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Abstract

Lately, the concept of sustainability has been brought to investment project selection
problems. In past years investors are facing fierce competition and strong global and
governmental pressure to incorporate sustainability considerations into their project
decision-making process. Investment project selection as one of the most important and
largest sector with crucial importance to the economic development, having a huge impact
on environment and society, needs to be taken into sustainable considerations. Taking that
into account, this study undertakes investigation of new framework that integrates
qualitative sustainability pillars into quantitative ones through significant criteria building,
for sustainable project selection aims. In order to maintain competitive advantage,
investors can employ proposed framework in their project selection practices, while
enhancing sustainability concerns.

Keywords: Sustainability framework, environment, Integrated assessment, Project
selection.

1. Introduction: Sustainable development has become strategic implementation of goal
among nations worldwide. Over the last decades there have been considerable amount of
research of project management aiming to set up an optimization model on how to boost the
profit and increase investment returns. Since the Agenda 21 appeared at the 1992 Earth
Summit, the need for applying sustainability in project management activities arose.
Accordingly, new targets for the investment project selection as cost, profit along with
sustainability implications should be addressed in conventional project selection approaches
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are. Hereby, it is necessary to develop new tools and optimization model that will take into
account sustainability concerns of the project besides cost and profit.

Sustainability is defined by World Commission on Environment and Development as a
development that meets the needs of the present without compromising the ability of future
generations in order to meet their own needs (Mebratu, 1998).

In the past decade, sustainable development has gained lots of researchers’ attention.
Since the concept of sustainable development arose, countless sustainability indicator sets
have appeared especially in construction project. Specifically, in 1994 the concept of
sustainable construction appeared at a tactical level in the building sector and in civil
engineering (Fernandez-Sanchez & Rodriguez-Lopez, 2010). Finally, the term “sustainable
construction” has been captured exclusively on material selection, building, but gradually,
sustainability targets have been introduced into investment of road construction with respect
of cost maintenance. However, with threatening awareness on global warming challenges,
sustainability concerns expanded to project selection practices (Kaveh et al., 2012).

This study has proposes the new framework for managing the projects in sustainable
ways with the focus, especially, on the environmental aspects simultaneously with regards
to cost of investment project. The initial purpose of the study is to propose quantitative
approach in sustainable project selection practices. Based on literature review, sustainability
covers three main aspects: environment, society and economy. Regarding to this we try to
identify and analyze how road construction projects influence environment, society and
economy. Hereby, the secondary aim of the research is based on the analyses of several
road construction projects to build a framework for sustainable project management with
regards to cost and emission levels and sustainability assessment. We expect the proposed
framework serve as a tool or guideline that investors can use for launching new construction
projects with reasonable cost on the other hand with long term future sustainability.

2. Traditional Project Selection: Project selection is a complex decision making process
evolving multiple and often inconsistent objectives to be considered while choosing a subset
from extensive number of projects. Conventionally project selection problem have been
concerned with selecting a suitable combination of projects from candidates so that the
company can obtain maximum profit. A major contribution to the theoretical formulation of
the problem was made by Weingartner (1962). Weingartner employed net present value
method and suggested a model with the maximization of the total net present value of the
projects as the purpose and the investment outlays at every investment period not exceeding
the capital resources as the constraints. After Weingartner, many scholars such as Padberg
& Wilczak (1999), Liu & Wang (2011), Xiao et al. (2013), etc, extended the model to
increase its relevance and applicability to the real world situation.

Keown and Martin (1977), Keown and Taylor (1980), proposed chance-constrained
programming methods with random inflows and outlays to perform project selection
decision. Medaglia et al. (2007;2008), presented a new evolutionary method for solving
project selection problems with linearly constraints, later on investigated simultaneous
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selection and scheduling of project portfolios. Moreover, Shakhsi-Niaei et al. (2011),
employed Monte Carlo simulation to analyze two-phase framework under randomness
subject to real world constrains for project selection problem. As proven, probability theory
helps to achieve favorable outcome on probability distributions, once there is sufficient
historical data.

