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Introduction 

 

This study looks at the construction industry cluster in the Baltic Sea Region – BSR. It 

begins with a short definition and characterization of the construction cluster followed by a 

situation study of construction cluster in BSR. Based on the results from the literature review 

and situational study, the main strengths and weaknesses of the construction cluster were 

assessed. Opportunities for future development of the cluster to address potential threats 

opportunities and threats to the BSR are presented. The STEEP framework (Social drivers, 

Technological drivers, Economic drivers, Environmental drivers, Political drivers) is used to 

identify the drivers of change each having impact on the construction cluster in BSR countries 

over the next decade. The Vision Statement for the construction cluster for BSR is also 

formulated. The vision sees construction as a growing and active cluster, supported by an 

efficient institutional framework encompassing all construction stakeholder groups. The study 

concludes with a sample solutions for construction cluster SME‘s. These are only two 

examples; there are others. The intention is to show SME‘s how by using various multicriteria 

evaluation methods and IT identify the most effective alternative out of number considered 

options. 

 

Definition and characterization of the construction cluster 
 
Cluster definition 

 

Clusters have been described by a variety of definitions. Professor Porter’s definition is 

among the most popular: “Geographic concentrations of interconnected companies, 

specialised suppliers, services providers, firms in related industries, training institutions and 

support organisations linked around as technology or end product within a local area or 

region” (Porter 1998). 

UNIDO defines clusters as “sectoral and geographical concentrations of enterprises that 

produce and sell a range of related or complementary products and, thus, face common 

challenges and opportunities. These concentrations can give rise to external economies such 

as emergence of specialized suppliers of raw materials and components or growth of a pool of 

sector-specific skills and foster development of specialized services in technical, managerial 

and financial matters” (UNIDO 2010). 

An outstanding example of a clustering is found in the ceramic tile industry: 40% of the 

world turnover of the industry is generated in the clusters of Castellón (Spain), Sassuolo 
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(Italy) and Santa Caterina (Brazil) (The Cluster Competitiveness Group, S.A. 2002). A cluster 

is not a lobby or a group of firms that join to reach common objectives. It is just a reality, a 

non-planned phenomenon. Clusters exist, have their own evolution that can be influenced by 

private and public actions but it is very difficult to create them. Industries tend to cluster. It 

may seem a paradox but global competition can be fostered with local elements of 

competitive advantage. Basically, proximity brings (The Cluster Competitiveness Group, S.A. 

2002): 

• Easy access to specialized suppliers, services and human resources; 

• Information spillovers; 

• Flexibility and fast change reaction due to extreme specialization; 

• Imitation facilitates faster innovation adoption. 

All in all, a cluster allows SMEs to compete globally thanks to a better access to 

information and specialized resources, flexibility and rapid adoption of innovations. Will a 

company in a cluster be more competitive than one outside a cluster? In principle, it should be 

because there are better conditions for competitiveness. However, there are entire declining 

clusters. Being in a cluster is not enough. The key for competitive success is strategy. Some 

clusters are outperforming others with longer tradition and much richer environment in terms 

of suppliers, training and technological institutions, associations, etc. Generally these clusters 

have reacted faster to industry changes as liberalization, client concentration, etc. An incorrect 

strategic positioning will eliminate all the effects of operative efficiency improvements (The 

Cluster Competitiveness Group, S.A. 2002). 

Cluster development provides a mechanism to achieve sustainable economic 

development through creation of a local rivalry and demand conditions. The strength of a 

cluster depends largely on the depth and breath of linkages between firms, institutions and the 

support infrastructure. 

 

Cluster characterization 
 

Construction cluster in Europe and BSR 
 

The construction cluster is strategically important for Europe and BSR providing 

buildings (schools, hospitals, offices, housing, etc.) and infrastructure on which all sectors of 

the economy depend. It is the biggest sectoral employer and a major contributor to Gross 

Capital Formation in Europe and BSR.  
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According to FIEC (2009) 44.6 million workers in the EU depend, directly or indirectly, 

on the construction sector. It represents 9.9% of EU GDP and 51.4% of gross fixed capital 

formation. Estimated construction investment (EU 27 – 2009): 1,173 billion EUR, 3 million 

enterprises (EU 27), of which 95% are SMEs with fewer than 20 and 93% with fewer than 10 

operatives, 14.9 million operatives: 7.1% of Europe`s total employment and 29.1 % of 

industrial employment (FIEC 2009). Public infrastructure investments represent between 0.5 

and 2% of GDP in European countries. 40-45% of Europe’s energy consumption stems from 

buildings with a further 5-10% being used in processing and transport of construction 

materials (ECORYS SCS Group 2010). 

The construction sector is defined using the NACE Rev. 2 sector classification (see List 

of NACE codes 2010) and include the following subsectors:  

• Suppliers of construction products and components (incl. wholesale); 

• Site preparation, Construction of complete buildings, building installation, 

completion and rental of  construction machinery; 

• Professional services (incl. architects, engineering services, cost controllers and 

building control bodies). 

Companies providing services as diverse as engineering and architectural services, 

construction management services, real estate development and brokerage and specialised 

financial services, also enter into the construction process (see Figure 1). The role of service 

companies has increased significantly nowadays.  
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Figure 1: Main players in the construction cluster (Verweij et al. 2000) 
 

Furthermore, cluster is surrounded by an intermediary structure of schools, training 

institutes and knowledge institutes, industrial organisations and various organised groups of 

clients (den Hertog, Brouwer 2001).  

This study mostly focuses on the analysis of Section F – Construction (Division 41 – 

Construction of buildings; Division 42 – Civil engineering; Division 43 – Specialised 

construction activities). 

The construction sector is very important for the European and global economy. The link 

to the financial sector has been made clear through the financial crisis that was started by the 

surge in residential housing prices and the subsequent collapse in the residential housing 

market, first in the US and later in Europe and elsewhere. However, the growth in the 

construction sector or lack of it has implications for many other sectors (ECORYS SCS 

Group 2010). 

Construction cluster characteristics (Schartinger 2009; Manseau, Shields 2005; Miozzo, 

Dewick 2004; Zavadskas et al. 2002; Juodis 2001; e-Business W@tch 2006, EF 2005a, 2005b, 

2005c, 2008; The Finnish Real Estate ... 2001; Vision 2020 ... 2006): 

High resource and energy usage 

The construction sector is of considerable economic and strategic importance: more than 

any other sector, construction accounts for use of raw materials and production of wastes. It 



6 

 

provides more employment than any other sector. The outputs of the construction sector affect 

our landscape, our environment, our living and working conditions for generations. Buildings, 

the product of construction, account for about 42% of total energy consumption. Widely 

dispersed objects and high transportation costs are typical for production in construction. 

Low investment in R&D 

Despite the existence of country-specific differences, construction is generally seen to be 

a low R&D investment sector, and a scarcely dynamic industry. It is characterised by very 

long cycles and strong cyclical variations in both demand and profits. Projects and 

undertakings within the construction sector are characterised by a high fragmentation of 

responsibilities, processes and resources. Construction innovations usually come as part of a 

specific project and the process is therefore not continuous. One-off innovations in a 

construction project do not warrant their use in the future. 

In contrast, the construction products, materials and machinery sectors are also populated 

by large multinational firms, with good access to financial markets and a high level of 

technical competence, often in-house R&D. 

Low use of IT 

Many companies in the construction cluster yet fail to see the potential of ICT to enhance 

their competitiveness, productivity and efficiency. For numerous reasons ICT makes its way 

into construction slower than desired. According the e-Business W@tch (2006) the 

construction is a sector where ICT and e-business are used to a lesser extent than in most of 

the other sectors. 

High fragmentation  

The sector itself is also highly fragmented, with a high proportion of very small firms (10 

employees or less) and a high proportion of self-employment within these firms. 

Consequently, key decisions concerning inputs, product and process technologies, which are 

vital for the various requirements buildings have to fulfil, are made by a high number of often 

very small firms operating in highly competitive price-based markets. This has implications 

for their ability to absorb knowledge and information, utilise new technologies and take 

overall responsibility for the success of the final product or service. The absolute majority of 

construction projects are different: the choice of construction technology, organisation of 

construction processes and the cost depend on present conditions for construction. 

Lack of integration and absences of partnering 

Fragmented nature of the construction cluster is determined by the fact that construction 

involves a variety of companies engaged in traditionally separate activities (design, 
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construction, operating, maintenance), also by one-off nature of construction projects, high 

percentage of sub-contracting, etc. This leads to poor coordination, which, in turn, plays part 

in quality, financing, collaboration, mutual sharing of lessons learned and other issues. For 

large scale projects, both local and international, financial resources must inevitably be sought 

and large-project management skills must be present. Such efforts require joint venture 

companies, with financial institutions, design companies and local or foreign companies with 

their own expertise and financial resources involved. Unfortunately, most construction 

companies lack experience and thus are unable to build alliances or joint ventures in time, to 

pool and integrate their resources and experience for specific exports projects or large-scale 

local projects. 

Highly regulated  

The construction sector is highly regulated, in particular energy and environmental 

regulations and safety regulations. 

Labour intensity and poor image  

Despite being very labour-intensive, the construction sector offers poor working 

conditions. Its safety record is typically second following mining in terms of probability of 

injury or fatality. Due to society’s poor image of the construction sector, the sector is failing 

to attract the skills and abilities necessary, if it is to adopt new technologies, improve working 

and performance. 

Domestic oriented 

The construction cluster is very domestic oriented, because its import and export are on 

very low level. Globalization has started in the construction industry as well, but it is far from 

industries, such as automotive. 

 

Situation study of construction cluster in BSR 
 

Performance indicators have been analysed using the most recent available statistical 

data. It is important to note that fairly detailed data about all BSR countries in question come 

from 2010 or earlier. In the face of the current financial and economic crisis, this data is 

insufficient to make a proper review of the construction cluster and its components. 

