, not only alternatives for #hmigys, but also for
their environment should be analyzed. It is imparta improve the quality of the living environmetd reduce pol-
lution and energy consumption, maintain mixed datiaicture and make a sustainable integrationeef huildings
into the existing environment. A successful renmraproject can be prepared only by conductingadhgh re-
search and properly evaluating buildings and thgirounding environment.

The paper analyses sustainable systems of assessfrié¥e buildings, such as BREEAM and LEED. These
tools should be used to assess the multi-apartmeldings and the needs for renovation of them thed surround-
ing environment. The systems use various informasiources, systematics and assessment criterizfdhe the
results may vary greatly, depending on the systelected. The most important modern quality criterior build-
ings is the maximum satisfaction of the users’ seadd the minimum environmental impact by consunihey
minimum amount of energy and other resources. Tbst important criteria which played a key role thsgstems
are energy consumption, resource saving, waste gearment and recycling, inner environment, qualityratterials,
longevity and the use of the building for anotherose.

Keywords: sustainability, multi-apartment houses, renovatassessment, BREEAM, LEED.

1. Introduction vation of blocks of multi-apartment houses woultpre
solve the problems of limited non-renewable enaeyy
Purpose of the article is to investigate principdds sources, increasing greenhouse effect and globaatd
the sustainable development emphasizing the reioovat warming. Renovation of buildings is an excellenpop
of apartment buildings and relevant sustainablédlmg  tunity not only to reduce the amounts of energy-con
assessment systems via their comparison. Buildiage sumed in the building, but also to ensure othangiples
a high and permanently growing environmental impacof sustainable renovation (Mickaityet al. 2008), the
(Castro-Lacouturet al. 2009; Chatet al. 2010; Wanget  main equivalent components of which are ecological,
al. 2005). A significant amount of energy, materialsla economic and social. Renovation of residential kdoc
finances are consumed, as well as the environméntal would help to reduce the energy consumption andg CO
pact exists, when constructing, using and demalgstiie  emission, as well as to improve the quality of.lifow-
buildings. It is spoken more and more about théasus ever, the most efficient result will be obtainedyohy
able development today. Therefore, in order to eehi modernizing the blocks in a complex manner (Zavadsk
the efficient energy consumption, environment sgvin et al. 2008). Therefore, it is very important to assesss n
the systems of assessment of the buildings arenadse  only the buildings, but also their surrounding eami
and more applied, which encourage the society &6 re ment, as the problems in designing and construdtieg
sonably perform the planning, design, constructioan-  buildings improperly solved in the past raise caonseat
agement and marketing. It helps to reduce the @uis present. According to Burnett (2007), the citied a@si-
environmental impact, improve the quality of thdldhu dents of the cities consume energy, raw matenakhé
ings, as well as to raise their market value. Aleoreno- highest amounts, and influence the climate change

835



mostly; however, at the same time, they can playnan
portant role in order to achieve the global sustaility.
Renovation of buildings in Lithuania and other coigs
may help to solve the problems of energy, enviramale
protection, improve the quality of life (Mitkus abstak
2009; Kaklauska®t al. 2009; Ginewius et al. 2008);

following: should the sustainable building not stain
the sustainable environment?

Over the last decade, more and more global organi-

zations are investing significant resources to tereas-
tainably built environments, emphasizing sustai@abl
building renovation processes to reduce energyurops

therefore, the modernization should meet the requir tion and carbon dioxide emissions (Jwhal. 2010). Re-

ments of sustainable development (Seduilarid Jureli-
onis 2009).

2. Conceptions of Sustainable Development and Sus-
tainable Renovation of M ulti-Apartment Houses

novation of the buildings constructed in the lastabes
and their environment is the task of the increagimgpor-
tance to the private, public, non-profit ownersimores-
tors. The well-being of a human and the whole human
kind depends from the equilibrium of difficult sati
economic and natural processes; therefore, thate qfa

