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Abstract

:

The continuous growth of the world population, resource scarcity and the threat of climate change pose numerous environmental and social problems to the world. Therefore, much hope is put in the concept of sustainability. Companies are increasingly coming under strong global pressure to incorporate sustainability considerations into their project decision-making process. Business projects in the construction industry are among the most important, as this sector is one of the largest sectors and of major importance for the national economy and therefore has a huge impact on the environment and society. Thus, we have to explore ways to integrate sustainability into the management of those projects. This paper presents a composite sustainability index of a project (CSIP) which has been created following a review of existing literature and a pilot research study. A pilot research study was conducted in the Lithuanian construction industry between January 2015 and June 2015. Sustainability criteria were chosen and grouped on the basis of the analysis of the literature and different standards relating to sustainability applicable in the construction industry. A survey was used to select and rank the most important sustainability criteria. The index was constructed using multi-criteria decision-making methods. The results of the pilot study revealed that practitioners in the Lithuanian construction sector attach most importance to 15 sustainability criteria. A composite sustainability index of a project combining all these criteria may be useful in assessing the sustainability of a business project and making decisions regarding project portfolio selection and financial resource allocation. When addressing the issue of financial resource allocation in a project portfolio, the decision-maker could take into account not only the project’s return and risk, but also its sustainability. The understanding of this study should enable companies to execute sustainable projects, which could make a contribution to the sustainable development of organizations and thereby increase their competitive advantage.
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1. Introduction


Sustainability is considered one of the most significant challenges facing society today. The concept of sustainability is widely applied by many companies through their mission statement and strategy. It is also one of the most popular research fields for scholars. More recently, the idea of sustainability has also been incorporated into project management [1,2]. At the 22nd World Congress of the International Project Management Association (IPMA) in 2008, IPMA President Mary McKinlay stated that “the further development of the project management profession requires project managers to take responsibility for sustainability” [3]. The consideration of sustainability is gaining a greater prominence in the field of project portfolio management. There is an increasing understanding of the need to develop methods, tools and techniques to integrate sustainability criteria into the management of projects, as well as a growing need of knowledge and concepts on how to adopt sustainability in project portfolio management [4,5,6,7,8,9,10]. Silvius and Tharp [11] concluded that “the relationship between sustainability and project management is […] picking up momentum”.



Although quite a few scholars understand that sustainability should be integrated into project portfolio management, the integration of sustainability as such and especially the assessment of the sustainability of a business project remain a complex and open issue [12]. Hence, there is a need to develop a tool that would allow quantifying the sustainability of a business project. Taking into account the fact that sustainability indicators and composite index are used to assess different aspects of sustainability [8,13,14,15,16,17,18,19,20,21,22,23], we decided to develop a composite sustainability index to assess the sustainability of a project (CSIP). The construction industry was chosen for research purposes. The importance of the construction industry for the three elements of sustainability (e.g., environmental, social, economic) cannot be disregarded, since construction is of great economic significance and has a strong environmental and social impact.



The aim of this article is to propose a tool to measure the sustainability of a business project in the construction industry.



The objectives of this article are as follows: (1) to analyze the scientific literature on the relationship between sustainability and project portfolio management; (2) to review the literature on sustainability in construction project portfolio management; (3) to present the Lithuanian construction sector; (4) to develop a composite sustainability index of a project; (5) to show the possibilities of integrating a composite sustainability index of a project into project portfolio management (more specifically, financial resource allocation in a project portfolio).



The research methods are: analysis of scientific literature and other information sources, survey and statistical analysis, and multi-criteria decision analysis (MCDA).




2. Sustainability in Project Portfolio Management


While there are plenty of sources on project management (project portfolio management) or sustainability itself, there are relatively few authors that have linked sustainability with project management [7,10]. This connection involves many concepts depending on the approach adopted by the research team [10].



Sustainability in project management has at its core the preservation of natural resources, positive impacts on the society and the strengthening of the global economy. The Project Management Institute states that sustainability in project management is a new global model of making business and managing a project to incorporate sustainability in every phase [24].



Tom Taylor, former chairman of the Association for Project Management, was one of the first to suggest that the project management community should encompass the issue of sustainability, and thereby contribute towards a more sustainable society [25]. In some of the first publications on sustainability and project management, Labuschagne and Brent [26] related sustainable development to project life cycle management in the manufacturing industry. They described three goals for sustainable development (i.e., social equity, economic efficiency, and environmental performance) in various project life cycle management problems.



Project management approaches and instruments were put together in toolboxes and handbooks to manage sustainability projects. Moreover, project sustainability checks have been developed for specific project types such as facility and infrastructure projects [27]. In addition, studies of appraising sustainability in projects have been reported for construction projects [28]. Gareis et al. [1] developed a model to address relationships between sustainable development and project management. The model comprises sustainable development principles and project management objects. Further, a Maturity Model for integrating sustainability into project management was developed by Silvius and Schipper [29]. The model assesses the level (i.e., business process, business model, and product and services delivered by the project) on which different aspects of sustainability are considered in the project.



A more academic approach to sustainability in projects was taken by Oehlmann [30]. She developed the “Sustainable Footprint Methodology” to analyze and determine the relevant social, environmental and economic impacts of a project. Furthermore, the problem of selecting the best portfolio with respect to the organizational strategy that includes sustainable goals was considered by Vandaele and Decouttere [31]. The authors developed a data envelopment analysis (DEA) model with the aim of supporting strategic Research and Development portfolio management. The authors then proposed to use development costs, investment costs, and technical risk as inputs for DEA, and performance indicators, such as market size, competition, sales potential, profitability or technical probability of success, as outputs for DEA. In addition, Sanchez [32] developed a framework to help ensure that organization is working on the right projects to implement its business strategy and satisfy stakeholders’ demands. The author believes that this conceptual framework has a good potential for integrating sustainability and project management in operational terms. Khalili-Damghani and Tavana [33] proposed a comprehensive framework for sustainable strategic project selection problem.