Production, turnover and value added 

Due to the long-term effects of the global financial and economic crisis, overall EU 27 

construction activity experienced negative growth for the third consecutive year in 2010. BSR 

counties construction activity experienced negative growth for the second consecutive year in 

2010 (see Table 1 and 2). 
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Table 1: Construction production index - annual data - (2005=100) 

  2005 2006 2007 2008 2009 2010 

EU-27 100.02 103.64 105.72 101.71 93.10 89.31 

BSR 100.11 112.29 123.55 123.67 102.63 100.64 

Denmark 99.99 103.79 99.39 93.72 83.64 76.62 

Germany 99.66 105.95 109.05 108.31 108.38 108.65 

Estonia 100.19 127.18 144.40 125.26 87.99 77.10 

Latvia 100.28 113.57 129.07 125.11 81.39 62.33 

Lithuania 100.25 122.01 149.14 155.18 79.94 73.78 

Poland 100.31 115.99 134.93 148.64 155.29 160.97 

Finland 100.07 107.88 118.84 123.67 107.42 120.07 

Sweden 99.95 107.97 114.64 119.47 115.33 122.13 

Norway 100.26 106.28 112.49 113.69 104.25 104.10 

Source: Eurostat 
 

Table 2: Construction production index - annual data - percentage change 

  2005 2006 2007 2008 2009 2010 

EU-27 1.9 3.7 2.0 -3.8 -8.5 -4.0 

BSR 8.0 12.2 9.6 0.1 -16.0 -3.4 

Denmark 3.1 3.8 -4.2 -5.7 -10.8 -8.4 

Germany -5.3 6.3 2.9 -0.7 0.1 0.3 

Estonia 22.4 26.9 13.5 -13.3 -29.8 -12.4 

Latvia 15.5 13.3 13.6 -3.1 -34.9 -23.4 

Lithuania 9.9 21.7 22.2 4.1 -48.5 -7.7 

Poland 9.2 15.6 16.3 10.2 4.5 3.7 

Finland 5.2 7.8 10.2 4.1 -13.1 11.8 

Sweden 3.0 8.0 6.2 4.2 -3.5 5.9 

Norway 8.9 6.0 5.8 1.1 -8.3 -0.1 

Source: Eurostat 

 

The reduction in construction activity has been largely concentrated within building 

subsector, while the index of production for civil engineering remained relatively stable. This 

trend reflects decisions made at a governmental level to maintain expenditure on public 

infrastructure projects. 

According to estimates, the situation varies greatly from one country to the other in BSR 

regarding recovery in the construction sector. While some of BSR countries will experience a 

continuous decrease of activity in 2011 and 2012, some of them will start recovering from 

2011. Few Northern and Eastern BSR countries experienced an uptake of the activity in 2010 

already (Poland, Finland, and Sweden). On the opposite side, a small group of countries will 

remain very much impacted by the crisis in the coming years (Latvia, Lithuania, and Estonia).  
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Furthermore, in almost all BSR countries, the comparative share of construction in the 

gross value added in 2010 was below the 2007 levels (Table 3). 

 
Table 3: Gross value added – Construction, % of all branches 

2005 2006 2007 2008 2009 2010 

EU 27 6.0 6.2 6.4 6.4 6.3 6.0 

BSR 5.8 6.3 6.9 6.9 6.0 5.4 

Denmark 5.4 5.7 5.7 5.4 4.9 4.3 

Germany 4.0 3.9 4.0 4.1 4.4 4.2 

Estonia 7.1 8.7 9.3 8.6 7.0 5.8 

Latvia 6.2 7.4 9.0 9.1 6.6 5.0 

Lithuania 7.5 8.7 10.2 9.9 6.4 5.6 

Poland 6.0 6.4 7.1 7.3 7.5 7.1 

Finland 6.7 6.8 6.9 7.2 6.9 6.6 

Sweden 4.8 5.0 5.3 5.2 5.2 5.5 

Norway 4.4 4.5 5.0 4.9 4.9 4.9 

Source: Eurostat 

 

But if we look at the turnover dynamics, we see that up to 2008 construction turnover was 

growing in almost all BSR countries, save for Estonia and Latvia (Table 4).  

 
Table 4: Turnover by sector – Construction – Millions EUR 

2005 2006 2007 2008 2009 

EU 27 1,383,652.0 1,553,232.0 1,666,950.0 : : 

BSR 275,783.3 314,845.0 338,884.8 375,393.8 36,0427.1 

Denmark 24,378.3 28,163.3 31,481.0 31,997.5 25,276.7 

Germany 137,347.1 153,240.9 143,848.01 158,659.2 169,829.9 

Estonia 2,667.0 3,552.0 4,551.7 4,303.1 2,824.7 

Latvia 2,661.9 4,022.6 5,703.4 5,604.4 3,186.0 

Lithuania 3,020.7 4,058.1 5,690.7 5,736.3 2,803.9 

Poland 27,077.9 33,965.2 44,264.2 58,318.9 54,001.9 

Finland 19,827.7 20,579.0 23,797.2 26,351.6 24,075.6 

Sweden 33,259.6 38,153.9 44,138.9 46,175.3 42,222.4 

Norway 25,543.1 29,110.0 35,409.6 38,247.5 36,206.0 

Source: Eurostat 

 

Germany, Poland and Sweden have the largest market share. The countries account for about 

70% of the entire construction turnover in BSR. The construction turnover of EU newcomers in 

the BSR market accounts for about 20%, Poland taking 79% of that share. Between 2004 and 

2007, before the financial and economic crisis, the construction turnover of these countries was 

growing fastest in BSR. Within this period, the turnover in Poland, Latvia, Lithuania and Estonia 

more than doubled. This was determined by the growing capacity of national budgets coming 

from: economic grown and EU-membership benefits; expansion of banks and other credit entities, 

their growing capital and increasing diversity of new loan products; growing private investment; 
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growing income per person; huge demand for modern infrastructure; huge demand for new 

homes; huge demand for renovation to trim mostly well-worn and inefficient heat and energy 

guzzling national residential stock with insufficient social infrastructure; huge demand for social 

housing; transport sector development (such as the success of the E67 Via Baltica project); more 

investment from other Scandinavian countries and Germany; etc. 

The European Union is also funding an increasing amount of infrastructure work through 

its various structural aid programmes. It is estimated that 30% of European Infrastructure 

development is now partially funded by the EU. 

Recovering economies in Russia and other CIS countries might facilitate BSR companies 

to apply in this market their former experience (Lithuania, Latvia, Estonia) and their 

competencies gained from activities in western markets. Eventually, western markets will also 

aim east and the European Economic Area is likely to become Eurasian. 

The economic state of BSR countries highly depends on productivity. Since about 10% of 

all employed people work in construction and the share of construction in GDP is about 7%, 

productivity variations in construction cluster make direct impact on national productivity and 

thus on national economy.  

Gross value added per employee (FTE) for construction in 2008 is 48,100 EUR in BSR 

(excluding Poland), and 16,600 EUR in the New Member States (Estonia, Latvia, Lithuania) 

(Table 5). The highest value added per employee in the construction sector is created in the 

Norway and Denmark. 

Gross value added per person employed or apparent labour productivity for construction 

in 2008 is 36,000 EUR in BSR, and 16,000 EUR in the New Member States (Poland, Estonia, 

Latvia, Lithuania) (Table 6).  

 
Table 5: Gross value added per employee FTE 

 2008 2009 

EU 27 : : 

BSR 48.1 : 

Denmark 68.9 : 

Germany 50.5 48.3 

Estonia 17.3 14.6 

Latvia 16.0 12.2 

Lithuania 16.4 9.7 

Poland : : 

Finland 64.9 64.2 

Sweden 64.0 57.4 

Norway 87.1 : 

Source: Eurostat 
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Table 6: Apparent labour productivity (Gross value added per person employed) 

  2008 2009 

EU 27 40.0 : 

BSR 36.0 : 

Denmark 50.7 : 

Germany 40.3 38.4 

Estonia 16.5 13.6 

Latvia 14.8 10.4 

Lithuania 13.3 8.0 

Poland 19.4 16.5 

Finland 49.6 48.5 

Sweden 49.0 44.1 

Norway 70.2 : 

Source: Eurostat 

 

So far, productivity in the Baltic States and Poland has been below the European 

standards. Lithuanian, Latvian, Estonian and Polish construction industries are catching up 

with the EU 27 and other BSR in construction labor productivity – but still a long way to go. 

Turnover per person employed in the EU 27 is 127,640 EUR in 2008 (Table 7). Turnover 

per person employed in BSR was below European average in 2008. Only Scandinavian 

countries have a turnover per person employed which exceeds average of the EU 27 and BSR. 

In the New Member States, turnover per person employed is about 63,880 EUR in 2008.  

 
Table 7: Turnover per person employed 

 2008 2009 

EU 27 126.7 : 

BSR 114.4 : 

Denmark 147.0 : 

Germany 107.5 105.0 

Estonia 78.0 63.6 

Latvia 65.8 56.2 

Lithuania 44.8 30.5 

Poland 66.9 57.9 

Finland 152.0 141.3 

Sweden 148.1 134.8 

Norway 219.2 : 

Source: Eurostat 

 

Employment 

The downturn in construction production following the financial and economic crisis has 

had a severe impact on the number of persons employed within the EU and BSR construction 

sector. The EU 27 employment index for construction fell in 2008 (-0.9%), in 2009 (-7.7%) 
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and in 2010 (-5.3%) (Table 8, Figure 2). The BSR employment index for construction begin 

to fell in 2009 (-10.3%) and further in 2010 (-6.8%). Strongest rates of decline have been 

recorded in Latvia, Lithuania and Estonia (Table 9, Figure 2). In few BSR countries the size 

of the construction workforce remained relatively stable (Germany, Poland, Norway, 

Sweden).  

