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Abstract. Development of real estate has the potential to advance sustainability. This is particularly important in residential 
sector as it plays a crucial role in the lives of habitats and directly influences their welfare. As populations grow and cities 
expand, the demand for real estate increases and construction volumes rise. Assurance of sustainability in the residential 
projects becomes a new concern of real estate developers and construction companies. 

This article aims to analyse in more detail the concept of a sustainable residential construction and the evaluation criteria. 
In the first part the concept of sustainable development and its dimensions in residential construction are analysed. The 
second part describes the research methodology. In the third part, the research methodology is applied to the evaluation 
of five residential construction projects in Vilnius, Lithuania. The fourth part describes the possibilities of using wooden 
construction to improve the sustainability of residential construction projects.

Keywords: sustainability, residential construction, multi-criteria assessment, COPRAS method, SAW method, wooden 
buildings.

Introduction 

The development of society is inextricably linked to the 
increasing negative impact on the environment. In recent 
centuries, high economic and human population growth 
has led to irrational use of resources, environmental pol-
lution and unproductive lifestyles. In the middle of the 
20th century, the scientific-technical revolution led to a 
multifold increase in production, use and consumption of 
natural resources. For these reasons, today’s society places 
great emphasis on sustainable development, seeking to 
reconcile economic, social and environmental needs.

With the spread of sustainable development ideas, the 
development of new sustainable residential projects has 
recently gained increasing attention. Sustainability is ex-
pressed in terms of reconciling economic, social and en-
vironmental needs, which makes it difficult to define what 
constitutes a sustainable residential construction project. 
In order to assess whether a project is sustainable, it is not 
possible to select a single area or criterion that can be used 

as a guide and a priority indicator for evaluation; there-
fore, multi-criteria evaluation methods are used to carry 
out integrated evaluation of the projects to select the most 
efficient alternatives. 

Lithuania follows sustainable development goals 
(SDGs) set in the United Nations Agenda 2030. Country 
devotes much attention to the sustainable development of 
cities and communities. The new general plan of the ter-
ritory of Lithuania that is currently being developed will 
integrate the SDGs. It will become the key instrument for 
ensuring inclusive and sustainable urban development, 
reducing the socio-economic exclusion of cities and the 
negative impact of built-up territories on the environment, 
and securing the protection of natural and cultural herit-
age (United Nations, 2018).

This article aims to analyse in more detail the concept 
of a sustainable residential construction project and the 
evaluation criteria. A proposed methodology for the mul-
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ti-criteria assessment of the sustainability of new residen-
tial construction projects is presented. The methodology 
is practically applied to the evaluation of five residential 
construction projects in Vilnius, Lithuania. In addition, 
the article provides an overview of the possibilities of ap-
plying wooden construction in the future perspective.

1. Sustainable residential construction

Sustainability is defined in the scientific literature as the 
relationship between society and the environment, taking 
into account economic, social and environmental factors. 
These three components form the basic idea of sustain-
ability: the needs of the present generation should be met 
without compromising the ability of future generations to 
meet their own needs (World Commission on Environ-
ment and Development, 1987). This is currently one of the 
most important objectives, not only in terms of political, 
economic or ecological direction, but also of great impor-
tance in the field of real estate development. 

The main principles of sustainable development 
were formulated at the World Summit in Rio de Janeiro 
in 1992. Sustainable development was established as the 
main ideology for the long-term development of society. 
The concept of sustainable development rests on three 
equally important dimensions, namely economic sustain-
ability, social sustainability, and environmental sustain-
ability. However, recently it has been noted that the three 
dimensions do not include the very important political 
dimension. Indeed, sustainability transitions have politi-
cal nature. Discussions on climate policy are influenced by 
national and international politics. Furthermore, sustain-
ability transitions involve network governance in which 
private, public, and societal actors are involved (Ottens & 
Edelenbos, 2019). 

When assessing the sustainability of residential con-
struction projects and setting criteria, it is important to 
take into account the four dimensions of sustainability 
mentioned above. From this point of view, “building sus-
tainability involves “green building” design and construc-
tion, taking account of both environmental elements and 
economic benefits, along with social obligations to the so-
ciety we live in” (Janjua et al., 2019). 