Finally, PRiSM (Projects integrating Sustainable Methods) was developed by Global Precipitation Measurement GPM Global as a means of creating a methodology that took environmental and social factors into account. It is a sustainability-based project delivery method. PRiSM was developed for organizations to integrate project processes with sustainability initiatives. The principles of PRiSM adhere to the P5 Standard which integrates the products (technical aspect), processes (governance aspect), profit (financial aspect), planet (environmental aspect) and people (social aspect) matters into the project. “The GPM P5 Standard is a tool that supports the alignment of Portfolios, Programs and Projects with organisational strategy for Sustainability and focuses on the Impacts of Projects Processes and Deliverables on the Environment, Society, the corporate bottom line and the local economy” [34].



The literature analysis revealed that sustainability is becoming more and more important in the field of project portfolio management. The project management community realizes the necessity to develop methods, tools and techniques to integrate sustainability criteria into project portfolio management.




3. Sustainability in Construction Project Portfolio Management


In 1994, the concept of sustainable construction was born at a tactical level in the building sector and in civil engineering [8]. Kibert [35] defines sustainable construction as the responsible development and management of a healthily built environment based on the efficient use of resources and ecological principles.



Sustainability in construction covers not only environmental issues, technical efficiency and functional requirements, but also urban renewal and social aspects. Sustainable construction aims to design buildings that would allow saving energy and resources, protecting the health of residents and ensuring their well-being. As a result of the introduction of new European standards on sustainable construction products, processes and works, the application of strategies towards energy efficiency in buildings, compliance with building energy performance requirements, the application of energy performance certification with a view to achieving the Europe 2020 targets, the future development of the construction industry is related to building energy performance, resource efficiency, low carbon economy, energy efficiency, sustainable buildings, etc. [36].



Internationally recognized environmental assessment systems for buildings (e.g., BREEAM (Building Research Establishment Environmental Assessment Method, UK), LEED (Leadership in Energy and Environmental Design, USA), DGNB (German Sustainable Building Council, Germany) are oriented towards energy saving, efficient water use, reduced CO2 emissions, improved quality of life, resource management and appropriate consumption.



Still, the need to focus on sustainability issues is neglected in almost all current literature relating to construction portfolio management [37]. For example, Tong et al. [38] recommended the use of generic algorithm optimization in the building and construction portfolio management. They argued that the proposed model can be used to forecast long-term asset management strategies and help minimize total maintenance and replacement costs. Hernandez et al. [39] introduced a metric known as the Project Value to Portfolio Value (PV2PV) to assess added value (from a financial perspective) of a new construction project to the value of the company’s actual portfolio of construction projects. The PV2PV indicator allows establishing a modified ranking of the individual projects of the portfolio should a new incoming project be included in the firm’s portfolio of standing projects. Guo and Yu [40] highlighted the current situation of the Chinese construction industry and argued for the adoption of project portfolio management.



However, only few authors have considered how sustainability could be measured in construction project portfolio management. Sanchez and Lopez [8] developed a methodology to identify sustainability indicators in construction project management. Al-Kilidar et al. [41] presented a maturity model for the implementation of sustainable project portfolio management in construction. The maturity model provides guidance on how project portfolio management can move beyond resource balancing to provide a higher level of portfolio oversight for the construction industry including the incorporation of sustainability considerations. Siew [37] proposed robust methods to account for sustainability across two critical stages: screening and optimal portfolio selection. During the screening stage, sustainability criteria are proposed followed by the use of second order moment to measure sustainability. The means and variances derived from the screening stage are then used to find the efficient portfolio frontier (the expected return is substituted by the expected sustainability score of projects, while the variance of return is substituted by dispersion of the sustainability score).



Thus, as mentioned in the introduction, there is a huge demand to develop a tool that would allow assessing the sustainability of a business project in the construction industry. To this end, we propose to use a composite sustainability index of a project (CSIP).




4. Overview of the Lithuanian Construction Sector


The construction sector is one of the most important sectors in the European Union. In the European Commission’s Communication “Strategy for the sustainable competitiveness of the construction sector and its enterprises” adopted in 2012, the construction sector, which generates almost 10% of GDP and provides 20 million jobs in the EU, is identified as having a significant influence on the development of the EU economy.



The construction sector represents an important part of the Lithuanian economy. In 2007–2013, this sector generated from 6% to 10% GDP, employed from 7% to 12% of the country’s labor force. Furthermore, one job in construction is related to another 3–4 jobs in other sectors. Construction production processes and operation of buildings consume about 50% of Lithuania’s energy needs; buildings and engineering structures absorb around 50% of the country’s total material investments.



However, the Lithuanian construction sector faces a number of major challenges, such as ageing social and engineering infrastructure, low labor productivity which is almost half the EU average (according to Eurostat data, one worker employed in the Lithuanian construction sector generated approximately EUR 24.5 thousand of value in 2014, whereas the EU average stood at EUR 47.5 thousand), low investment in scientific research and development (according to the Lithuanian Department of Statistics, expenditure on scientific research and experimental development in the construction sector amounted to only EUR 0.2 million in 2013) [42].



The development of the construction sector is inextricably linked with the initiatives to promote the development and growth of the EU economy as a whole and individual national economies, as well as related strategic documents. The Europe 2020 strategy put forward three mutually reinforcing priorities: smart growth (developing an economy based on knowledge and innovation); sustainable growth (promoting a more resource efficient, greener and more competitive economy); inclusive growth (fostering a high-employment economy delivering social and territorial cohesion). The headline targets under these priorities, which have a direct impact on the construction sector, are as follows: reduce greenhouse gas emissions by at least 20% compared to 1990 levels; increase the share of renewable energy in final energy consumption to 20%; and achieve a 20% increase in energy efficiency [42].