 
Table 8: Construction labour input index - annual data - percentage change 

  2005 2006 2007 2008 2009 2010 

EU-27 2.5 4.1 4.9 -0.9 -7.7 -5.3 

BSR 5.6 8.0 11.4 2.7 -10.3 -6.8 

Denmark 5.2 5.9 6.7 -3.9 -13.6 -7.4 

Germany -6.5 0.2 1.6 0.7 1.3 2.1 

Estonia 8.7 15.0 16.5 0.5 -16.0 -18.2 

Latvia 15.3 16.4 28.1 0.7 -37.7 -18.7 

Lithuania 4.0 10.3 19.0 8.1 -21.5 -17.7 

Poland 8.5 5.3 7.3 4.4 3.9 1.3 

Finland 8.0 2.6 6.6 5.2 -5.7 -1.8 

Sweden 2.5 7.4 7.5 4.9 1.0 -0.6 

Norway 5.0 8.5 9.3 3.7 -4.0 -0.1 

Source: Eurostat 
 
Table 9: Number of persons employed 

  2008 2009 

BSR 3,708,838 : 

Denmark 219,756 : 

Germany 1,582,270 1,601,940 

Estonia 57,227 44,387 

Latvia 89,172 58,831 

Lithuania 141,801 91,909 

Poland 930,213 931,885 

Finland 178,200 171,989 

Sweden 314,964 310,504 

Norway 195,235 193,618 

Source: Eurostat 
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Figure 2: Employment index for 2008 Q4 to 2011Q2 for EU 27 and BSR countries (2005=index 100) 
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The average number of persons employed per enterprise in construction in EU 27 in 2008 

is 4.58 in BSR in 2008 is 5.99 (Table 10). The average above that of EU 27 can be explained 

by the larger average number of persons employed per enterprise in Estonia, Latvia and 

Lithuania. Looking at the period between 2002 and 2009 we see a tendency for the average 

number of persons employed per enterprise to be dropping – in Lithuania, Latvia and Estonia 

in particular (Figure 3). In other BSR countries, the average number of persons employed per 

enterprise remained relatively stable. The shift toward smaller companies indicates that new 

enterprises entering the growing market have been predominantly micro-enterprises or 

businesses made up of self-employed. 

 
Table 10: Number of persons employed per enterprise 

  2008 2009 

EU 27 4.58 : 

BSR 5.99 : 

Denmark 6.1 : 

Germany 6.7 6.7 

Estonia 6.9 5.6 

Latvia 11.7 8.2 

Lithuania 6.3 7.6 

Poland 3.9 4.1 

Finland 4.2 4.1 

Sweden 4.0 3.8 

Norway 4.1 : 

Source: Eurostat 

 

 

 

Figure 3: Number of persons employed per enterprise from 2002 to 2007 for BSR countries 

 

Enterprises 
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Between 2004 and 2007, the number of enterprises in almost all BSR countries remained 

relatively stable, bar Poland, which recorded an increase (Figure 4). However the number of 

enterprises in construction has been affected by the current financial and economic crisis 

(Table 11). The number of enterprises in BSR countries decreased from 717,951 in 2008 to 

700,266 in 2009, representing a decrease of 2.46% over one year period – mostly because of 

dropping numbers in Lithuania, Poland and Denmark. Some countries, though, recoded a 

slight increase (Germany, Sweden, and Norway).  

 
Table 11: Number of enterprises by sector 

  2008 2009 

EU 27 3,284,810 : 

BSR 717,951 700,266 

Denmark 36,028 33,135 

Germany 236,717 240,747 

Estonia 8,317 7,911 

Latvia 7,599 7,137 

Lithuania 22,429 12,112 

Poland 238,125 226,387 

Finland 42,538 42,444 

Sweden 78,234 81,258 

Norway 47,964 49,135 

Source: Eurostat 

 

 

 
Figure 4: Number of enterprises from 2002 to 2007 for BSR countries 

 

The BSR construction cluster is dominated by microcompanies. On average, in the BSR, 

microcompanies (between 1–9 persons employed) constitute 90.6% of all enterprises in 2008. 

Small companies (between 10–49 persons employed) have a share of 8.3%, the share of 

medium-sized companies (between 50–249 persons employed) is 0.99%, the share of large 

companies (249 or more persons employed) is 0.09% in 2008. 
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On average, in the BSR, the employment share of micro, small, medium-sized and large 

companies is 39.7%, 30.9%, 17.7% and 11.7% respectively in 2008. 

On average, in the BSR, the turnover share of micro, small, medium-sized and large 

companies is 28.8%, 30.6%, 21.3% and 19.3% respectively in 2008. This difference between 

size distribution of employment and turnover indicates that, on average in BSR countries, 

turnover per employee is higher in large and medium-sized companies compared to micro and 

small companies. 

On average, in the BSR, distribution of value added at factor cost is 29.7%, 33.3%, 

20.5% and 16.5% for micro, small, medium-sized and large companies respectively in 2008. 

Value added per person employed is higher in large and medium-sized companies also.  

Fragmented nature of the construction industry is determined by the fact that construction 

involves a variety of companies engaged in traditionally separate activities (design, 

construction, operating, maintenance), also by one-off nature of construction projects, high 

percentage of sub-contracting, etc. This leads to poor coordination, which, in turn, plays part 

in quality, financing, collaboration, mutual sharing of lessons learned and other issues. For 

large scale projects, both local and international, financial resources must inevitably be sought 

and large-project management skills must be present. Such efforts require joint venture 

companies, with financial institutions, design companies and local or foreign companies with 

their own expertise and financial resources involved. Unfortunately, construction sector 

SME’s lack experience and thus are unable to build alliances or joint ventures in time, to pool 

and integrate their resources and experience for specific exports projects or large-scale local 

projects. 

Activities of construction companies are governed by a number of laws and regulations 

ranging from territorial planning to construction processes, including laws and regulations 

defining functional zoning, land plot planning, maximum building height, site coverage and 

plot ratios, public procurement, designing, building permits, construction and certification of 

occupancy, construction supervision, warranty terms, operation of buildings and facilities 

management, health and safety at work requirements and so on.  

Also pressure is growing to reduce the environmental impact of construction industry.  

It is possible that increasingly stringent requirements of laws and regulations will be 

imposed on construction companies in the future. Changes in regulations can result in new 

construction or stop planned projects or may impose new liabilities or increase cost of 

operations, which could result in a decline in profitability. 

Research & Development 
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According to EU Industrial R&D Investment Scoreboard Construction is defined as low 

R&D intensity sector (less than 1%) (European Union 2010). The main Eurostat sectoral 

indicators for R&D are total intra-mural R&D expenditure (Table 12), total number of R&D 

personnel (Table 13), share of R&D expenditure in value added (Table 14), share of R&D 

employment in the number of persons employed (%) (Table 15).  

 
Table 12: Total intra-mural R&D expenditure 

 2005 2006 2007 2008 

Denmark : 4.0 0.3 : 

Germany 29.7 27.6 35.9 : 

Estonia 0.1 0.6 0.2 : 

Latvia 1.6 1.6 0.0 : 

Lithuania 0.5 0.6 0.0 : 

Poland 0.0 : : : 

Finland 22.4 24.1 29.5 : 

Sweden 63.8 62.6 43.2 : 

Norway : : 20.3 : 

Source: Eurostat 
 
Table 13: Total number of R&D personnel 

 2005 2006 2007 2008 

Denmark : 90 8 : 

Germany 537 490 611 : 

Estonia 8 12 6 : 

Latvia 58 154 0 : 

Lithuania 12 18 7 : 

Poland 0 : : : 

Finland 423 459 510 : 

Sweden 474 469 386 : 

Norway : : 42 : 

Source: Eurostat 
 
Table 14: Share of R&D expenditure in value added 

 2005 2006 2007 2008 

Denmark : 0.0 0.0 : 

Germany 0.1 0.0 0.1 : 

Estonia 0.0 0.1 0.0 : 

Latvia 0.3 0.2 0.0 : 

Lithuania 0.1 0.0 0.0 : 

Poland 0.0 : : : 

Finland 0.3 0.3 0.4 : 

Sweden 0.6 0.5 0.3 : 

Norway 0.1 : 0.2 : 

Source: Eurostat 
 
Table 15: Share of R&D employment in the number of persons employed (%) 
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 2005 2006 2007 2008 

Denmark : 0.0 0.0 : 

Germany 0.0 0.0 0.0 : 

Estonia 0.0 0.0 0.0 : 

Latvia 0.1 0.2 0.0 : 

Lithuania 0.0 0.0 0.0 : 

Poland 0.0 : : : 

Finland 0.3 0.3 0.3 : 

Sweden 0.2 0.2 0.1 : 

Norway 0.0 : 0.0 : 

Source: Eurostat 
 

The main indicator for company is R&D investments. The other indicators are more 

contextual in nature and include the number of employees, operating profits, capital 

expenditures, market capitalisation and net sales (Table 16). Construction is covered by 

companies in the manufacturing of building materials industry and in onsite construction. 