The economic sustainability of housing includes the fol-
lowing indicators: the price of housing, low inflation rates, 
favourable conditions for home ownership, i.e. low inter-
est rates (Ginsberg, 2016). The affordability condition is 
also relevant to economic sustainability (Golubchikov & 
Badyina, 2012). According to Mulliner et al. (2013), “sus-
tainable communities must provide decent homes at prices 
people can afford”. Based on Ahmad and Thaheem (2018), 
three main parameters that can be used to assess sustain-
ability are affordability, adaptability and flexibility, and 
manageability.

Social sustainability is an important part of sustainable 
housing (Ahmad & Thaheem, 2017). Sustainable housing 
has to be available, good quality, economical, ecological, 

comfortable and cosy (Zavadskas et  al., 2017). Housing 
planning must be seen as a complex issue, closely linked 
to the provision of essential services and transport infra-
structures, the network of social services, integrity and ac-
cessibility. For communities to be sustainable, residential 
areas must provide hospitals, schools, shops, good public 
transport, open public spaces and a clean and safe envi-
ronment (Zavadskas et al., 2017). According to Tupenaite 
et al. (2017), housing not only provides a place to live, but 
also a sense of security for the future and a strong sense of 
local community. 

Environmental sustainability is mostly researched in 
the literature and extensively used in certification systems, 
such as Building Research Establishment Environmental As-
sessment Method (BREEAM) and Leadership in Energy and 
Environmental Design (LEED). In addition, the focus is 
being extended from the finished building to the building 
process (Schmidt, & Osebold, 2017). Extensive number of 
indicators have been proposed for environmental sustain-
ability assessment of the residential buildings, e.g., effi-
cient use of land, ecosystem preservation, water efficiency, 
energy savings, reduction of CO2, indoor environmental 
quality, reduction of external pollution, use of renewable 
and sustainable materials, waste management (Tupenaite 
et al., 2017). Environmental sustainability criteria can be 
divided into following categories: global warming poten-
tial, emissions to the air, water and soil, water efficiency, 
and resources depletion (Bragança et al., 2010). 

Political sustainability is also very important in achiev-
ing sustainable development goals in terms of coopera-
tion between citizens, civil society, scientific institutions, 
the private sector and different levels of government. Ac-
cording to Sullivan and Ward (2012), sustainable housing 
agendas must adopt a holistic approach, which embraces 
community and social organizational development, as well 
as fiscal and juridical policy dimensions.

In summary, sustainable residential construction pro-
jects must provide a better quality of life for people. Ur-
ban location, infrastructure, accessibility to education and 
medical facilities, population density and environmental 
pollution are all important indicators of housing quality. 
Therefore, current developers of residential construction 
projects must not only build residential buildings and 
meet financial targets, but also take responsibility for the 
environment and society. It can be argued that the concept 
of sustainable residential construction projects is difficult 
to define because it consists of many economic, social, en-
vironmental and political criteria that encompass it. 

2. Methodology

With the rapid pace of real estate development, a funda-
mental question arises as to how to reconcile the econom-
ic, social, environmental and political dimensions in the 
latest residential construction projects. As sustainability 
needs to be assessed in relation to the four main dimen-
sions (see Section 1), it is not possible to choose one area 
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or criterion. Therefore, Multiple Criteria Decision Making 
(MCDM) methods can be used, which help to quantify 
any complex phenomenon and to select the best alterna-
tive according to a number of criteria (Nuuter et al., 2015; 
Zavadskas et al., 2017; Tupenaite et al., 2018). 

The basic steps of the multi-criteria sustainability as-
sessment are presented in Figure 1. 

Steps 1–2: According to the flowchart in the Figure 
1, the first step is to carry out a market analysis and the 
second step is to identify the alternatives (projects) under 
consideration. 

Step 3: Determination of criteria and their significances.
In this step the most important criteria for sustain-

ability assessment of the projects are selected. It is rec-
ommended to perform literature review for this purpose 
and to distinguish the most relevant criteria for particular 
(country or city) context. Criteria have to address all di-
mensions of sustainability: economic, social, environmen-
tal and political. 

Next, the significances of criteria are determined based 
on expert opinions according to Eqs (1) and (2) (Zavads-
kas & Kaklauskas, 1996): 
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The consistency of the evaluation can be measured by 
the Kendall’s (1970) coefficient of concordance of the ex-
pert opinions (W), which indicates the degree of overlap 
between individual opinions. The concordance coefficient 
is equal to 1 – if all the experts’ rankings are the same, 0 – if 
all the rankings are completely different.