In the light of the growing demands of the Lithuanian economy and the current level of the construction sector, relatively low labor productivity, increasing expenditure on resources and a shortage of highly qualified human resources, and initiatives by other countries to enhance the competitiveness of the construction sector, the Lithuanian construction sector needs a new approach.




5. A Composite Sustainability Index of a Project


Various methodologies exist to construct composite indicators (CIs). Nardo et al. [43] described a framework for the construction of a composite indicator, which includes several steps, among which weighting and aggregation are the most significant. The other steps are as follows: selection of indicators and data, imputation of missing data, and normalization of the selected indicators. Furthermore, Hatefi and Torabi [44] proposed a common weight multi-criteria decision analysis (MCDA)-DEA approach for constructing CIs, whereas Zhou et al. [23] developed a multiplicative optimisation approach for constructing CIs, using the weighted product (WP) method.



On the basis of various methodologies used to construct composite indices [8,13,14,22,45,46], one of the methodologies for constructing a composite sustainability index is presented below (see Figure 1).
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Figure 1. A methodology for constructing a composite sustainability index of a project. 
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The construction of a composite sustainability index of a project is divided into several steps. Identification and selection of criteria and indicators is a primary requirement for constructing a composite sustainability index. Based on the analysis of the literature [8,14,21,23,47,48,49,50,] and different standards relating to sustainability applicable in the construction industry, ISO-21932-2013 standard (sustainability in buildings and civil engineering) [51] was selected as a criteria framework. A total of 56 criteria were chosen, which were then grouped into social (15 criteria), environmental (23 criteria) and economic (18 criteria) groups (see Table S1)



The survey was conducted in two stages. In the first stage, questionnaires were sent out to 226 professionals. In order to ensure a professional survey, experts were selected on the basis of the following criteria: their position, competence and work experience. After the questionnaire was sent out, including follow-up reminders, a total of 29 responses were received, of which 15 from CEO, six from engineers, and eight from project managers. Thus, 29 construction professionals took part in the first stage. According to Keeney et al. [52], “there are no universally agreed criteria for the selection of experts”, thus it is up to researchers to decide on the number and qualifications of the experts used. In order to identify key issues, these experts were asked to rate, on a 5-point Likert scale, the level of importance of each item, with 1 meaning not important, and 5 meaning very important. The survey results were compiled, and the mean value of each criterion was determined. Sustainability issues were arranged in ascending order of their mean values. The critical value was considered as the basis for identifying key sustainability criteria. Thus, the cut-off value 3.00 was used, consequently, sustainability issues with the mean value greater than 3.00 were identified as important. According to Van Cauwenberg et al. [53], if too many indicators were considered the indicators would become difficult to understand. Therefore, we selected the most important sustainability criteria.



After the first stage, 15 criteria (four economic, six environmental and five social criteria) of construction sustainability were selected to be used in the second stage. The group of professionals in the second stage was made up of two groups of experts, namely 12 professionals from the first stage, and 10 additional new professionals representing the construction industry. Thus, this expert group was composed of 22 professionals in total (nine CEO, three engineers and 10 project managers). The professionals had to rank the importance of each criterion from 1 to 15, where the highest score was 15 points and the lowest 1 point. The obtained results are shown in Table 1 below.
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Table 1. Criteria and indicators.







Table 1. Criteria and indicators.







	
Dimension

	
Code

	
Criteria

	
Indicator

	
Points






	
ENVIRONMENTAL

	
    I 1    

	
Water consumption

	
    m 3    /Net income

	
141




	
ENVIRONMENTAL

	
    I 2    

	
GHG emission

	
     C O  2    t /   Net income

	
160




	
ENVIRONMENTAL

	
    I 3    

	
Use of durable materials

	
Costs for durable materials/Costs for al materials

	
108




	
ENVIRONMENTAL

	
    I 4    

	
Use of materials with low health risk

	
Costs for materials with low health risk/Costs for all materials

	
104




	
ENVIRONMENTAL

	
    I 5    

	
Use of renewable energy

	
Renewable energy/All energy

	
116




	
ENVIRONMENTAL

	
    I 6    

	
Energy consumption

	
Gigajoules (GJ)/Net income

	
202




	
SOCIAL

	
    I 7    

	
Project declared of general interest

	
Project costs/All costs

	
32




	
SOCIAL

	
    I 8    

	
Safety and health of workers

	
Number of injuries/Total number of employees

	
286




	
SOCIAL

	
    I 9    

	
Leadership/Knowledge management

	
Number of accredited professionals/Total number of employees

	
218




	
SOCIAL

	
    I  10     

	
Local workers during construction, operation and maintenance

	
Number of local workers/Total number of employees

	
95




	
SOCIAL

	
    I  11     

	
Training of workers

	
Yearly training hours/Total number of employee

	
117




	
ECONOMIC

	
    I  12     

	
Reduction of direct costs

	
Direct costs/All costs

	
299




	
ECONOMIC

	
    I  13     

	
Reduction of indirect costs

	
Indirect costs/All costs

	
262




	
ECONOMIC

	
    I  14     

	
Maintenance costs

	
Maintenance costs/All costs

	
199




	
ECONOMIC

	
    I  15     

	
Construction time

	
Number of months/Net income

	
301









Since experts very often hold different opinions and views about the problem at hand, it is necessary to assess the degree of agreement between their opinions. Agreement between two experts can be quantified by the correlation coefficient. Where the number of experts is greater than two, the level of agreement among the group experts is determined by the coefficient of concordance [54]. Therefore, the degree of agreement between the opinions of the experts was assessed by applying Kendall's coefficient of concordance W. Kendall’s coefficient of concordance W is calculated in accordance with the following Formula [55]:


   W =   12 S    m 2   (   n 3  − n  )      



(1)




where:

	
W is Kendall's coefficient of concordance;



	
S is the sum of the deviation of ranks from the mean;



	
n is the number of objects (criteria) (i = 1, 2, …, n);



	
m is the number of experts (j = 1, 2, …, m).





where expert opinions are practically unanimous, the value of W is close to one; on the other hand, when assessments are conflicting, the value of W is close to zero. The calculated value of the coefficient of concordance (W = 0.73) indicated that the expert assessments are very similar.