Companies are assigned to a BSR country on the base of the location of the headquarter using 

the consolidated company accounts. Only information of the top companies is included in 

Table 16. 
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Table 16: R&D ranking of the top 1000 EU companies by industrial sector – Construction & materials 

   

No 

  

 Company 

  

 Rank 

  

 Country 

R&D 

Investment 

Net 

Sales 

Employees R&D/Net 

Sales 

Ratio 

Operating 

Profit 

R&D per 

Employee 

Market 

Capitalisation 

Capital 

Expenditures 

2009 2009 2009 2009 2009 2009 2009 2009 

€m €m # % % of Net 

Sales 

€K €m % of Net 

Sales 

        1,376.43 215,038 1,113,342 0.6 6.0 1.2 83,367 6.9 

Construction & materials (235) 17 17 17 17 17 17 15 17 

5 Assa Abloy 198 SE 86.97 3,421 29,375 2.5 12.7 3.0 5,058 1.5 

6 Schott 219 DE 75.48 2,270 17,709 3.3 -5.3 4.3   9.5 

7 HeidelbergCement 283 DE 50.10 11,117 56,723 0.5 6.2 0.9 5,709 7.2 

8 FLSmidth 313 DK 42.33 3,111 10,664 1.4 9.5 4.0 2,517 0.9 

10 Rockwool 348 DK 34.94 1,501 8,045 2.3 5.4 4.3 1,350 9.1 

13 BAUER 511 DE 18.21 1,097 8,872 1.7 7.6 2.1 495 12.5 

16 Uponor 560 FI 15.50 734 3,426 2.1 4.5 4.5 742 3.0 

17 YIT 564 FI 15.20 3,452 24,497 0.4 4.8 0.6 1,832 0.6 

22 Villeroy & Boch 722 DE 9.39 715 9,440 1.3 -12.1 1.0 54 2.7 

23 Cardo 732 SE 9.18 861 5,599 1.1 6.2 1.6 562 1.2 

25 VKR  768 DK 8.20 2,087 14,322 0.4 9.5 0.6   4.2 

28 Skanska 903 SE 5.66 13,354 52,931 0.0 3.8 0.1 4,523 0.9 

29 Hochtief 925 DE 5.30 18,166 66,178 0.0 3.6 0.1 3,087 4.5 

30 Deutsche 

Steinzeug 

939 DE 5.10 192 1,529 2.7 -2.3 3.3 13 2.8 

32 Lindab  948 SE 4.98 685 4,586 0.7 3.6 1.1 622 6.7 

33 Uzin Utz 971 DE 4.70 172 859 2.7 7.7 5.5 73 1.6 
Source: European Union (2010) 
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No. in Table 12 indicates the rank in Construction & materials sector and Rank indicates 

overall rank in top 1000 EU companies. Among all 35 companies ranked in the Construction 

& Materials Sector, 16 are based in BSR countries. There are no companies from Poland, 

Latvia, Lithuania and Estonia.  

Whilst no figures for the SME‘s in construction industry are available, it is likely that the 

pattern is much lower in SME‘s compared with large companies. 

The reasons behind low R&D investment in construction industry are as follows:   

• the industry is mostly comprised of smaller companies that have limited financial 

ability to carry out R&D and to participate in other innovation activities; 

• companies have small numbers of management staff that do not have the time to 

devote to research; 

• industry is dispersed and fragmented vertically and horizontally.  

ICT in construction 

Many companies in the construction cluster yet fail to see the potential of ICT to enhance 

their competitiveness, productivity and efficiency. For numerous reasons ICT makes its way 

into construction cluster slower than desired. According the e-Business W@tch (2006) the 

construction sector is a sector where ICT and e-business are used to a lesser extent than in 

most of the other sectors. There are two main reasons for this comparatively low ICT uptake: 

• the high concentration of SMEs in the construction sector and  

• the typical nature of the service provided in construction which, being an on-site and 

often highly customised service, does not lend itself to the typical e-business concept 

which is rather adapted to manufacturing industries.  

Besides, joint ICT-use standards are rather difficult to implement when a building’s 

lifecycle involves so many different organisations. Absence of such standards often is the 

central reason inhibiting the use of ICT in construction cluster. Introducing ICT in an 

individual organisation or for an individual operation is less efficient that an integrated 

broader-scale campaign. For a construction site it is complicated to make full use of ICT 

capacity, since communication with staff always on the move within the site is rather difficult. 

Moreover, some construction sites have neither computers nor any network connection. 

Construction employs people of various educational backgrounds, different qualifications and 

work culture. This also inhibits ICT use in construction cluster. Information accessible to a 

range of stakeholder groups leads to issues with legal protection of intellectual property. 

Education 
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All BSR countries have traditionally focused on educating highly qualified engineers in 

construction. There are a number of technical universities in each BSR country, which 

produce bachelors (diploma engineers), masters and PhDs. According to the QS World 

University Rankings (QS, 2011), several BSR universities are included in the category Civil 

& Structural Engineering Rankings. Lund University is 43rd, other universities are ranked 

between 52 and 100 (Table 17).  

 
Table 17: Civil & Structural Engineering Rankings 2011 

Rank Title Country Academic Employer Citations Score 

43= Lund University Sweden 23.4 39.4 75.0  38.5  

51-100  Aalborg University Denmark  14.5  20.0  100.0   

51-100  Chalmers University of 

Technology 

Sweden  26.8  32.8  32.8   

51-100  KTH, Royal Institute of 

Technology 

Sweden  28.1  37.6  48.5   

51-100  Rheinisch-Westfälische 

Technische Hochschule Aachen 

Germany  34.1  43.4  22.5   

51-100  Technical University of Denmark Denmark  27.7  23.4  52.9   

51-100  Technische Universität München Germany  29.9  47.5  8.5   

51-100  Universität Karlsruhe Germany  31.1  32.1  28.4   

51-100  Universität Stuttgart Germany  31.2  31.1  29.7   
Source: QS, 2011 

 

Another reputable ranking, the Times Higher Education’s list of the world’s top 

universities for 2011-2012, has only Technische Universitaet Muenchen (TUM), ranked 43rd 

in the category Top 50 Engineering and Technology Universities 2011-2012 (TSL Education 

(2011). In recent years university rankings have become increasingly important worldwide 

(Rauhvargers, 2011).  

BSR also could be characterised by a well-established system of formal training of 

skilled workers and a set of institutions for training technicians between the level of skilled 

workers and engineers. However, trend is that fewer young people willing to undertake 

vocational training, rather favouring the higher education route and careers in other sectors. 

The image of the construction sector as dangerous, insecure, exhausting and unrewarding was 

also seen as a major barrier of incoming talent. More comprehensive study on future 

qualification and skills needs in the construction sector could be found in Danish 

Technological Institute report (DTI 2008). 

 

Construction cluster SWOT analysis 
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Based on the results from the literature review (ECORE 2005; EIO 2011; European 

Commission 2007; Hampson, Brandon 2004; Jofre 2011; Steinbock 2009; Uusikylä et al. 

2003) and situation study, the main strengths and weaknesses of the construction cluster were 

assessed. Opportunities for future development of the cluster to address potential threats 

opportunities and threats to the BSR are summarised below. 

Strengths 

• A strong tradition and culture of construction and, therefore, much tacit as well as 

formal knowledge/skill 

• Strong capability covering a wide of building technologies 

• Increased focus on R&D among the large construction companies 

• Regional micro clusters (e.g. Gdansk Building Cluster, Poland; Sara, Finland; 

Lappeenranta Innovation, Finland; IUC Wermland, Sweden; Wooden House 

Manufacturers Association, Lithuania, etc.) 

• Strong design, manufacturing and engineering skills base 

• Construction machinery 

• Extensive supplier industry base 

• Good support infrastructure and training facilities 

Weaknesses 

• Fragmented industry 

• Low productivity 

• Weak industry image among customers and potential new workers 

• Lack of integration and absences of partnering 

• Little interest in further education and training among SMEs 

• Low level of R&D investment in sector and especially among SMEs 

• SMEs lack marketing, information technology and management skills 

• Medium ranking of local universities 

• Level of local innovation at below EU average (Lithuania, Estonia, Latvia, Poland) 

• Low use of existing product innovation support schemes (Lithuania, Estonia, Latvia, 

Poland) 

Opportunities for cluster development 

• Embedding information technologies in construction products, technologies and 

processes to improve efficiency and effectiveness 

• Off-site construction (pre-assembly) 
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• Environmentally sustainable development, including waste management 

• Exploit local expertise in related sectors, clusters and technologies e.g. renewable 

energy 

• Demographic changes leading to new markets developing 

• Technology transfer to access leading edge proven technology 

• Develop closer linkages between industry and research sector 

• Support companies with product/process innovation 

• Develop local skills base through increased training 

• Facilitate supply chain integration/collaboration 

• Establish regional centres of excellence in sustainable construction 

• EU and regional development projects 

• Collaboration with regional and national training institutions 

• Demand for housing and development (Baltic States, Poland) 

Threats  

• Many BSR markets with limited growth, if any growth at all 

• Recruitment and retention of ageing workforce in some low-skilled professions 

• Availability of suitable skilled workers (due to emigration) (Baltic States) 

• Quality of transport infrastructure in the region (Baltic States, Poland) 

• Low cost labour overseas 

• Increasing regulatory pressures 

• Availability of finance and time for innovation and capital investment 

• Changes in customer demand 

• Competition from international providers of construction and technical services  

• Global economic downturn which may reduce the demand for construction projects 

 
Drivers of change of the construction cluster in BSR 

 

The STEEP framework (Social drivers, Technological drivers, Economic drivers, 

Environmental drivers, Political drivers) is used to identify the drivers of change each having 

impact on the construction cluster in BSR countries over the next decade.  

Social drivers 

Demographic changes 

- Ageing population/workforce in the sector 

- Less economically active people/labour shortages when the oldest workers retire 
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- Population shift within region 

- Wider array of migrants 

- Increasing mobility of labour force (employees and enterprises) within region 

Demand for different types of new buildings and renewal of existing buildings by 

customers (e.g. smart houses, intelligent building solutions, robotic devices, disabled 

access, high flexibility and great imagination, etc.) 

New lifestyle trends and ways of life 

Poor image due to hard and physically demanding but not well paid work 

Poor occupational safety and health record 

Technological drivers 

ICT in the construction and operation of buildings (virtual reality and simulation, digital 

communication, data sharing and networking, e-procurement, monitoring and control, etc.) 

Smart construction materials/products 

E-business (e-auctions, e-catalogues, e-tendering, etc.) 

Lean construction 

Agile construction 

Off-site manufacturing 

Focus on R&D and innovation 

Economic drivers 

Future energy requirements 

Increase in regulation 

General economic climate 

Consolidation and globalisation 

Shortage of labour and skills 

Sustainable refurbishment of existing building stock 

Productivity 

Partnering 

Environmental drivers 

Environmental sustainability 

Climate change (impacts - both positive and negative) 

Energy efficiency 

Alternative energy/renewables 

Greenhouse gas emissions 

Client requirements 
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Regulations and legislation 

Preservation of natural and cultural heritage 

Large urban regeneration schemes 

Infrastructure needs and requirements 

Political drivers 

Public procurement 

Internationalisation of markets (activities, materials, labour) 

Focus on health and safety legislation 

Focus on energy efficiency legislation 

European context 

Local taxation and finance 

 

Vision of construction cluster 
 

The Vision Statement for the construction cluster for BSR is: 

 

“A dynamic, sustainable, knowledge-based cluster that provides competitive 

products and services for sustainable development and economic growth of Baltic Sea 

Region” 

 

The vision sees construction as a growing and active cluster, supported by an efficient 

institutional framework encompassing all construction stakeholder groups. 