Step 4: Development of the initial decision-making ma-
trix. Decision-making matrix consists of alternatives and 
assessment criteria and can be expressed as follows:

1, ; 1, ,,ij m n
P x i m j n

×  
 = = = 

  

(3)

where n is the number of assessed construction projects; 
m – the number of assessment criteria; xij – the attribute 
value of the j-th construction project.

Step 5: Multi-criteria assessment by the Complex Pro-
portional Assessment (COPRAS) method. The COPRAS 
method was introduced by Zavadskas and Kaklauskas 
(1996). Calculations are carried out in the following steps:
1. An estimated normalised decision-making matrix is 

developed:
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2. For each project alternative, the sums that take into ac-
count all dij values for minimizing criteria (S–j) and all 
dij values for maximizing criteria (S+j) are calculated:
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3. The relative efficiency of the compared alternatives (Qj) 
is determined on the basis of the positive S+j and the 
negative S–j values according to the Eq. (6):
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where S–min is the minimum value among the S–j values 
calculated for each alternative.

The greater is the Qj, the higher is the efficiency of the 
project alternative.

Step 6: Multi-criteria assessment by the Simple Additive 
Weighting (SAW) method. One of the simplest and most 
widely used methods is the SAW method (MacCrimmon, 
1968); therefore, it was selected by the authors to validate 
research results, obtained by using the COPRAS method.

The SAW approach uses the following steps:
1. The decision-making matrix (Eq. (3)) is normalised:
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if preferable is maximum of the i-th attribute. (7b)

2. The efficiency of the alternative (project) is determined. 
The members of the normalised matrix are multiplied 
by the significances of criteria and summed:
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Table 1. Description of the projects

Karaliaučiaus slėnis, Elbingo st. 61, Pilaitė (A1)
The project is developed in the Pilaite district. Pilaitė is one of the newer districts 
in Vilnius. The project was implemented in a new area, extending the boundaries 
of the district and creating new infrastructure. The project includes 5 four-storey 
apartment buildings and 18 townhouses. The energy class of the buildings is A+. 
The project was focused mainly on young families, so it includes leisure areas, 
children’s playgrounds, outdoor exercise machines, sunbeds for recreation, bicycle 
paths (Karaliaučiaus slėnis, 2021). 
Shops, schools and other public services are within 1 km, and the city centre is 9 
km away. 

LightHouse, Fabijoniškių st. 5, Fabijonšikės (A2)
The project was developed in the Fabijoniškės district. The area is dominated by 
old-built apartment buildings, with newer apartment buildings in the western 
part of the district. LightHouse is a project with a complex of six apartment 
buildings. The project was built in a densely built-up area. The surrounding 
area consists of five- and nine-storey reinforced concrete apartment blocks. The 
complex is close to children’s playgrounds, green areas and the Cedron Upper 
Landscape Reserve. Two blocks of flats have terraces on the roofs. The buildings 
have an energy class B (Darnu Group, 2021).
Kindergartens, schools and other public services can be reached within 1.5 km, 
while the city centre is 6 km away. 

The greater is the Qj, the higher is the efficiency of the 
project alternative.

Step 7: Ranking of the projects. After the calculations 
have been carried out, the evaluation results obtained are 
compared and the project alternatives are ranked accord-
ing to their efficiency indexes. Thus, the most efficient pro-
jects in terms of sustainability are selected.

3. Case study: multi-criteria sustainability 
assessment of the residential construction 
projects in Vilnius 

3.1. Description of the selected projects

Five implemented residential construction projects were 
selected to assess their sustainability. The selection was 
based on the location of the projects in the city, with pro-
jects located in residential districts, suburban areas, indus-
trial areas and the city centre. A description of the projects 
is given in Table 1.

3.2. Evaluation criteria and determination  
of their significance

Following the analysis of the scientific literature, 10 cri-
teria have been selected to assess the sustainability of the 
residential construction projects, which are presented in 
Table 2.