The reliability of the expert opinions was also evaluated. M. Kendall demonstrated [40] that if the number of objects (criteria) is greater than seven (n > 7), the significance of the coefficient of concordance may be determined using Pearson criterion     χ 2    . Random value


    χ 2  = m  (  n − 1  )  W =   12 S   m n  (  n + 1  )      



(2)




is distributed by the     χ 2     distribution with ν = n – 1 degree of freedom. According to the selected level of significance α (in practice, the value of α is 0.05 or 0,01), the critical value     χ  k r  2     is obtained from the table of the     χ 2     distribution with ν = n – 1 degree of freedom. If the value of     χ 2     calculated in accordance with formula (2) is greater than     χ  k r  2    , expert assessments are in agreement. In our case,     χ 2     >     χ  k r  2     (224.74 > 23.68). Hence, the expert assessments are in agreement and may be used for further research.



Another important step is weighting of the indicators. Individual indicators characterizing the research object make a different impact on the objective under consideration. Therefore, in the case of quantitative multi-criteria assessments, it is essential to establish the significance of indicators, i.e., their weights. The most common method is the so-called subjective assessment when the weights of indicators are determined by experts [56]. When the calculation of weights is based on expert assessments, the weights of indicators are determined by applying mathematical statistical methods. The values of weights and their accuracy depend on the selected assessment method. Irrespective of the method applied, the assessment logic is the same: the most important ith indicator will have the greatest weight     ω i    . It is agreed that the sum of weights must be equal to one [56]:


     ∑   i = 1  m   ω i  = 1   



(3)







Table 2 below shows the significance of each criterion.
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Table 2. Weighting factors of criteria and their groups.The analysis of the significance of criteria based on the expert assessment showed that construction time, reduction of direct costs, safety and health of workers are the most important criteria for construction companies, whereas such criteria as a project declared of general interest, local workers during construction, operation and maintenance are least important.
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Code

	
Criteria and Their Groups

	
Weighting Factors by Group

	
Total Weighting Factor






	

	
ENVIRONMENTAL

	
0.315

	




	
    I 6    

	
Energy consumption

	
0.243

	
0.077




	
    I 2    

	
GHG emission

	
0.193

	
0.061




	
    I 1    

	
Water consumption

	
0.170

	
0.053




	
    I 5    

	
Use of renewable energy

	
0.140

	
0.044




	
    I 3    

	
Use of durable materials

	
0.130

	
0.041




	
    I 4    

	
Use of materials with low health risk

	
0.125

	
0.039




	

	
SOCIAL

	
0.283

	




	
    I 8    

	
Safety and health of workers

	
0.382

	
0.108




	
    I 9    

	
Leadership/Knowledge management

	
0.291

	
0.083




	
    I  11     

	
Training of workers

	
0.156

	
0.044




	
    I  10     

	
Local workers during construction, operation and maintenance

	
0.127

	
0.036




	
    I 7    

	
Project declared of general interest

	
0.043

	
0.012




	

	
ECONOMIC

	
0.402

	




	
    I  15     

	
Construction time

	
0.284

	
0.114




	
    I  12     

	
Reduction of direct costs

	
0.282

	
0.113




	
    I  13     

	
Reduction of indirect costs

	
0.247

	
0.099




	
    I  14     

	
Maintenance costs

	
0.188

	
0.075









The next step is normalization, which is necessary as indicators are usually expressed in different units. Possible normalization methods are: minimum-maximum, distance to a reference, and the percentage of annual differences over consecutive years [23]. When applying a distance to a reference method, the normalized value is calculated as the ratio between the indicator and an external benchmark (or target value). The external benchmark can be defined by norms and standards for a specific production sector, local legal regulations or any other relevant documents [23].



It should be noted that we encounter a problem when assessing the sustainability of a new project that the project concerned does not have a tendency. Therefore, a baseline (the simplest reference point) or target value should be used [57]. In our case, we propose to use target values for each indicator. (Every company should set targets for each indicator, for instance, project costs for durable materials should account for at least 20% of all costs allocated to acquire materials. Consequently,     I  t a r      = 20%. Assume the project’s     I 3     = 10%. The normalized value of     I 3     would equal 0.5.).



Normalized indicators are described by Equations (4) and (5):


    I i  =    I i     I  i t a r       



(4)






    I i  =    I  i t a r      I i      



(5)




where:

	
    I i     is the value of ith sustainability indicator;



    I  i t a r      is the target value of ith sustainability indicator;



	
   0 ≤  I i  ≤ 1   .