 
Sample solutions for SME‘s 
 

This section focuses on the sample solutions for construction cluster SME‘s. These are 

only two examples; there are others. The intention is to show SME‘s how by using various 

multicriteria evaluation methods and IT identify the most effective alternative out of number 

considered options.  

 

Evaluating the alternative solutions of wall insulation by multicriteria methods 
 

Introduction 

The insulatinon of walls for warm-keeping consists of a number of consecutive 

operations, i.e. fixing the heat insulation board to the wall, fixing the reinforcing mesh to the 

heat insulation board, finishing etc. Each operation requires some particular materials (e.g. 

insulating boards, adhesive, reinforcing mesh, pins, mortar etc.) and labour input. Various 
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materials, differing in weight, thermal characteristics, durability etc can be used. The choice 

of building materials determines the cost of thermal insulation of the walls. Under market 

conditions, when most residential houses are private, the heavy burden of paying for 

renovation is placed on the owners organizations. Therefore, they are interested in a lower 

cost of wall insulation. In this context, the choice of a rational alternative of this operation 

becomes a significant research and practical problem. The criteria describing the available 

thermal insulation alternatives for walls may be assessed differently – for some people they 

can be better, while for others – worse. Moreover, they may change in different directions, i.e. 

in some cases, the increasing criterion value can indicate a better situation, while in others it 

means a worse state. 

The calculations made in the present work by various multicriteria evaluation methods 

allowed us to identify the most effective building wall insulation alternative out of five 

considered options (Ginevicius et al. 2008). 

Complex quantitative evaluation of the alternative solutions of wall insulation 

The main problem in building renovation is the choice of a subcontractor. The 

requirements to this task are stated in technical specifications of the provided documents of 

purchasing which should guarantee competition and encourage the candidates to offer the 

alternative engineering solutions. The customer (client) rejects the offers not complying with 

the requirements provided in specifications. He evaluates the offers from two perspectives. In 

the first case, the lowest cost offered is a key criterion, while, in the second, an economically 

effective scenario is chosen based on a number of criteria, such as quality, cost, technical 

advantages, aesthetic, functional and environmental characteristics as well as maintenance 

costs, efficiency, warranty and technical support, execution period etc. 

According to Lithuanian laws, the specific weight of the cost as a criterion reflecting 

economic efficiency of the suggested alternative should be not smaller than (The amendment 

… 2002): 

60% – when cost and three or more other criteria are considered; 

70% – when cost and two other criteria are considered; 

80% – when cost and one more criterion are considered. 

In order to offer scientifically grounded methodology for selecting the most effective wall 

insulation alternative, a hypothesis was adopted that the wall insulation for warm-keeping is a 

complex phenomenon which cannot be evaluated on the basis of a single criterion, e.g. the 

cost of operation. This phenomenon is multifaceted, with each of the facets being described 

by a particular criterion. In this way, to obtain a true picture, all of them should be integrated 
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into a single criterion. This problem is complicated because the criteria can be expressed in 

different dimensions. Moreover, they may change in different directions, i.e. the higher value 

of some criteria denote a better state, while for others they mean a worse situation.  

Recently, multicriteria evaluation methods have been successfully used to quantitatively 

evaluate such complex and controversial phenomena. To apply them, the following 

procedures should be performed in three steps: a set of criteria describing the object 

considered should be developed, the criteria weights and significances should be determined 

and an appropriate multicriteria evaluation method should be chosen. These methods were 

applied to select the most economically effective alternative of insulating the external walls of 

the Vilnius Gediminas Technical University (VGTU) main building. To develop a set of 

criteria describing the process of wall insulation, which could be used in choosing the best 

alternative, a survey of experts from the Certification Centre of Construction Products, as well 

as specialists from construction and reconstruction enterprises and researchers, was 

conducted. At the first stage, the experts evaluated 20 criteria describing quality and cost of 

wall insulation. At the second stage, the main 9 criteria were selected (Table 18). 

 
Table 18: A set of criteria describing wall insulation scenario 

No Description of criterion Unit of 

measure-

ment 

Direction of 

the criterion 

variation 

1. Cost of wall insulation Lt – 

2. Adhesive (glued) joint strength σσσσmt (concrete/thermal insulation 

board) 

N/mm
2 

+ 

3. Thermal conductivity of thermal insulating board λλλλd W/m
2
K – 

4. Fabric reinforcement weight G gr/m
2 

– 

5. Water absorption coefficient of textured finish wp kg/m
2
h

0.5 
– 

6. Extraction force of a pin fixing thermal insulating board to solid 

materials F 

kN + 

7. Warranty period tw  years + 

8. Service life (longevity) tl years + 

9. Time of completion tc days – 

 

At the next stage, the values of the criteria used in multicriteria evaluation were 

determined. They were obtained from the offers provided by the candidates representing the 

construction enterprises. In general, 7 enterprises provided the tenders. Two of them were 

rejected as not sufficiently qualified. The bids of the remaining 5 enterprises, with the values 

of the criteria described, are given in Table 19.  
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Table 19: The initial data used in choosing the most rational wall thermal insulation alternative for the main 

building of VGTU 

 

 

Description of criterion 
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Wall insulation alternatives 

Ltd1 Ltd2 Ltd3 Ltd4 Ltd5 

1. Cost of wall insulation Lt – 0.6 358,900 354,050 383,150 392,850 407,400 

2. Adhesive (glued) joint 

strength σσσσmt 

(concrete/thermal 

insulating board)  

N/mm
2 

+ 0.0148 0.5 0.1 0.1 0.1 0.12 

3. Thermal conductivity of 

thermal insulating board 

λλλλd 

W/m
2
K – 0.084 0.039 0.038 0.039 0.038 0.041 

4. Fabric reinforcement 

weight G 

gr/m
2 

–  0.008 165 165 170 165 165 

5. Water absorption 

coefficient of textured 

finish wp 

kg/m
2
h

0.

5 
– 0.012 0.35 0.30 0.35 0.30 0.35 

6. Extraction force of a pin 

fixing thermal insulating 

board to solid materials 

F 

kN + 0.03 0.25 0.25 0.5 0.25 0.25 

7. Warranty period tw  years + 0.031 5 7 5 5 7 

8. Service life (longevity) tl  years + 0.039 40 30 35 30 40 

9. Time of completion tc days – 0.01 50 60 70 70 60 

 

The first contractor offered the solution of wall heating which was the best as far as such 

criteria as strength of adhesion (concrete/heat insulating board) –  σmt  = 0.5 N/mm
2
 and work 

execution time –  tc = 50 workdays were concerned. The second contractor offered the lowest 

cost of 354 050 Lt for wall insulation. The best criterion of the third contractor’s offer was the 

extraction  force of the pin attaching heat insulating boards to solid materials – F = 0.5 kN. 

However, the value of the reinforcing fabric weight G = 170 gr/m
2
 in this offer was the 

highest and other criteria were also much worse than those of other bids. The 4th and the 5th 

contractors failed to offer any criterion better than those of other bidders. Moreover, the cost 

offered by the 5th contractor was the highest, while other criteria were not good either. The 

thermal transmittance of thermal insulating board was the highest λd = 0.041 W/m
2
 K, and it 

was the worst characteristic compared to others. The criteria describing the offer of the first 

contractor were in the group of the best indicators, with the weight of reinforcing fabric G = 

165 gr/m
2
 and service life tl = 40 years. The best criteria of the second contractor’s offer were 

thermal transmittance λd = 0.038 W/m
2
 K, the weight of reinforcing fabric G = 165 gr/m

2
, 

water absorption of textured finish wp = 0.30 kg/m
2
h

0.5 
and the warranty period tw = 7 years.  

The following criteria characterizing the offer of the 4th contractor were included in the 

best group: thermal transmittance of thermal insulating board λd = 0.038 W/m
2
K, the weight 
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of reinforcing fabric G = 165 gr/m
2
 and water absorption of the textured finish wp = 0.30 

kg/m
2
h

0.5
. The best criteria of the 5th contractor’s offer were the weight of reinforcing fabric 

G = 165 gr/m
2
, warranty period tw = 7 years and service life tl = 40 years. The worst criteria of 

the first contractor’s offer were water absorption of textured finish wp = 0.35 kg/m
2
h

0.5
, the 

extraction force of the pin fixing thermal insulating board to solid materials F = 0.25 kN and 

service life tw = 5 years. The worst criteria of the second contractor’s offer were strength of 

adhesion (concrete/thermal insulating board) σmt = 0.1 N/mm
2
, the extraction force of the pin 

fixing thermal insulating board to solid materials F = 0.25 kN and service life tl = 30 years. 

The worst criteria of the 3rd contractor’s offer were strength of adhesion (concrete/thermal 

insulating board) σmt = 0.1 N/mm
2
, water absorption wp = 0.35 kg/m

2
h

0.5
, warranty period tw = 

5 years and work execution time tc = 70 days. The worst criteria describing the fourth 

contractor’s offer were strength of adhesion (concrete/thermal insulating board) σmt = 0.1 

N/mm
2
, the extraction force of the pin fixing thermal insulation board to solid materials F = 

0.25 kN, warranty period tw = 5 years and work execution time tc = 70 days. The worst criteria 

of the 4th contractor’s offer were water absorption of textured finish wp = 0.35 kg/m
2
h

0.5
, the 

extraction force of the pin fixing thermal insulation board to solid materials F = 0.25 kN, 

warranty period tw = 5 years and work execution time tc = 70 days. 