The main provisions of the strategy of the longrter development must be examined as a whole. Not ¢y t
sustainable development on a global scale wereuerm sustainable construction, sustainable renovatiolpudél-

lated in “Agenda 21" of the United Nations, in tBarth
Summit, held in Rio de Janeiro, Brazil. The bagishe
conception of the sustainable development consis®

ings, but also the sustainable world can be creatgdin
this manner.
The term “sustainable construction” is used to de-

equivalent components: environmental protectiorg- ec scribe the application of sustainable developmertoin-

nomic and social development (LR VyriausyB009).
Sustainable development is described as the dawvelaip
of the society, providing the possibility to acleethe
universal well-being for the present and future egan

struction. The basic definition of sustainable ¢orcion
was formulated in the conference organized by G
in USA in 1994: its the creation and managemerthef
healthy environment in the construction works amd b

tions, by harmonizing the environmental, econommid a yond their limits, following the principles of thefficient

social objectives of the society and by not exaegdhe
permissible limits of the environmental
Burinskiere and Rudzkieé (2009), Medineckien et al.

consumption of resources and environmental frieedk

impact. (Ofori 1998; Pollington 1999; Saparauskas 2001;uAnt

chevitiené 2005). This conception also covers the sus-

(2010), Wedding and Crawford-Brown (2007) and manytainability-ensuring constructional materials, safen-

others agree that the goal of the sustainable dprrednt

struction practice and new technologies. The sagfiaid

is to harmonize the economic growth, social pragres tion may be applied also to the sustainable remmvaif
economically use the natural resources and endre tthe multi-apartment houses and their environmemt A

favourable living conditions now and in the futuBus-
tainable development is based not on economicalkoci
institutional dimension, but on their system, ustkend-
able as the integrated society (Ciegligl. 2009). Juske-
vi¢ius (2005) states that the conception of the susstdé
development is understandable as the process atirage
the healthy environment, social welfare and activm-
munity, and the sustainable development in constmic
is understandable as the construction of the mgkli

cording to the climate change, high energy consiompt
it is important in the residential sector to untkemsl and
encourage the application of new technologies,etffie

cient consumption of energy and renewable energy

sources.

With the renovation of residential houses, it isgtut
to reduce the energy and building-maintenance, hitls
order to improve the safety, comfort, aesthetiosjnt
crease the market value (Martinaiéisal. 2007;UZSilai-

which satisfy the needs of the people and enviraime tyté and Martinaitis 2010). However, all this must be e
However, it must be emphasized that the negatiwe en ecuted according to the principles of sustainaldeet
ronmental impact had by the human, both when coropment. The priority goal of the Master Plan ofils

structing and renovating the buildings, must béoasas
possible. According to Andruskeuis (2005), the reno-
vation of the building is an activity, the purpasfewhich
constitutes the rearrangement of the existing cocsbn
works, in order to eliminate its physical, architeal and
aesthetic, functional, comfort-related, operatipisakial,
economic and other types of depreciation of enginge
equipment, etc. However, this purpose must be aetie
by following the conception of the sustainable dinid).

City is to provide the conditions for continuousgciglly
and economically motivated growth of the qualityliéd
and reduction of territorial differences. Constioictsec-
tor has an especially close connection in soc@nemic
and environmental views. Despite the different aliep
culture and economy, there are many similaritie®ragn
the developed and developing countries in termghef
impact of construction industry on environment (Mel
chert 2007). Energy needs grow in the present wesld

AlLwaer and Clements-Croome (2010) understand thpecially rapidly, and it is one of the main reasainy the

sustainable building as a complex of three maiariet

sustainable renovation of buildings must be soght

lated parts: namely, people (owners, residentsyspse minski 2008). Report of Implementation of the Natb

etc.), products (constructional materials, fabricen-
structions, structure, plants, equipment, automatad
control, services) and processes (maintenancesataft

Sustainable Development Strategy for 2005-2007- (Juk
nys 2008) provides for that 70 % of old multi-apaent
houses (about 28.000 multi-apartment houses) véll b

equipment). These are the key closely intercondecterenovated in Lithuania by 2020, and the thermakrgne

parts. However, another highly relevant questiornhis

costs in the housing sector will be reduced to aB6Wa.
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In order to implement these plans and to obtaineffie =~ and Ugursal 2009; Zavadskas al. 2008 a, b; Nai-
cient result, it is necessary to fulfil many cammhis, mavitiené and Mickaity¢ 2007; Balaraset al. 2007,
including the one — to properly assess the versifns 2005; Forsberg analmborg 2004; Flourentzosgt al.
renovation of the buildings and their surroundinyie  2002; Jaggs and Palmer 2000; and many others). The
ronment, by applying the internationally acclaimges- primary role of an environmental building assesdmen

tainable building certification systems. method is to provide a comprehensive assessmeheof
environmental characteristics of a building (CoR99)