In the light of their impact on sustainability, the indicators are divided into groups consisting of indicators whose increasing value has a positive impact on sustainability (Equation (4)), or alternatively those whose increasing values have a negative impact (Equation (5)). Normalization equation depends on which group the indicator belongs to (see Table 3).
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Table 3. Type of indicators.
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Code

	
Criteria

	
Indicator

	
Type






	
    I 1    

	
Water consumption

	
    m 3    /Net income

	
min




	
    I 2    

	
GHG emission

	
     C O  2    t /   Net income

	
min




	
    I 3    

	
Use of durable materials

	
Costs for durable materials/Costs for al materials

	
max




	
    I 4    

	
Use of materials with low health risk

	
Costs for materials with low health risk/Costs for all materials

	
max




	
    I 5    

	
Use of renewable energy

	
Renewable energy/All energy

	
max




	
    I 6    

	
Energy consumption

	
GJ/Net income

	
min




	
    I 7    

	
Project declared of general interest

	
Project costs/All costs

	
max




	
    I 8    

	
Safety and health of workers

	
Number of injuries/Total number of employees

	
min




	
    I 9    

	
Leadership/Knowledge management

	
Number of accredited professionals/Total number of employees

	
max




	
    I  10     

	
Local workers during construction, operation and maintenance

	
Number of local workers/Total number of employees

	
max




	
    I  11     

	
Training of workers

	
Yearly training hours/Total number of employee

	
max




	
    I  12     

	
Reduction of direct costs

	
Direct costs/All costs

	
min




	
    I  13     

	
Reduction of indirect costs

	
Indirect costs/All costs

	
min




	
    I  14     

	
Maintenance costs

	
Maintenance costs/All costs

	
min




	
    I  15     

	
Construction time

	
Number of months/Net income

	
min









After normalization, the indicators do not have any dimension, and they range between 0 and 1, with 0 being worst and 1 being best.



The final step is aggregation. At this stage, an aggregate index, called a composite sustainability index of a project is developed. The most common form of aggregation is the summing-up of the weighted and normalized individual indicators. Simple Additive Weighting (SAW) is widely applied because it is transparent, simple to use and easy to understand. Considering this, a composite sustainability index of a project is calculated as:


   C S I P =   ∑   i = 1  m   ω i   I i    



(6)




where:

	
CSIP is a composite sustainability index of a project;



	
    ω i       is the weight of sustainability indicator i;



    I i     is the normalized value of sustainability indicator i;


   0 ≤ C S I P ≤ 1   










   C S I P = 0.053  I 1  + 0.061  I 2  + 0.041  I 3    + 0.039  I 4  + 0.044  I 5  + 0.077  I 6  + 0.012  I 7    + 0.108  I 8  + 0.083  I 9  + 0.036  I  10   + 0.044  I  11   + 0.113  I  12   + 0.099  I  13   + 0.075  I  14   + 0.114  I  15     
















Sustainability indices of projects calculated by using Equation (6) would allow the decision-makers to compare projects and make rational decisions regarding resource allocation in a project portfolio.




6. Integrating a Composite Sustainability Index into Project Portfolio Management


Modern portfolio theory [58] is based on optimization of two criteria, such as return and risk. With the view of obtaining the best portfolio, the decision-maker needs to make some trade-offs among these two criteria, based on his choice. This model proposed by Markowitz [58] does not reflect the complexity and multi-dimensionality of the decision-making process in portfolio selection; therefore, the issue of considering several criteria in the portfolio selection problem is not only a necessity but also a reality [59]. Steur et al. [60] proposed an important modification based on multi-criteria decision-making theory. Instead of relying on a risk and return-oriented decision, they pursue several investment objectives simultaneously. Multi-dimensional optimizations have been applied to various criteria (e.g., portfolio size, transaction costs or aspects of taxation) [61]. The integration of corporate sustainability was proposed by Peylo [62] with a three-dimensional optimization framework. The basic concept of this framework is to control two main financial criteria (portfolio return and risk) together with portfolio sustainability in an integrated approach. Based on this framework, we propose to integrate project sustainability analysis into project portfolio management. We suggest performing not only financial and risk analyses but also sustainability analysis in order to calculate a composite sustainability index of a project when selecting projects to a portfolio and deciding on financial resource allocation in a project portfolio (see Figure 2).
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Figure 2. Sustainability-oriented financial resource allocation in a project portfolio. 
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There are several possible approaches to the integration of sustainability into portfolio theory [62]. One option would be to combine the concept of sustainability and portfolio theory by selecting a set of appropriate projects using sustainability criteria as the first step and applying a portfolio optimization to set up an efficient portfolio as the second step. As a second alternative, the portfolio optimization could be applied first and then a certain degree of sustainability could be added to the portfolio. A third alternative would be to integrate sustainability as an additional criterion into a new three-objective portfolio optimization.



The aim of integrating sustainability analysis into project portfolio management is to allocate financial resources, taking into account not only the project’s return and risk but also its impact on the environment and society. Once, financial, risk and sustainability analyses are performed, it should be decided which criteria (financial or non-financial) are given priority by a decision-maker prior to any allocation of financial resources in a project portfolio. For instance, a simple weighting function (using a weight λ) could be applied that would express preference of a decision-maker [62]. For example, a project portfolio could be constructed taking into account only return and risk (financial portfolio, λ = 1). Furthermore, it could also be constructed taking into account project sustainability rather than just return and risk, by attaching equal weight to financial and sustainability criteria (balanced portfolio, λ = 0.5). Lastly, the best possible sustainable portfolio could also be constructed (λ = 0).




7. Conclusions


The literature analysis revealed that sustainability has only recently been linked to project management, and today there is an increasing understanding of the need to develop methods, tools and techniques to integrate sustainability criteria into project portfolio management.



The literature analysis also showed that, although quite a few scholars understand the necessity to integrate sustainability into project portfolio management and construction project portfolio management in particular, the integration of sustainability and, especially the assessment of project sustainability, remain a complex and open issue.