The ranks of 5 contractors (enterprises) considered are given in Table 20 according to the 

values of the criteria.  

 
Table 20: The ranks obtained by 5 contractors (enterprises) considered 

No Description of criterion Ranks 

Ltd1 Ltd2 Ltd3 Ltd4 Ltd5 

1. Cost of wall insulation 2 1 3 4 5 

2. Adhesive (glued) joint strength σσσσmt (concrete/thermal insulating 

board)  

1 4 4 4 2 

3. Thermal conductivity of thermal insulating board λλλλd 3.5 1.5 3.5 1.5 5 

4. Fabric reinforcement weight G 3.5 3.5 1 3.5 3.5 

5. Water absorption coefficient of textured finish wp 4 1.5 4 1.5 4 

6. Extraction force of a pin fixing thermal insulating board to solid 

materials F 

3.5 3.5 1 3.5 3.5 

7. Warranty period tw  4 1.5 4 4 1.5 

8. Service life (longevity) tl  1.5 4.5 3 4.5 1.5 

9. Time of completion tc 1 2.5 4.5 4.5 2.5 

Sum of ranks 24 23,5 28 31 28.5 

Ultimate rank 2 1 3 5 4 

 

In such a controversial situation, it is difficult to select the best alternative without using 

mathematical methods. As mentioned above, to solve such problems multiple evaluation 

methods should be applied. 
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The weight values can be used in further multicriteria evaluation, provided that experts’ 

judgments are consistent (in concordance). The concordance level can be determined by 

Kendall’s concordance coefficient W. To calculate this coefficient, preliminary ranking of the 

criteria with respect to each expert should be performed, implying that the most important 

criterion is given the highest value equal to unity (one), the next most important criterion is 

given the value of 2, etc., while the least important criterion is given the value m, with m 

denoting the number of the criteria considered. Similar estimates are given the same rank, i.e. 

the arithmetical mean of the respective ranks.  

The ranking results of 16 experts’ estimates eik (i = 1, 2, ..., m; j = 1, 2, ..., r; m is the 

number of the criteria, r – the number of experts) are in Table 21. 

 
Table 21: Criteria ranking 

Criterion 

No 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Sum of 

ranks 

2 5 6 2 3 6 3 6 5 5 6 2 5 5 3 8 6 76 

3 1 4 1 1 1 1 2 1 1 4 1 1 4 1 2 1 27 

4 8 8 8 8 7 7 8 7 8 8 8 8 8 8 7 7 123 

5 4 5 4 4 3 5 4 6 4 5 4 4 6 7 4 3 72 

6 3 7 3 2 8 6 5 8 2 7 3 3 7 2 6 4 76 

7 6 1 6 6 4 4 3 3 6 1 7 7 2 5 3 5 69 

8 2 2 5 5 2 2 1 2 3 2 5 2 1 4 1 2 41 

9 7 3 7 7 5 8 7 4 7 3 6 6 3 6 5 8 92 

 

The data on the first criterion are not provided in the table because, as mentioned above, 

according to Lithuanian laws, the first criterion (cost) is prescribed at least 60% of the 

significance of all criteria, i.e. the weight of the first criterion is ω1 = 0.6.  

The concordance coefficient W is calculated by the formula (Kendall 1970): 

( )1
12

22 –mmr

S
W = ,     (2) 

where r  is the number of experts, m  is the number of the criteria considered, 

( )∑
=

=
m
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1

2 , ∑
=

=
r

k
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1

(the last column of Table 4), 
m
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m

i
i∑

== 1 .  

In fact, the concordance degree of experts’ estimates is determined by the value 2χ rather 

than the concordance coefficient W (Kendall 1970): 

( )
( )1
12

1
2

+
==χ

mrm

S
–mWr .    (3) 

It has been shown (Kendall 1970) that if the value of 2χ calculated by formula (3) is 

larger than its critical value 2
krχ  taken from the distribution table of 2χ  with 1–m=ν  degree of 
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freedom and the significance level α  chosen to be close to zero, then, the statistical 

hypothesis about expert estimates’ consistency is adopted. 

The concordance coefficient =W 0.561 was calculated based on the data given in Table 

21. The value of =χ 2 62.79 calculated by formula (3) exceeds the critical value 2

kr 14.062χ =  

with the significance level 050.=α  and  8 – 1 7ν = =  degree of freedom (Fisher, Yates 1963). 

This shows that experts’ judgements are consistent and the criteria weights, calculated based 

on expert estimates can be used in multicriteria evaluation. 

In practice, the criteria weights are usually determined by experts. A great number of 

weight determination methods are available. They range from the rating of the criteria and 

direct evaluation to criteria pairwise comparison AHP (Analytic Hierarchy Process) 

developed by Saaty (1980). In the present investigation, a direct method of weight 

determination was used, when each expert assesses the weight of a particular criterion, 

expressing it in per cent so that the sum of criteria weights is equal to 40 (because the first 

criterion is assigned 60% of all criteria significance). 

The estimates of 9 criteria provided by 16 experts are given in Table 22. Based on these 

data, average values of each criterion’s estimates as well as the criteria weights iω  were 

calculated (as one-hundredth of the average value). The sum of the criteria weights iω  is 

equal to 0.4 (the last but one column in Table 22). 

As mentioned above, the weight of the first criterion is fixed equal to 0.6: 1 0.6ω = . 

 
Table 22: Direct evaluation of the criteria weights (the total is equal to 40) 
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Sum Weight Rank 

2 2.5 3 7 5 2 5 0.5 2 3 3 6 3 4 5 2 2.5 55.5 0.0347 5–6 

3 15 5 10 20 15 10 12 25 18 5 20 15 5 15 7 16 213 0.1331 1 

4 1.5 1 3 0.5 1 3 0.5 1 1.8 1 1 1 2 1 3 2 24.3 0.0152 8 

5 3 4 4 4 5 4 1 1 3.5 4 3 4 3 2 5 5 55.5 0.0347 5–6 

6 4 2 6 6 1 4 0.5 1 5 2 4 5 3 6 4 4 57.5 0.0359 4 

7 2.2 10 3 1.5 3 5 10 3 2.5 10 1 2 7 4 5 3 72.2 0.0451 3 

8 10 10 4 2 10 7 15 5 4 10 3 8 10 4 10 6 118 0.0738 2 

9 1.8 5 3 1 3 2 0.5 2 2.2 5 2 2 6 3 4 1.5 44 0.0275 7 

Total 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 640 0.4  

 

Usually, several various multicriteria evaluation methods are used simultaneously 

because each of them has some advantages, peculiar features and logic, objectively describing 

the specific character of the object investigated. The ranks obtained by using different 

methods differ to some extent, therefore, the integration of calculation results into a single 

complex evaluation is of theoretical and practical value. 

The integration of methods and the suggestion of a compromise alternative will be correct 

if there is a correlation between the criteria values of particular methods. The closer the 
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absolute value of the correlation coefficient is to unity, the more reasons there are for 

integrating all the multicriteria evaluation methods into a single ‘pack’. It should be taken into 

consideration that, in some cases, the maximum criterion value, characterizing the leader, is 

the best, while, in other cases, the minimum criterion value is the best. 

Quantitative evaluation methods are based on the matrix of the criteria, describing the 

compared object, statistical data or experts’ estimates ijrR =  and the criteria weights iω , 

1,..., ; 1,...,= =i m j n  (Tables 3, 4), where m  is the number of the criteria, n  is the number of 

the objects (alternatives) compared. When using quantitative multicriteria evaluation 

methods, the maximizing or minimizing character of the criteria is determined. For 

maximizing criteria the maximum values are the best, while for minimizing criteria the best 

values are the minimum ones. The criteria of multicriteria evaluation methods usually 

embrace non-dimensional (normalized) criteria values ijr~  and the respective criteria weights 

iω  (Ginevicius 2008). Most of the methods use a special kind of initial data (criteria values) 

normalization or data transformation. 

Methods differ in their complexity. The most widely used method is SAW (Simple 

Additive Weighing) (Hwang, Yoon 1981). The criterion of the method jS  expresses the idea 

of various quantitative multicriteria evaluation methods – the integration of the criteria values 

and their weights into one quantity. 

The sum jS of normalized weighted values of all criteria is calculated for every j-th 

object by the formula (Hwang, Yoon 1981): 

jS
1

ω
=

=∑ %

m

i ij

i

r ,    (4) 

where iω  is the weight of the i-th criterion; ijr~  is the normalized value of the i-th criterion for 

the j-th object ).1(
1

=∑
=

m

i

iω  

In this case, the normalization of the initial data can be performed according to the 

formula (Ginevicius, Podvezko 2004, 2006): 

ij

ij m

ij

i 1

r
r

r
=

=

∑
% ,    (5)  

where ijr  is the value of the i-th criterion for the j-th object. 

The best value of the criterion jS  is its largest value. 
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The simplest of the applied methods is the sum of ranks of all the criteria (VS). The 

method’s criterion jV  for every j-th object is determined by the formula (Ginevicius et al. 

2006): 

1

m

j ij

i

V m
=

=∑ ,    (6) 

where ijm  is the rank of the i-th criterion for the j-th object (1 ijm m≤ ≤ ). The best value of 

the criterion jV  is its smallest value. The values of the criterion jV  depend neither on the 

normalization method’s initial data and their scale transformation, nor on the values of the 

criteria weights iω  ( 1,..., )i m= . However, the application of this method requires prior 

determination of the type of the criteria used which may be maximizing or minimizing. There 

is also a possibility to convert minimizing criteria to maximizing ones by the formula 

(Ginevicius, Podvezko 2007): 

min ij

ij

ij

r
r

r
=%      (7) 

where ijr  is the value of the i-th criterion for the j-th object. Then, the smallest criterion value 

will become the largest value equal to one. 

The calculations have shown that this criterion may be used only for preliminary 

evaluation. However, in many cases, the results yielded by the method VS, i.e. by ranking 

objects, do not differ considerably from those obtained by complex mathematical methods. 