A survey of experts was conducted to identify the most 
important criteria for assessing the sustainability of the 
projects. The survey was carried out among 10 experts 
from the construction/real estate sector: 3 real estate ap-
praisers, 4 real estate developers and 3 representatives of 
construction companies. The experts were asked to rank 
the criteria from 1 to 10 by order of importance. The sig-
nificances of the criteria were determined on the basis of 

Eqs (1) and (2). To determine the consistency of experts’ 
opinions, the concordance coefficient was calculated: W = 
0.547. 

The expert assessment of the significances of the cri-
teria showed that the most important criteria for assess-
ing the sustainability of the projects are the accessibility of 
urban infrastructure (q5 = 0.117), the energy performance 
class of the building (q1 = 0.109), and the average price of 
the apartments (q5 = 0.107).

3.3. Multi-criteria assessment  
of the residential projects

The initial decision-making matrix is presented in Table 3.
For the COPRAS method, the calculations were car-

ried out according to Eqs (4) to (6), and for SAW meth-
od – according to Eqs (7) and (8). Results are presented in 
Tables 4 and 5.

The calculated efficiency indexes Qj of the comparative 
alternatives expresses the sustainability of the residential 
construction projects. The resulting order of priorities 
by the both COPRAS and SAW methods is as follows: 
A1 A3   A2  A5 A4. 

The multi-criteria assessment of the projects showed 
that the most sustainable project is Karaliaučiaus slėnis 
(A1). It is the best rated project in terms of price, infra-
structure and energy performance. The second-best pro-
ject is Bajorų alėjos (A3). Although the infrastructure is 
only satisfactory, the project has the lowest average apart-
ment price, A energy efficiency class and the best environ-
mental performance. 

The lowest scored project is CNTRL (A4). Although 
the infrastructure is well developed, the project has a high 
average apartment price, making it the least affordable for 
residents.
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Bajorų alėjos, Salaspilio st. 2, Bajorai (A3)
Bajorai is a suburban district of Vilnius, predominantly made up of individual 
houses. The development consists of a block of 7 houses, comprising 4 four-storey 
houses and 3 townhouses. 
The project has a strong focus on the environment, as there are many green areas 
around. The area has enclosed courtyards with green areas. The energy class of 
the buildings is A (Bajorų alėjos, 2021). 
The complex is 3 km from supermarkets, schools and other public services, 11 
km from the city centre. 

CNTRL, Labdarių st. 6A, Senamiestis (A4)
The project was developed among old residential, office and service buildings, 
and is located in Labdariai Street. 
It is a four-storey apartment building with a penthouse. The distances between 
the buildings are small. The project is located away from the main streets of the 
Old Town, where traffic is restricted and noise is less audible. The project consists 
of 37 apartments, so the community is small. The project has underground 
parking with an electric car charging station and bicycle storage. The building is 
energy class A (Citify, 2021). 
Supermarkets, schools and other public services can be reached within 500 m. 

Paplaujos 1, Paplaujos st. 9, Užupis (A5)
The project is being developed in the area of the new Užupis. This is a former 
industrial area. Several decades ago, the area was used for industrial activities, 
which is why the old factory and warehouse buildings are still there. The project 
consists of 3 five-storey apartment buildings. The buildings are energy class 
A. There are green areas around the houses. Central heating with individual 
metering. The area is surrounded by the Belmont Forest and Pavilnis Regional 
Park (Paplaujos 1, 2021). 
Supermarkets, schools and other public services can be reached within 1.5 km. 

Table 2. Sustainability assessment criteria

No. Character Criterion Measurement units Significance
1 q1  Energy performance Score from 1 to 2 according to energy class (1– class B, 2 – class A+) 0.109
2 q2 Installation of renewable 

energy sources (RES)
Score from 1 to 2 (1 – RES not installed, 2 – RES installed) 0.095

3 q3 Pollution ug/m3 0.102
4 q4 Preservation of ecological 

value
Score from 1 to 5 (1 – lowest level of preservation of natural 
territories, 5 – highest level of preservation of natural territories)

0.106

5 q5 Accessibility to urban 
infrastructure

Score from 1 to 5 (1 – infrastructure is poorly developed, 
supermarkets, schools and other public services are far from the 
buildings, 5 – the project is very well incorporated into existing 
infrastructure) 

0.117

6 q6 Community development Score from 1 to 5 (1 – development of community poorly covered 
in the project, 5 – the project extensively addresses development of 
community, specific areas envisaged)