This pilot research study identified 15 sustainability criteria, comprising four economic, five social and six environmental criteria, which are important for practitioners in the construction industry. Furthermore, the analysis of the significance of criteria revealed that construction companies attach most importance to the economic criteria, followed by the environmental and then social criteria. In order to ensure the reliability of the list of criteria and their weighting factors, further research should be carried out. Sustainable development can be achieved when the overall level of the fulfilment of the needs and objectives of all stakeholders is the highest; therefore, further research will involve the society, sustainability experts and architects as these groups may hold different views because of having different professional experience or representing different interest groups.



This article makes an original contribution by proposing a way to measure the sustainability of a business project in the construction industry. The CSIP provides decision-makers with an easy to interpret instrument to assess the sustainability of a business project. Based on the review of existing literature, this has not been attempted. There are a number of different methods to assess the sustainability of buildings, but not that of a business project in the construction industry.



We have also shown the possibilities of integrating this indicator into project portfolio management. We proposed that not only financial and risk analyses but also sustainability analysis should be performed when selecting projects to a portfolio and deciding on financial resource allocation in a project portfolio. Finally, further research is required to verify how the proposed integration of sustainability into project portfolio management (more specifically, financial resource allocation in a project portfolio) could be implemented in practice.








Supplementary Files

Supplementary File 1



Acknowledgments


We would like to thank the Editor and the anonymous reviewers for the valuable comments and very useful suggestions. We would also like to thank Kristina Šatkuvienė for the English language editing.




Author Contributions


Nomeda Dobrovolskienė designed this study, collected and processed the data. Rima Tamošiūnienė provided some significant advice and checked through the whole paper. The first author wrote the paper and both authors read and approved this version.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Gareis, R.; Heumann, M.; Martinuzzi, A. Relating sustainable development and project management. In Proceedings of the IRNOP IX, Berlin, Germany, 11–13 October 2009.

	



Silvius, A.J.G.; Brink, J.; Köhler, A. Views of Sustainable Project Management; Kähköhnen, K., Samad Kazi, A., Rekola, M., Eds.; IPMA Scientific Research Paper Series; Human Side of Projects in Modern Business: Helsinki, Finland, 2009. [Google Scholar]

	



McKinley, M. Where Is Project Management Running to? In Proceedings of the 22nd World Congress of the International Project Management, Rome, Italy, 9–11 November 2008.

	



Brook, J.W.; Pagnanelli, F. Integrating sustainability into innovation project portfolio management—A strategic perspective. J. Eng. Technol. Manag. 2014, 46, 46–62. [Google Scholar] [CrossRef]

	



Daneshpour, H. Integrating Sustainability into Management of Project. Int. J. Environ. Sci. Dev. 2015, 6, 321–325. [Google Scholar] [CrossRef]

	



Ebbesen, J.B.; Hope, A.J. Re-imagining the Iron Triangle: Embedding Sustainability into Project Constrains. PM World J. 2013, 2, 1–13. [Google Scholar]

	



Martens, M.L.; de Carvalho, M.M. An exploratory study of sustainability evaluation in Project management. Prod. Manag. Dev. 2013, 11, 111–117. [Google Scholar] [CrossRef][Green Version]

	



Sanchez, G.F.; Lopez, F.R. A methodology to identify sustainability indicators in construction project management—Application to infrastructure projects in Spain. Ecol. Indic. 2010, 10, 1193–1201. [Google Scholar] [CrossRef]

	



Silvius, G.; Schipper, R. Sustainability in Project Management Competencies: Analyzing the Competence Gap of Project Managers. J. Human Resour. Sustain. Stud. 2014, 2, 40–58. [Google Scholar] [CrossRef]

	



Tufinio, S.P.; Mooi, H.; Ravestijn, W.; Bakker, H.; Boorsma, M. Sustainability in project management: Where are we? Int. J. Eng. 2013, 14, 91–100. [Google Scholar]

	



Silvius, A.J.G.; Tharp, J. Sustainability Integration for Effective Project Management; IGI Global Publishing: Hershey, PA, USA, 2013. [Google Scholar]

	



Silvius, A.J.G.; Schipper, R. Sustainability in the Business Case. In Proceedings of the 26th IPMA World Congress, Crete, Greece, 29–31 October 2012.

	



Böhringer, C.; Jochem, P. Measuring the immeasurable: A survey of sustainability indices. Ecol. Econ. 2007, 63, 1–8. [Google Scholar] [CrossRef]

	



Chen, Y.; Okudan, G.E.; Riley, D.R. Sustainable performance criteria for construction method selection in concrete buildings. Autom. Constr. 2010, 19, 235–244. [Google Scholar] [CrossRef]

	



Kemmler, A.; Spreng, D. Energy indicators for tracking sustainability in developing countries. Energy Policy 2006, 35, 2466–2480. [Google Scholar] [CrossRef]

	



Kocmanova, A.; Dočekalova, M. Construction of the economic indicators of performance in relation to the environmental, social and corporate governance (ESG) factors. Acta Univ. Agric. Silvic. Mendelianae Brun. 2012, 4, 195–206. [Google Scholar] [CrossRef]

	



Kocmanova, A.; Šimberova, I. Multidimensional Modelling of Social Performance Indicators in Processing Industry Companies in the Czech Republic. Int. J. Math. Model. Meth. Appl. Sci. 2013, 5, 500–507. [Google Scholar]

	



Manzini, F.; Islas, J.; Macias, P. Model for evaluating the environmental sustainability of energy projects. Technol. Forecast. Soc. Chang. 2011, 78, 931–944. [Google Scholar] [CrossRef]

	



Ness, B.; Urbel-Piirsalu, E.; Anderberg, S.; Olsson, L. Categorising tools for sustainability assessment. Ecol. Econ. 2007, 60, 498–508. [Google Scholar] [CrossRef]

	