3. Overview of the Systems of Assessment of Sustain- using a common and verifiable set of criteria aangéts

able Construction and Built Environment for building owners and designers to achieve higgme/i-

ronmental standards (Ding 2008). The internatignall
Many studies have been conducted within the latteacclaimed systems of environmental building assessm
decade, different methodologies for the assessmént methods are oriented towards the energy saving, eff
buildings have been applied, especially to soleedffi- ciency of water consumption, reduction of £&nission,
ciency of consumption of energy and other resourcesnprovement of indoor quality of life, managemerit o
(Sabapathyt al. 2010; lwaro and Mwasha 2010; Galvin resources and their purposeful consumption.
2010; Sartoret al. 2009; Filippin and Larsen 2009; Swan

Table 1. Sustainable building rating systems

Name of the System Year of Creation, Country
BREEAM (Building Research Establishment Environna¢Aissessment Method) 1990, UK
LEED (The Leadership in Energy and Environment Be)si 1998, USA
HK-BEAM (Hong Kong building environmental assessineethod) 1996, Hong Kong
GBTool (Green building challenge) 1995, International
CASBEE (Comprehensive assessment system for bgikhimironmental efficiency) 2004, Japan
BEPAC (Building environmental performance assessrogteria) 1993, Canada
DGNB (German Sustainable Building Council) 2007, Germany
LiderA 2000/2005, Portugal
Green Star 2003, Australia
HQE (High Quality Environmental standard) 1992, France
Minergie 1994/1997, Switzerland
TQB 2002, Austria
CEPAS (The Comprehensive Environmental Perform&ssessment Scheme for | 2001, Hong Kong
Buildings)
BCA Green Mark 2005, Singapore
TERI GRIHA 2007, India
Protocollo ITACA (Innovation and Transparency o fBontracts and Environmental 2005, Italy
Compatibility)

Many building assessment methods have been cr&ABA assessment tool, having taken into account the
ated in the world since 1990, the ones most fretlyilen environmental, social and economic aspects of their
met are mentioned in Table 1. These and many o#lters country Jordan. Therefore, the majority of the rodth
based on the principles of environmental protechod are mostly broadly applied in the countries whéreyt
sustainable development; therefore, Haapio andaViit have been created. However, the BREEAM and LEED
niemi (2008) raise the question: how to select aloiiin  assessment methods are far advanced, applieduma n
a result that would be most appropriate and mdistie  ber of countries of the world, many later appeasgst
to assess a particular building? And who is resiptmns tems are based on them. These sustainable buitding
for the results, if they contain big errors? Therusiay sessment leaders have different versions to asaessis
really select the results of that method, which m@e types of buildings; therefore, the possibilities their
favourable to him in a particular case? It provides application are broader. E.g. the method intendedst
possibility to manipulate. Table 1 presents thessfient sess particularly the multi-apartment houses wéldy a
systems created in order to reduce the negativeoenv more precise result, than the general methods Wiere
mental impact, by designing, constructing, renawati any type of the building can be assessed.
and/or operating the buildings; however, their eség BREEAM (Building Research Establishment Envi-
limited by differences of climate, legislation, ture, etc. ronmental Assessment Method) assessment method has
of different countries. Therefore, in order to dbtthe  been created in the UK in 1990. It is one of thestiyo
efficient result, the assessment system must bptedla proadly applied methods in assessing the envirotahen
according to the conditions of the country. Witk thelp  impact, related to the buildings. More than 200.600d-

of the assessment methods, such as BREEAM, LEEGhgs in the world have the BREEAM certificates and
CASBEE, GBTool, Ali and Nsairat (2009) offer the
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more than a million of them have been registeredéo-
tification (BREEAM 2009). This method allows to ass

Management

the usefulness of the building in an ecologicapees in Health and Well  10% Eg;/gy
the following fields: Management; Health and Weiltag Being
Energy; Transport; Water; Material and Waste; Laadu 14%
and Ecology; Pollution. Land Use and Transport
LEED (The Leadership in Energy and Environment  Ecology 8%
Design) created in USA in 1998 is also the broaatly 12% Water Materials | ollution
10% 14% 10%

plied, internationally acclaimed, green buildingsess-
ment system. For LEED, also as for BREEAM, it is
sought to determine and assess the level of envizatal
friendliness of the building, to look at the susddiility of
the building as at the whole in respects importanthe
health and environment of the human. This assessmen It is clear that a robust and credible building ienv
method can also be applied in any phase of thejitéee  ronmental assessment scheme will play a key roksin
of the building. LEED encourages the sustainabkvvi Sessing building energy performance (Roderétkal.
into the building in the following main fields (LEE 2009). LEED and BREEAM attach the highest signifi-
2010): Sustainable SiteWyater Efficiency; Energy and C¢ance to the energy consumption (Fig 1, Fig 2)enft