0.094

7 q7 Population density Number/m2 0.101
8 q8 Average price of apartments EUR (per average apartment) 0.107
9 q9 Housing affordability Index 0.098

10 q10 Compliance with 
sustainable development 
policies

Score from 1 to 5 (1 – the project does not address sustainable 
development goals, 5 – the project extensively addresses sustainable 
development goals)

0.071

End of Table 1
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Table 3. Decision-making matrix

Criteria Significances Max/Min*
Values of criteria

A1 A2 A3 A4 A5

Energy performance 0.109 Max 2 1 1.5 1.5 1.5
Installation of renewable energy sources 0.095 Max 2 1 2 1 1
Pollution 0.102 Min 25 26 25 26 26
Preservation of ecological value 0.106 Max 5 3 4 1 2
Accessibility to urban infrastructure 0.117 Max 3 4 1 5 2
Community development 0.094 Max 2 2 2 1 1
Population density 0.101 Min 0.001 0.007 0.001 0.006 0.001
Average price of apartments 0.107 Min 75600 80100 70000 119000 110700
Housing affordability 0.098 Min 100.57 106.56 93.12 158.31 147.27
Compliance with sustainable development policies 0.071 Max 5 4 3 2 1

Note: *Min – the lower values are preferred; Max – the higher values are preferred.

Table 4. Multiple criteria assessment results (COPRAS method)

Criteria
Calculation results

A1 A2 A3 A4 A5

Energy performance 0.029 0.015 0.022 0.022 0.022
Installation of renewable energy sources 0.027 0.014 0.027 0.014 0.014
Pollution 0.020 0.021 0.020 0.021 0.021
Preservation of ecological value 0.035 0.021 0.028 0.007 0.014
Accessibility to urban infrastructure 0.023 0.031 0.008 0.039 0.016
Community development 0.024 0.024 0.024 0.012 0.012
Population density 0.006 0.044 0.006 0.038 0.006
Average price of apartments 0.018 0.019 0.016 0.028 0.026
Housing affordability 0.016 0.017 0.015 0.026 0.024
Compliance with sustainable development policies 0.024 0.019 0.014 0.009 0.005
Sums of S–j values 0.060 0.101 0.058 0.112 0.077
Sums of S+j values 0.162 0.123 0.123 0.103 0.082
Efficiency of the project (Qj) 0.265 0.184 0.230 0.158 0.162
Rank 1 3 2 5 4

Table 5. Multiple criteria assessment results (SAW method)

Criteria
Calculation results

A1 A2 A3 A4 A5

Energy performance 0.109 0.055 0.082 0.082 0.082
Installation of renewable energy sources 0.095 0.048 0.095 0.048 0.048
Pollution 0.102 0.098 0.102 0.098 0.098
Preservation of ecological value 0.106 0.064 0.085 0.021 0.042
Accessibility to urban infrastructure 0.070 0.094 0.023 0.117 0.047
Community development 0.094 0.094 0.094 0.047 0.047
Population density 0.101 0.014 0.101 0.017 0.101
Average price of apartments 0.099 0.094 0.107 0.063 0.068
Housing affordability 0.091 0.086 0.098 0.058 0.062
Compliance with sustainable development policies 0.071 0.057 0.043 0.028 0.014
Efficiency of the project (Qj) 0.938 0.702 0.830 0.578 0.608
Rank 1 3 2 5 4
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4. Building with wood for sustainability  
in residential buildings

Due to global climate change, wood construction is in-
creasingly being chosen to preserve nature and create a 
sustainable environment. Wood is a renewable building 
material, the production process of wooden structures 
and elements produces fewer greenhouse gas emissions 
compared to reinforced concrete and steel, and no carbon 
dioxide (CO2) is emitted during the lifetime of a wooden 
building. Wood also has good thermal conductivity prop-
erties, which can be useful for saving energy during the 
building’s use phase.

Current technologies for the production of timber 
structures allow for the overlapping of the spans of increas-
ingly larger buildings, and by combining timber structures 
with other structures, such as metal or reinforced con-
crete, it is possible to achieve a large building height. The 
construction of a building of wooden structures is usually 
prefabricated and modular, which shortens the duration of 
construction work on the construction site. The method of 
production and construction of the timber frame building 
is sustainable and has a low negative impact on the envi-
ronment. All these features are directly linked to the con-
cept of sustainable development, which means that timber 
structures are expected to become increasingly popular in 
the future.