O’Ryan, R.; Pereira, M. Participatory indicators of sustainability for the salmon industry: The case of Chile. Mar. Policy 2015, 51, 322–330. [Google Scholar] [CrossRef]

	



Singh, R.K.; Murty, H.R.; Gupta, S.K.; Dikshit, A.K. An overview of sustainability assessment methodologies. Ecol. Indic. 2012, 15, 281–299. [Google Scholar] [CrossRef]

	



Singh, R.K.; Murty, H.R.; Gupta, S.K.; Dikshit, A.K. Development of composite sustainability performance index for steel industry. Ecol. Indic. 2007, 7, 565–588. [Google Scholar] [CrossRef]

	



Zhou, L.; Tokos, H.; Krajnc, D.; Yang, Y. Sustainability performance evaluation in industry by composite sustainability index. Clean Technol. Environ. Policy 2012, 14, 789–803. [Google Scholar] [CrossRef]

	



Gutierrez, M. Applying PRiSM Methodology in the Canadian Construction Sector. PM World J. 2014, 3, 1–10. [Google Scholar]

	



Association for Project Management. APM Supports Sustainability Outlooks; APM: New York, NY, USA, 2006. [Google Scholar]

	



Labuschagne, C.; Brent, A.C. Sustainable project life cycles in the manufacturing sector. Int. J. Proj. Manag. 2005, 23, 159–168. [Google Scholar] [CrossRef]

	



American Council of Engineering Companies. Sustainable Project Management for Facilities and Infrastructure Systems. Available online: http://www.cpe.vt.edu/proman/ (accessed on 18 March 2015).

	



Edum-Fotwe, F.; Price, A. A social ontology for appraising sustainability of construction projects and developments. Int. J. Proj. Manag. 2009, 27, 313–322. [Google Scholar] [CrossRef]

	



Silvius, G.; Schipper, R. A maturity model for integrating sustainability in projects and project management. In Proceedings of the 24th World Congress of the International Project Management Association, Istanbul, Turkey, 1–3 November 2010.

	



Oehlmann, I. The Sustainable Footprint Methodology; Lambert Academic Publishing: Cologne, Germany, 2011. [Google Scholar]

	



Vandaele, N.; Decoutterre, C. Sustainable R&D portfolio assessment. Dec. Support Syst. 2013, 54, 1521–1532. [Google Scholar]

	



Sanchez, M.A. Integrating sustainability issues into project management. J. Clean. Prod. 2014, 96, 1–12. [Google Scholar] [CrossRef]

	



Khalili-Damghani, K.; Tavana, M. A comprehensive framework for sustainable project portfolio selection based on structural equation modelling. Proj. Manag. J. 2014, 45, 83–97. [Google Scholar] [CrossRef]

	



Global Precipitation Measurement (GPM) Global. The GPM Global P5 Standard for Sustainability in Project Management; GPM Global: Detroit, MI, USA, 2014; pp. 1–29. [Google Scholar]

	



Kibert, C.J. Sustainable Construction Green Buildings Design Delivery; John Willey & Sons: Hoboken, NJ, USA, 2005. [Google Scholar]

	



Kildienė, S. Tvarios Statybos Technologijų Plėtros Daugiapakopis Vertinimas. Ph.D. Thesis, Vilnius Gediminas Technical University (VGTU), Vilnius, Lithuania, 2014. [Google Scholar]

	



Siew, R.Y.J. Integrating Sustainability into Construction Project Portfolio Management. KSCE J. Civ. Eng. 2015. [Google Scholar] [CrossRef]

	



Tong, T.K.L.; Tam, C.M.; Chan, A.P.C. Genetic algorithm optimization in building portfolio management. Constr. Manag. Econ. 2001, 19, 601–609. [Google Scholar] [CrossRef]

	



Hernandez, C.; Pajares, J.; Lopez-Paredes, A. A portfolio inspired metric for project selection in construction management, organization. Technol. Manag. Constr. 2011, 3, 264–268. [Google Scholar]

	



Guo, N.; Yu, S.W. The necessity of project portfolio management in the construction industry of China Mainland. Appl. Mech. Mater. 2013, 357–360, 2238–2241. [Google Scholar] [CrossRef]

	



Al-Kilidar, H.; Davis, S.; Kutay, C.; Killen, C. Towards Project Portfolio Management for Sustainable Outcomes in the Construction Industry. In Proceedings of the 8th Project Management Australia Conference, Sydney, Australia, 2–5 August 2011.

	



European Commission. Komisijos komunikatas, 2020 M. Europa, Pažangaus, tvaraus ir integracinio augimo strategija. European Commission: Brussels, Belgium, 2010. (In Lithuanian) [Google Scholar]

	



Nardo, M.; Saisana, M.; Saltelli, A.; Tarantola, S.; Hoffman, A.; Giovannini, E. Handbook on Constructing Composite Indicators: Methodology and User Guide; Organisation for Economic Co-operation and Development (OECD) Publishing: Paris, France, 2008. [Google Scholar]

	



Hatefi, S.M.; Torabi, S.A. A common weight MCDA-DEA approach to construct composite indicators. Ecol. Econ. 2010, 70, 114–120. [Google Scholar] [CrossRef]

	



Cherchye, L. An Introduction to “benefit of the doubt” composite indicators. Soc. Indic. Res. 2007, 82, 111–145. [Google Scholar] [CrossRef]

	



Ugwu, O.O.; Haupt, T.C. Key performance indicators and assessment methods for infrastructure sustainability—A South African construction industry perspective. Build. Environ. 2007, 42, 665–680. [Google Scholar] [CrossRef]

	



Ding, G.K.C. Sustainable construction—The role of environmental assessment tools. J. Environ. Manag. 2008, 86, 451–464. [Google Scholar] [CrossRef] [PubMed]