Another simple method is the geometric mean Πj of the normalized values of all the 

criteria (method GV). It is calculated from the formula (Ginevicius, Podvezko 2007, 2008b): 

1=

Π = Π%

m

m
j ij

i

r ,     (8) 

The priority order established based on formula (8) does not depend on the value of the 

criteria weights iω , therefore, it is not necessary to include it into the above formula. The best 

value of the criterion Πj is its highest value. 

To assess the performance of five considered enterprises, more advanced and 

complicated methods TOPSIS and VIKOR (Hwang, Yoon 1981; Opricovic, Tzeng 2004) 

were used alongside the above described simple approaches. The former method can be 

applied to both maximizing criteria (whose maximum values are the best) and minimizing 

criteria (whose minimum values are the best). 

TOPSIS is based on vector normalization (Hwang, Yoon 1981): 
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where ijr~  is a normalized value of the i-th criterion of the j-th object. 

The best alternative *V  and the worst alternative –V  are calculated by the formula: 

)},/~min(),/max{(},,{* ***
2121        ...,  IirIirVVVV iji

j
iji

j
m ∈∈== ωω  (10) 

)},/~max(),/min{(},,{ ––––
2121       ...,  IirIirVVVV iji

j
iji

j
m ∈∈== ωω  (11) 

where 1I   is a set of maximized criteria, 2I  is a set of minimized criteria, iω  is the weight of 

the i –th criterion )( 1
1

=∑
=

m

i
iω . 

The total distance *
jD  to the best alternatives and –

jD  to the worst alternatives is 

calculated by the formulas: 

∑
=

=
m

i
iijij VrD

1

2
)–~(

** ω     (12) 

∑
=

=
m

i
iijij VrD

1

2
)–~(

–– ω .     (13) 

The main criterion *
jC  of the method TOPSIS is calculated by the formula: 

),(
–*

–
* nj

DD

D
C

jj

j  ..., 1   =
+

=     (14) 

)(
*

10 ≤≤ jC . 

The best alternative is associated with the highest value of the criterion *
jC . The 

compared alternatives should be ranked in the descending order. 

A compromise approach VIKOR (Opricovic, Tzeng 2004) also allows the stability 

intervals of the criteria weights to be established. Like TOPSIS, this method assesses the 

distance to the ideal solution but it is not so sensitive to instability of the initial data, offering 

compromise options in the case of conflicting criteria. 

VIKOR is based on the following type of normalization: 

)min–max()–max(~
ij

j
ij

j
ijij

j
ij rrrrr    /  =    (15) 

)~( 10 ≤≤ ijr . 

The method uses three evaluation criteria:  )n,j(Q,R,S jjj  ..., 1    = . 

The criteria jS  and jR  are calculated by the formulas: 
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The main integrated criterion jQ  is calculated by the formula: 

)–()–()–()–()–(
*–**–*

RRRRSSSSQ jjj  /  1   /  νν += , (18) 

where * – * –

j j j j
j jj j

S min  S  , S max  S ,  R min  R ,  R max  R= = = = , ν  make the majority criterion 

or the strategic weight (in this case, 50.=ν ). 

The best alternatives (enterprises) have the lowest values of the criteria jjj QRS  and  , , 

implying that the considered alternatives should be ranked in the ascending order. 

The value of the criterion of complex proportional evaluation method (COPRAS) 

(Zavadskas et al. 1994; Zavadskas, Kaklauskas 2007; Zavadskas et al. 2008) is defined by the 

formula: 
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where 
1

m

j i ij

i

S rω+ +

=

=∑ %  is the sum of the weighted values ijr+
~  of  j-th maximizing criteria 

(whose  maximum values are the best) for all m objects. – –

1

m

j i ij

i

S rω
=

=∑ %  is the same for j-th 

minimizing criteria (their minimum value  S–min = 
j

min S–j). 

COPRAS is based on the initial data normalization method. 

The results of the suggested multicriteria evaluation by six methods for external wall 

insulation are given in Table 23. In the last column of this table, the values of the correlation 

coefficient, showing the correlation between the criteria values obtained by SAW and the 

criteria values obtained by other methods, are given (Ginevicius, Podvezko 2008a). 

 
Table 23: The results obtained in multicriteria evaluation of wall insulation alternatives for the main building of 

VGTU. 

Method Wall insulation alternative No 

Ltd1 Ltd2 Ltd3 Ltd4 Ltd5 ρ  

SAW Estimate 0.2188 0.2050 0.1977 0.1884 0.1901 1.0 

Rank 1 2 3 5 4 

TOPSIS Estimate 0.745 0.562 0.392 0.217 0.201 0.99 

Rank 1 2 3 4 5 
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GV Estimate 0.2231 0.1878 0.1905 0.1758 0.1899 0.89 

Rank 1 4 2 5 3 

VS Estimate 24 23.5 28 31 28.5 –0.86 

Rank 2 1 3 5 4 

VIKOR Estimate 0.0408 0.176 0.5224 0.7077 1 -0.87 

Rank 1 2 3 4 5 

COPRAS Estimate 0.2186 0.2051 0.1978 0.1891 0.1909 0.99 

Rank 1 2 3 5 4 

Sum of ranks 7 13 17 28 25 – 

Ultimate rank 1 2 3 5 4 – 

 

The calculations have shown that there is a strong correlation between the criterion value 

obtained by SAW and the criterion value obtained by other methods. It is positive for the 

methods GV, TOPSIS and COPRAS, whereas for the methods VS and VIKOR it is negative. 

The weakest correlation is between SAW and VS methods because the criterion values of the 

latter method do not depend on the criteria weights iω  and ranks which are calculated to the 

accuracy of one. A similar value of the concordance coefficient is also obtained for VIKOR 

method. 

We can also see from Table 23 that wall insulation scenario of Ltd1 based on the use of 

methods SAW, TOPSIS, GV, VIKOR and COPRAS was ranked the first, while when using 

the method VS it was ranked the second. The offer of Ltd2 was ranked the first according to 

VS, while being evaluated the second by the methods SAW, TOPSIS, VIKOR and COPRAS. 

However, according to GV, the same scenario was ranked only the fourth. The offer of Ltd3 

was ranked the third based on all methods used, except for the assessment by GV, when it 

was ranked the second. The scenarios of Ltd4 and Ltd5 were ranked the fourth and the fifth, 

respectively, by various methods. The ultimate rank was obtained by integrating all the 

methods into a single ‘pack’ (the last row in Table 23). We can see that the offer of Ltd1 

gained first place, while Ltd2 was the second, Ltd3 – the third, Ltd5 – the fourth and Ltd4 – 

the fifth. 

 

Decision support on-line systems for evaluation of alternative innovative solutions 
 

A passive house design multiple criteria decision support (PHDMCDS) system 

 

Introduction 

Considering the tendencies of energy production and price, it is becoming urgent to 

reduce energy consumption in buildings (Venckus et al. 2010). In 1997, the developed nations 

agreed in the Kyoto Protocol to limit their greenhouse gas emissions. The residential sector 

accounts for a significant part of the final energy consumption in the European Community 
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and, therefore, the built environment is an important target of the governmental environmental 

policies resulting from the Kyoto Protocol (Smid and Nieboer 2008). In January 2007 

European Commission encouraged 27 EU states to set a goal and by 2020 reduce exhaust 

gases contributing to the greenhouse effect by 30% in mature countries and at least by 20% in 

the European Union. Later in Brussels it was agreed upon certain legally obligatory 

objectives, among them reduction of exhaust gases contributing to the greenhouse effect at 

least by 20% and production of 20% of energy from regenerative resources. The EU already 

endeavours to achieve the objectives raised in its respect by Kyoto Protocol, therefore the 

areas suffering from the impact on the environment – transportation and power economy of 

these – are challenged a lot (Transportas ir energetika 2008). Energy efficiency is an essential 

element in making efforts to ensure 20% reduction of primary power consumption by 2020. If 

this aim is attained general EU energy consumption would decrease by 13%, approximately 

100 billion euro and 780 billion tones of CO2 would be saved yearly. The European 

Commission suggested programmes designed to boost the efficiency of household devices, 

improve heat and electricity production and develop energy parameters in buildings and 

international agreement on energy efficiency. However, the highest energy efficiency 

potential lies in building construction and operation methods. Presently buildings absorb 40% 

of EU consumed energy (Transportas ir energetika 2008). It has been established that the fifth 

part of currently consumed energy could have been saved. Everybody agrees that the potential 

of energy saving in buildings is huge. 

The most comprehensive and widely used concept of a very low energy in Europe is 

offered by the German scientist Feist (Passive House Institute 2010), also called the passive 

house concept, where the maximum permissible energy consumption for the heating of the 

building are presented, and at the same time, the total primary energy consumption is 

limited. A passive house is a cost-efficient building that can manage throughout the heating 

period, due to its specific construction design, with more than ten times less heat energy than 

the same building designed to standards presently applicable across Europe (Badescu et al., 

2011). The requirements for building elements thermal properties and the air tightness of the 

building are also presented in this concept (Venckus et al., 2010).  

In order to design and implement a high-quality passive house project, it is necessary to 

take care of its efficiency from the brief stage to the end of its life’s service. The entire 

process should be planned and executed with a consideration of the goals that are aspired to 

by the participating and interested parties and the micro, meso and macro environment levels.  

Components of PHDMCDS system 
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Based on the analysis of existing information, knowledge, expert and decision support 

systems and in order to determine most efficient versions of passive house the PHDMCDS 

system consisting of a database, database management system, model-base, model-base 

management system and user interface was developed by authors (Figure 5). 

 

 

Figure 5: The components of PHDMCDS system 

 
The PHDMCDS system was developed by using methods that were developed by 

Zavadskas and Kaklauskas (Zavadskas, 1987; Kaklauskas, 1999; Zavadskas and Kaklauskas, 

1996; Zavadskas and Kaklauskas, 1999). 