With the increase of uncertainty events on decision making stages, in order to take
uncertainty into account, researchers came up with chance-constrained programming
models for project selection and capital budgeting with stochastic parameters appeared in
field of project selection (Huang 2007;2016). Unfortunately, project selection is subject to
many sources of uncertainty besides random uncertainty and fuzzy uncertainty. In the same
scope, Huang (2010) first employed uncertainty theory to propose a theory on uncertain
portfolio selection. Zhang et al. (2011) first applied uncertainty theory in solving
multinational project selection problem. Followed by, Huang et al. (2012) discussed
implication of risk index on multi-period portfolio selection, and simultaneous project
selection and scheduling with investment uncertainty.

With the increase of environmental concerns in every sphere of development, project
selection practices spread to sustainability incorporations in decision processes. Hereinafter,
in line to the aforementioned, sustainability development frameworks been established by
scholars, where highly pointed out the need for a practical framework that handles both the
financial and also external factors (Lafferty and Hovden, 2003). Relatively, literature
emphasized the need for an integrative approach that incorporates sustainability measures
simultaneously with financial and economic dimensions in project decision-making stages
in an organization and society (Steurer and Martinuzzi, 2005). Furthermore, Kaveh et al,
(2013) developed a new approach in sustainable project selection decision-making and
assessed the fitness of investment while considering economic, social and environmental
criteria. With regards to the aforementioned development, the research framework that
incorporates sustainability measures while balancing financial and economic interests in
projects selection practices will be a valuable addition to the literature that emphasizes
sustainable growth and society.

3. Concepts and Sustainability Dimensions: The concept of sustainability and studies on
sustainable development emerged since growing awareness and incorporation of
environmental crisis that gained momentum towards the end of the twentieth century.
Further, the environmental concerns raised in international conferences, led to
internationalization of the sustainability concept and its development (Du-Pisani, 2006). In
the United Nations Conference on the Human Environment, 1972, the term sustainability
was introduces with several principles. However, sustainability principles became widely
renown through the Bruntland Commission Report of 1987 (Du-Pisani, 2006; Gibson, 2006;
Keiner, 2005). Accordingly, the report urged the need for ‘sustainable development’ while
balancing economic growth with environment soundness. The three fundamental
components of sustainability, i.e. environment, economy and society (Fig.1l.), were
presented by the report and further evolved as the ‘triple bottom line’ (Keiner, 2005).
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Fig.1. Sustainability triangle model (Keiner, 2005).

Recent literature on sustainability studies is widely undertaken through construction of
assessment frameworks, further developing sustainability dimensions. Various dimension
on sustainability served as a starting point of this literature studies (Keiner, 2005; Du-
Pisani, 2006; Gipson, 2006; Omann, 2004). According to these studies, sustainability
dimensions include four main prime pillars as social, economic, environmental and
institutional, which are envisioned in sustainability prism (Fig.2.). These dimensions were
considered as a methodological guide to evolve and develop comprehensive sustainability
assessment framework. Relatively, the economic dimension ensures competitiveness,
emphasizing the production, exchange and usage of goods and services and expresses
market relations and its sustainability, whereas the environmental dimension emphasizes the
preservation of natural systems through reduction of material throughput and mitigating
impacts of usage of energy, material and land. This forms the basis of all economic
activities and is considered as a base for deter- mining environmental sustainability At last,
social dimension emphasizes increasing social awareness in terms of equity in income,
employment, access to resources, infrastructure and social security, (such as health and
pension provision) (Omann, 2004). The institutional dimension as Omann (2004) states is
often included in the social dimension and might not find explicit reason to mention.
However, there is a slight difference between them, which would explain why the
institutional dimension has emerged as a separate component in this sustainability prism.
The social dimension represents individual aspects, whereas the institutional dimension
comprises interpersonal processes or group interactions. Omann, (2004) agrees that if
included within the social dimension, there is a danger that these aspects might be
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neglected.
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Fig.2. The sustainability prism (Keiner, 2005)