Atmosphere; Materials & Resources; Indoor EnvironMaking a comparison of energy consumption by uSing
mental Quality; Innovation in Operations; RegioRaibr- assessment methods — BREEAM, LEED and HK-BEAM

ity -, Lee and Burnet (2008) concluded that it is Veayd to
The assessment fields of these methods are simil ollect the credits according to the BREEAM ass&sgm

their assessment system is also similar: eachefath Ut Papadopoulos and Giama (2009) notice thatffire e

sessment fields is granted a certain number ofitsred piency of the BREEAM energy consumption is divided

(points) which are attributed according to the vimw into two fielc_is: Energy and Pollution. These twelds
the building being assessed conforms to the aitefi are closely interrelated. The usage of natural ness

that field. After summing up the number of Creditsand the factors influencing the climate change ddpe

(points) collected in all fields, the total residtobtained, from the efficient energy consumption.

which, in comparison with the assessment scale, the The usage of ecologic materials is important in as-
building is assessed (certified): sessing the buildings. After conducting the studycou-

- According to BREEAM: Pass; Good; Very Good: tureet al. (2009) state that, if there are no possibilities t
Excellent ' ' ' "acquire the materials with desirable features,fdhey

- According to LEED: Certified; Silver; Gold; Plati- are expensive, it is almost impossible to receiveigh
num ' ’ ’ LEED assessment. The environmental impact assessmen

However, the BREEAM and LEED assessment meSystems attach not the last significance to tlilsl fiMate-

thods do not cover one of the most important fields rials and resources used for the sustainable bgildiust

) . : have as low as possible negative environmentaldéimpa
financial _as_sessmenLlu and Lu (2009)state that 'Fhe Although the BREEAM and LEED assessment me-
green building must also be based on the econonalt: a

. . i . . . thods are broadly applied, Malmgvattal. (2010), Cole
ysis. Environmental issues and financial considenat (2005), Ding (2008), Humbeet al. (2007), Wallhageet
should go hand n hand as parts of the evaluat@amé- 5 (2008) criticize these methods about their pojrs-s
work (Ding 2008; Kajikawa and Inoue 2010). The payems, as the significances are often determineshefear

off is an important factor in preparing the projetiere-  pases, having influence on the final results ineortb
fore, the non-availability of the financial assessinre- receive as many as possib|e points' The p|ain dewk C
duces the usefulness and efficiency. assessment system is a high advantage; howeveh muc
time and experience is needed to create a reliabie

Fig 2. Significances of the BREEAM assessment fields

user-friendly assessment system. Sustainable develo

Innovation and

Indoor  Design Process Sustainable Sites
Environmental 7% 20%

Quiality

2006 Water Efficiency

%

Materials and Energy and
Resources Atmosphere
19% 25%

Fig 1. Significances of the LEED assessment fields

ment has led to the complicated methods, systemerco
ing much information which must be collected, armaly,
processed; therefore, the assessment systemsrdiieueo
ously improved and updated. The assessment systems
more and more broadly applied, more separate Ingidi
are certified. In order to make the renovation fiisient
as possible, the multi-apartment houses shouldebe-r
vated not one after one, but in a complex manrerthe
whole block together with the environment. At thmeadl
variety of multi-apartment houses, the assessmietiteo
entire renovation of the block of multi-apartmeiwiubes
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could be conducted; and, on the basis of it, therifies

of renovation of the blocks could be set out. Antuchevtieng, J. 2005. Apleist pasta naudojimo modelia-