Wooden construction is gaining popularity worldwide, 
with increasingly large residential and public building pro-
jects being developed in Scandinavian countries, the UK, 
Austria, Canada, the USA and other countries.

One example is the Puukuokka project (see Figure 2) – 
an 8-storey residential building in Finland, one of the 
first examples of multi-storey prefabricated timber struc-
tures in the world, completed in 2015 (Frearson, 2015). 
The complex was planned to comprise three multi-storey 
buildings and offer 184 apartments to the market. The sec-
ond building of the complex was completed in 2017 and 
the third in 2018 (OOPEAA, 2021). 

Puukuokka was a pilot project to develop and test a 
cross-layered timber module system. The entire structure 
and the frame of the buildings are made of solid wood and 

consist of prefabricated volumetric modules. Each apart-
ment has two modules: one with a living room, balcony and 
bedroom, the other with a bathroom, kitchen and lobby. 
The cross-laminated timber modules are assembled in a lo-
cal factory. The use of pre-assembled modules has reduced 
the construction time to six months per building and re-
duced the impact of weather conditions (OOPEAA, 2021).

In Lithuania, the wood industry is strongly developed, 
but multi-storey wooden buildings are not yet construct-
ed. Several main reasons are: lack of general knowledge 
about multi-storey wooden buildings, strict fire safety re-
quirements, lack of attention to the design of multi-storey 
wooden buildings, lack of understanding of the benefits, 
and lack of training of professionals. 

It can be expected that in the future, based on the 
good practice of foreign countries, multi-storey wooden 
buildings will become popular in Lithuania as well, as the 
ecological criterion is becoming increasingly relevant and 
more important for homebuyers.

Conclusions

1. Sustainable development is the link between people and 
their environment, taking into account the four dimen-
sions – environmental, social, economic and political. 
The environmental dimension consists of ecosystems, 
preserving biodiversity, moderate consumption of natu-
ral resources, and reconciling production with environ-
mental considerations. The social dimension includes 
improving the standard of living of the population and 
reducing exclusion, community cohesion and poverty 
reduction. The economic dimension is about ensuring 
continued economic growth and stable economic per-
formance. The political dimension involves the efforts 
of governments and public authorities to promote sus-
tainable development at the national level. The aim is 
for these four dimensions to interact with each other. 

2. In order to achieve the goals of sustainable develop-
ment, there is a growing need for sustainable residential 
construction in the context of rapid real estate develop-
ment and increasing construction volumes. In order to 
assess the sustainability of new construction projects, 
multi-criteria assessment methods can be used to ana-
lyse and assess projects against a wide range of criteria, 
taking into account all four dimensions of sustainable 
development. 

3. The analysis of the scientific literature has led to the 
development of a framework of criteria for assessing the 
sustainability of residential construction projects. The 
criteria framework consists of 10 criteria: energy effi-
ciency, introduction of renewable energy sources, pol-
lution, preservation of ecological value, accessibility of 
urban infrastructure, community development, popula-
tion density, average price of apartments, affordability 
of housing, compliance with sustainable development 
policies. 

4. Applying the COPRAS and SAW multi-criteria assess-
ment methods, it was found that the most sustainable Figure 2. Puukuokka housing block (OOPEAA, 2021)
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new residential construction project among the exam-
ined projects in Vilnius is Karaliaučiaus Slėnis in Pilaitė, 
with Bajorų Alėja in Bajorai, in the second place, and 
LightHouse in Fabijoniškės in the third place. It was 
observed that the experts attached the highest impor-
tance to the accessibility and energy efficiency of the 
city’s infrastructure, but economic indicators, especially 
the average housing price, were also important in the 
evaluation of projects. 

5. In the light of the results of the study, it is suggested that 
developers of new residential projects should take the 
following aspects into account in order to ensure that 
projects are sustainable: good accessibility to urban in-
frastructure, preservation of ecological value and crea-
tion of a community environment. In order to achieve 
sustainability, the construction of blocks of flats made 
of wood, a natural material, could be considered, based 
on best practice in other countries.
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