	



Presley, A.; Meade, L. Benchmarking for sustainability: An application to the sustainable construction industry. Benchmark. Int. J. 2010, 17, 435–451. [Google Scholar] [CrossRef]

	



Siew, R.Y.J. A review of sustainability reporting tools (SRT’s) for Communities. Int. J. Sustain. Constr. Eng. Technol. 2014, 5, 2180–3242. [Google Scholar]

	



Siew, R.Y.J.; Balatbat, M.C.A.; Carmichael, D.G. A review of buildings/infrastructure Sustainability Reporting Tools (SRT’s). Smart Sustain. Built Environ. 2013, 2, 106–139. [Google Scholar] [CrossRef]

	



The International Organization for Standardization. ISO/TR 21932:2013, Sustainability in Buildings and Civil Engineering Work—A Review of Terminology; The International Organization for Standardization: Geneva, Switzerland, 2013. [Google Scholar]

	



Keeney, S.; Hasson, F.; McKenna, H. Consulting the oracle: 10 lessons from using Delphi technique in nursing research. J. Adv. Nurs. 2006, 53, 205–212. [Google Scholar] [CrossRef] [PubMed]

	



Van Cauwenbergh, N.; Biala, K.; Bielders, C.; Brouckaert, V.; Franchois, L.; Garcia Cidad, V.; Hermy, M.; Mathijs, E.; Muys, B.; Reijnders, J.; et al. SAFE—A hierarchical framework for assessing the sustainability of agricultural systems. Agric. Ecosyst. Environ. 2007, 120, 229–242. [Google Scholar] [CrossRef]

	



Podvezko, V. Sudėtingų dydžių kompleksinis vertinimas. Verslas: teorija ir praktika 2008, 9, 160–168. (In Lithuanian) [Google Scholar] [CrossRef]

	



Ginevičius, R.; Podvezko, V. Daugiakriterinio vertinimo būdų suderinamumas. Verslas: Teorija ir praktika 2008, 9, 73–80. (In Lithuanian) [Google Scholar]

	



Podvezko, V.; Podvezko, A. Kriterijų reikšmingumo nustatymo metodai. Lietuvos Matematikos Rinkinys 2014, 55, 111–116. (In Lithuanian) [Google Scholar]

	



Moldan, B.; Janouškova, S.; Hak, T. How to understand and measure environmental sustainability: Indicators and targets. Ecol. Indic. 2012, 17, 4–13. [Google Scholar] [CrossRef]

	



Markowitz, H.M. Portfolio selection. J. Financ. 1952, 7, 77–91. [Google Scholar] [CrossRef]

	



Aouni, B.; Colapinto, C.; La Torre, D. Financial portfolio management through the goal programming model: Current state-of-the-art. Eur. J. Oper. Res. 2014, 234, 536–545. [Google Scholar] [CrossRef]

	



Steur, R.E.; Qi, Y.; Hirschberger, M. Portfolio Selection in the Presence of Multiple Criteria, Handbook of Financial Engineering; Springer: New York, NY, USA, 2008; pp. 3–24. [Google Scholar]

	



Peylo, B.T.; Schaltegger, S. An equation with many variables: Unhiding the relationship between sustainability and investment performance. J. Sustain. Financ. Investig. 2014, 4, 110–126. [Google Scholar] [CrossRef]

	



Peylo, B.T. A Synthesis of Modern Portfolio Theory and Sustainable Investment. J. Investig. 2012, 21, 33–46. [Google Scholar]





© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons by Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).







media/file4.png
PROJECT PORTFOLIO MANAGEMENT

PROJECT  PROJECT ... PROJECT  PROJECT

1 2 n-1 n
FINANCIAL RISK SUSTAINABILITY
ANALYSIS ANALYSIS ANALYSIS
PROJECT PROJECT S PROJECT PROJECT
1 2 m-1 m m<=n
PROJECT PORTFOLIO

L L

FINANCIAL RESOURCES





nav.xhtml


  sustainability-08-00014


  
    		
      sustainability-08-00014
    


  




  





media/file3.png
PROJECT PORTFOLIO MANAGEMENT

PROJECT PROJECT PROJECT PROJECT
1 2 n- n
FINANCIAL RISK SUSTAINABILITY
ANALYSIS ANALYSIS ANALYSIS

4 ¥ \ 4 \ 4

PROJECT PROJECT PROJECT PROJECT
1 2 m-1 m

PROJECT PORTFOLIO

4 4

FINANCIAL RESOURCES

m<=n





media/file0.png
IDENTIFICATION & SELECTION OF
CRITERIA AND INDICATORS

GROUPING OF INDICATORS INTO
SOCIAL, ENVIRONMENTAL AND
ECONOMIC GROUPS

1 ST. PRIORITIZATION OF INDICATORS

FINALIZE KEY INDICATORS USING
CUTOFF VALUE

|2 ND. PRIORITIZATION OF INDICATORS

WEIGHTENING OF INDICATORS

NORMALIZATION OF INDICATORS

AGGREGATION OF INDICATORS

COMPOSITE SUSTAINABILITY INDEX
OF A PROJECT






media/file1.png
IDENTIFICATION & SELECTION OF
CRITERIA AND INDICATORS

GROUPING OF INDICATORS INTO
SOCIAL, ENVIRONMENTAL AND
ECONOMIC GROUPS

1 5T. PRIORITIZATION OF INDICATORS

FINALIZE KEY INDICATORS USING
CUTOFF VALUE

2 ND. PRIORITIZATION OF INDICATORS

WEIGHTENING OF INDICATORS

NORMALIZATION OF INDICATORS

AGGREGATION OF INDICATORS

COMPOSITE SUSTAINABILITY INDEX
OF A PROJECT