. vimas darnaus vystymo (-si) aspektu [Modelling a&r®
4. Conclusions lict Buildings’ use from the Perspective of SusthieaDe-
velopment]. Daktaro disertacija, VGTU, Technolosgijo
Certified and highly evaluated multi-apartment hous mokslai, statybos inZinerija (02T).
es must satisfy the users’ needs and be enviromhent Bajaras, C. A.; Droutsa, K.; Dascalaki, E.; Kontoyialis, S.
friendly. It is one of the main requirements of thestain- 2005. Deterioration of European apartment buildiris
able building. However, the sustainable resideitt@alse ergy and Buildings, 37(5): 429-442.
should stand in the sustainable environment. Thezef Balaras, C. A.; Gaglia, A. G.; Georgopoulou, E.; Mgedis, S.;
the complex assessment and renovation of multi- Sarafidis, Y.; Lalas, D. P. 2007. European residént
apartment houses would help to implement it. Thabpr buildings and empirical assessment of the Helléwiitd-
lem of modernization of the buildings in Lithuanlike ing stock, energy consumption, emissions and piafesn-
in many other countries, is especially relevanorder to %913:1 savings.Building and Environment, 42(3): 1298-
determine the efficiency of renovation of the binlgs, a ' )
thorough and comprehensive assessment must be C(ﬁ‘BEEANt') 2009. BREEAM arouql(j kt)lhe world. [\aewed on Def
ducted. On the basis of the principles of sustalitygb zirt?p?;wwfv brei%ﬁ)]brg/g\;gs}speoid:01n35>t e Intemet
the multi-apartment houses should be renovateded- o o o .
rately, but together with their surrounding envireent, Burinskiere, M.; Rudzkie®, V. _200_9. thure |n3|_ght3, scenarios
. ) . and expert method application in sustainable tefait
i.e. block aft_er_ block; and_thus, the obtained ttezmul_d planning. Technological and economic development of
be more efﬁgent. F(_)r this purpose, due to the eriHm economy, 15(1); 10—25.
cally insignificant variety of multi-apartment h@ss it is  gymett, 3. 2007. City buildings — Eco-labels anddgs of
necessary to assess the renovation of blocks ofi-mul  green!Landscape and Urban Planning, 83(1): 29-38.
apartment houses; and, on the basis of that, toutéhe  castro-Lacouture, D.; Sefair, J. A.; Flérez, L.; Matia, A. L.
priorities of renovation of blocks. 2009. Optimization model for the selection of mialerus-
The major part of the sustainable building assess- ing a LEED-based green building rating system ino8sl
ment systems is based on the structure of the gade bia. Building and Environment, 44(6): 1162-1170.
such as BREEAM and LEED. The environment-savingChau, C. K.; Tse, M. S.; Chung, K. Y. 2010. A cho@eeri-
building assessment methods are oriented towarels th ment to estimate the effect of green experiencerefer-
energy saving, efficiency of water consumption,ued ences and willingness-to-pay for green buildingitaites.
tion of pollution and climate change, improvemefit o Building and Environment, 45(11): 2553-2561.
indoor quality of life, management of resources t#adr ~ Ciegis, R.; Ramanauskiene, J.; Martinkus, B. 2009. Cbe-
purposeful consumption. Although BREEAM and LEED  Cept of Sustainable Development and its Use foteius
are mostly broadly applied methods, they do notecov  20ility ScenariosEngineering Economics, 2: 28-37.
one of the most important fields — financial assess. Cole, R. J. 1999. Building environmental assessmettods:

: clarifying intentions.Building Research and Information,
This assessment should be parallel to the othersass 27(4]5): 230-246.

ment fields.
. o Cole, R.J. 2005. Building environmental assessmeirthads:
The susta_lnable b“"d'_”g assessment SVSteT“S are use redefining intentions and role8uilding Research & In-
ful to the designers, architects, contractors anittimg formation, 35(5): 455—467.
owners. Al part|C|pant§ of the rer!ovatlon procaas_ler- Ding, G. K. C. 2008. Sustainable construction — Tolke of
_take to reduce the enVIr_onmentaI impact had bypttilel- environmental assessment todisurnal of Environmental
ing. Therefore, the application of assessment nusthas Management, 86(3): 451—464.
a_hlgh influence on the _natu_ral resource consumptio rjjipnin, C.: Larsen, F. S. 2009. Analysis of enensump-
climate change, C{reduction, improvement of the qual- tion patterns in multi-family housing in a moderateld
ity of life. However, in order to obtain an efficieresult, climate.Energy Policy, 37(9): 3489-3501.
the criteria of the assessment method and thesmsse$  Flourentzou, F.: Genre, J. L.: Roulet, C. A. 2002BLUS soft-
system must be adapted according to the conditibtise ware — an interactive decision aid tool for builgliretrofit
country. studies Energy and Buildings, 34(2): 193-202.
Forsberg, A.; Malmborg, F. 2004. Tools for enviremtal as-
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