Passive house involves a number of interested parties (i.e. clients, users, designers, 

contractors, suppliers, maintenance organisations, local authorities, government and its 

institutions, etc.) pursuing various goals as well as having different potentialities, educational 

level and experience. This leads to various approaches of the above parties to decision making 

in this field. In order to thoroughly analyze the alternatives available and obtain an efficient 

compromise solution it is often necessary to define them on the basis of economic, qualitative, 

legal, social, technical, technological and other type of information. This information should 

be provided in a most user-oriented way. 

The presentation of information needed for decision making in PHDMCDS system may 

be in conceptual (digital (numerical), textual, graphical (diagrams, graphs, drawing, etc), 

photographical, sound, visual (video)) and quantitative forms. Thus, quantitative information 

presentation involves criteria systems and subsystems, units of measurement, values and 

initial weights fully defining the variants provided. Conceptual information means a 

conceptual description of the alternative solutions, the criteria and ways of determining their 

values and weights, etc.  
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In this way, PHDMCDS system enables the decision maker to get various conceptual and 

quantitative information on passive house from a database and a model-base allowing him to 

analyze the above factors and make an efficient solution. 

The analysis of database structures in decision support systems according to the type of 

problem solved reveals their various utility. PHDMCDS system has a relational database 

structure when the information is stored in the form of tables. These tables contain 

quantitative and conceptual information. Each table is given a name and is saved in the 

computer external memory as a separate file. Logically linked parts of the table make a 

relational model. The following tables make PHDMCDS system database: 

• Initial data tables. These contain general facts about the passive house.  

• Tables assessing passive house solutions. They contain quantitative and conceptual 

information about alternative passive house solutions relating to passive house 

enclosures, engineering systems, utilities, space planning, etc. 

• Tables of multivariant design. They provide quantitative and conceptual information 

on the interconnection of the elements to be designed, their compatibility and 

possible combinations as well as data on complex multivariant design of a passive 

house. 

To design the structure of a database and perform its completion, storage, editing, 

navigation, searching, browsing, etc. a database management system was used. 

The tables assessing passive house solutions contain the variants available and their 

quantitative and conceptual description. Quantitative description of the alternatives deals with 

the systems and subsystems of criteria fully defining the variants as well as the units of 

measurement and values and initial weights. Conceptual description defines the alternatives 

available in a commonly used language giving the reasons and providing grounds for 

choosing a particular criterion, calculation its value, significance and the like.  

The owner and the occupants of a passive house being constructed have their specific 

needs and financial situation. Therefore, every time when using PHDMCDS system they may 

make corrections of the database according to the aims to be achieved and the financial 

situation available. For example, a certain client considers the sound insulation of the external 

walls to be more important than their appearance while some other client is quite of the 

opposite opinion. The client striving to express his attitude towards these issues numerically 

may ascribe various significance values to them which eventually will affect general 

estimation of a project. Though this assessment may seem biased and even quite subjective 
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the solution finally made may exactly meet the requirements, aims and affordability of the 

client. 

Uniform types of relational tables have been chosen to facilitate entering of appropriate 

data into the database. Such unified database also make it possible easily correct and 

introduce new information as well as efficiently carrying out 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 

multivariant design and multiple criteria evaluation of alternative passive house projects 

resulting in the selection of most beneficial variants.  

In order to design and realise an effective passive house project the alternatives available 

should be analysed. Computer-aided multivariant design requires the availability of the tables 

containing the data on the interconnection of the elements to be constructed and the solutions 

made as well as their compatibility, possible combination and multivariant design. 

Since the objectives and financial situations of PHDMCDS system users often vary the 

initial design data and, consequently, the results obtained will also be different. Therefore, the 

objectives and the financial situation of the clients are expressed quantitatively and provided 

as the initial data for calculations. These data should be related to the other information of the 

tables. Based on the above tables of multivariant passive house design possible passive house 

variants are being developed. When using a method of multivariant design suggested by the 

authors until 100000 alternative passive house projects may be obtained. These project 

versions are checked for their capacity to meet various requirements. Those which can not 

satisfy these requirements raised are excluded from further consideration. In designing a 

number of variants of passive house the problem of significance compatibility of the criteria 

arises. In this case, when a complex evaluation of the alternatives is carried out the value of a 

criterion weight is dependent on the overall criteria being assessed as well as on their values 

and initial weight. 

Since the efficiency of a passive house variant is often determined taking into account 

economic, aesthetic, technical, comfortability, legal, social and other factors a model-base of a 

decision support system should include models enabling a decision maker to do a 

comprehensive analysis of the variants available and make a proper choice. The following 

models of model-base are aimed to perform this function: 

• a model for determining the initial weights of the criteria (with the use of expert 

methods), 

• a model for the criteria weight establishment, 
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• a model for multivariant design of a passive house, 

• a model for multiple criteria analysis and setting the priorities, 

• a model for determination of project utility degree, 

• a model for providing recommendations. 

Based on the above models, a PHDMCDS system can make until 100,000 passive house 

alternative versions, performing their multiple criteria analysis, determining utility degree and 

selecting most beneficial variant without human interference.  

A management system of the PHDMCDS model base provides the user with a model 

base allowing him to modify the models available, eliminating those which are no longer 

needed and adding some new models linked with the existing ones. 

The more alternative versions are investigated before making a final decision, the greater 

is the possibility to achieve a more rational end result. Basing oneself on possessed 

information and the PHDMCDS system it is possible to perform multiple criteria analysis of 

passive house projects components (walls, windows, roof, floors, volumetric planning, 

engineering systems, etc.) and select the most efficient versions. After this, the received 

compatible and rational components of a passive house are joined up into projects. Having 

performed multiple criteria analysis of projects made up in such a way, one can select the 

most efficient ones. Strong and weak sides of investigated projects are also given an analysis. 

Facts of why and by what degree one version is better than the other are also established. All 

this is done basing oneself on conceptual and quantitative information. 

Case study 

In order to demonstrate how the PHDMCDS system works and to present its operation and 

functions, a description of working with the system is presented.  

Initially, a client who wants to construct a passive house deals with the selection of the 

best alternatives of windows, doors, roofs, walls, solar collectors, heat pumps, shading 

systems, etc. All these procedures are based both on explicit and tacit knowledge.  

The initial quantitative and qualitative database (criteria system, values and weights of 

criteria) of windows, doors, roofs, walls, solar collectors, heat pumps, shading systems, etc. 

was compiled from the information provided by manufacturers, suppliers, experts and users.  

As an example of multiple criteria analysis, we will take the case of windows. 

After clicking the mouse on the items “Description of the alternatives” the system 

provides the user with the initial data necessary for the analysis (see Table 24). The main data 

on the compared variants are presented in the form of a decision-making matrix, where 
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columns express the discussed alternative variants of windows; and quantitative information 

is presented in rows, which describe the discussed alternatives in detail. 

 
Table 24: Initial data of multiple criteria analysis of the windows 

 

 
Table 24 presents the criteria system, criteria measuring units, and values and weights, which 

describe the discussed alternatives of windows in detail. A user may review all criteria, their 

values and weights.  

A mouse-click on the title of each discussed variant opens a new window on the web-

browser, which presents detailed conceptual (textual, photographic) data of the selected variant. 

When a user activates a particular item, he/she may review additional textual and photographic 

information on each alternative.  

The relation of various types of weights shows the number of times a particular criteria has 

greater/smaller influence on complex effectiveness of alternatives. 

A mouse-click on the menu item “Results of multiple criteria evaluation of the 

alternatives” makes the system perform the multiple criteria analysis of windows. The 

calculations determine the utility degree and priorities of the variants (see Table 25). 

 
Table 25: Results of multiple criteria evaluation of the alternatives 
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After the quantitative assessment alternative is executed multiple criteria analysis of these 

options shall be carried out. Calculations revealed that the best window with 100% efficiency 

coefficient is “UAB Baltijos langai” window, the efficiency coefficient of the second product 

is 89.26%. So the priority of windows has been established. Last window to choose is 

distinguished by the lowest efficiency, in this case it amounts to 53.81% (see Table 25). The 

system’s multiple criteria model for measuring the utility degree and market value shows 

what price of an evaluated alternative would make it equally competitive in the market after a 

complex assessment of all the advantages and disadvantages of the analysed alternatives. 

In order to find what price will make the alternatives being valuated competitive on the 

market a method of determining the utility degree and market value of objects based on the 

complex analysis of all their benefits and drawbacks was suggested by the authors. According 

to this method the alternatives utility degree and the market value of an alternatives being 

estimated are directly proportional to the system of the criteria adequately describing them 

and the values and significances of these criteria. A fragment of market value analysis of the 

windows is presented in Table 26. 

 
Table 26: Fragment of a market value analysis of the windows 
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For example, if the window Megrame 3 would cost 413 Lt instead of 522.18 Lt, it would 

be distinguished as market competitive. Compared with the most attractive option its 

efficiency coefficient would make 81.34% instead of 85.35%. So priority indicator would 

make this window the second out of nine, now it is the fourth (see Table 25). 

After a multiple criteria analysis of windows, doors, heat pumps, roofs, walls, solar 

collectors, etc., alternative variants are developed in an automated way (see Table 27), and the 

best alternative combinations are provided. The alternative multiple criteria variant design 

method developed by authors is used for this purpose. 

 
Table 27: Fragment of the computer-aided development of the passive house alternatives 
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After the activation of the item “Multiple criteria analysis of the developed alternatives” 

the multiple criteria analysis of the developed passive house feasible alternatives is performed 

(see Table 28). 

 
Table 28: Fragment of multiple criteria analysis of the developed passive house feasible alternatives 

 

 

The following processes are automated: multi-criteria analysis of variant combinations, 

determination of utility degree and priorities and selection of the most efficient variants. 
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Moreover the strengths and weaknesses of the analysed variants are presented; i.e., it is 

possible to see why and to what extent one alternative is better than is another. 

Other systems are available at: http://iti.vgtu.lt/imitacijosmain/praktmoksistem.aspx 
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