The incorporation of the four dimensions of the sustainability prism simplifies to some
extents the evaluation of different sector participants in management practices. The social,
economic, environmental and institutional dimensions enable the formulation of a
comprehensive sustainability assessment framework to evaluate project efficiency, estimate
waste management services by reducing the level of complexity and enabling greater clarity
while generating in-depth understanding of the impacts (Kiran et al., 2016).

Recent literature on sustainability studies is widely undertaken through construction of
assessment frameworks, further developing sustainability dimensions. Various dimension
on sustainability served as a starting point of this literature studies (Keiner, 2005; Du-
Pisani, 2006; Gipson, 2006; Omann, 2004). According to these studies, sustainability
dimensions include four main prime pillars as social, economic, environmental and
institutional, which are envisioned in sustainability prism. These dimensions were
considered as a methodological guide to evolve and develop comprehensive sustainability
assessment framework. Relatively, the economic dimension ensures competitiveness,
emphasizing the production, exchange and usage of goods and services and expresses
market relations and its sustainability, whereas the environmental dimension emphasizes the
preservation of natural systems through reduction of material throughput and mitigating
impacts of usage of energy, material and land. This forms the basis of all economic
activities and is considered as a base for deter- mining environmental sustainability At last,
social dimension emphasizes increasing social awareness in terms of equity in income,
employment, access to resources, infrastructure and social security, (such as health and
pension provision) (Omann, 2004).
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The institutional dimension as Omann (2004) states is often included in the social
dimension and might not find explicit reason to mention. However, there is a slight
difference between them, which would explain why the institutional dimension has emerged
as a separate component in this sustainability prism. The social dimension represents
individual aspects, whereas the institutional dimension comprises interpersonal processes or
group interactions. Omann, (2004) agrees that if included within the social dimension, there
is a danger that these aspects might be neglected. The incorporation of the four dimensions
of the sustainability prism incorporations simplify to some extents the evaluation of
different sector participants in management practices. The social, economic, environmental
and institutional dimensions enable the formulation of a comprehensive sustainability
assessment framework to evaluate project efficiency, estimate waste management services
by reducing the level of complexity and enabling greater clarity while generating in-depth
understanding of the impacts (Kiran et al., 2016).

4. Constructing Sustainability Measurement Model for Project Selection: Recent
assessment frameworks in involving broaden fields of project management seek to provide
decision makers with an impact of evaluation in order to adjust in determining precise
aspects to be considered in mowing towards the goal of sustainability. According to
researches (Omann, 2004), sustainability can be determined only ‘after the fact’, i.e. with
ex-post evaluation. Relatively, United Nations Conference on Sustainable Development
significantly emphasizes on sustainability assessments to advance the principles of
sustainable development (UNCSD, 2012). Sustainability of a policy or programme can be
evaluated and analyzed through the three dimensions as described in previous sections
(Fig.1). However, within these dimensions there is a need provide quantitative approaches
to devise clear criteria and indicators that can be used to measure the variables to be
analyzed. The European Commission (1999, p. 3) emphasizes that ex-post evaluation
should focus on the results and impacts of projects and in order to do that, appropriate
criteria and indicators should be established. Later on, indicators are increasingly being
recognized as useful tools towards criteria analysis and for designing policy frameworks
(Singh et al., 2009). Godfrey and Todd (2001), state as “the main feature of indicators is
their capability to summarize, focus and condense the tremendous complexity of our
dynamic environment to a manageable approach of meaningful information.” By
visualizing phenomena and highlighting trends through assessment frameworks, indicators
simplify and help in the analysis of complex and complicated information (Warhurst 2002).
In summary, assessment framework indicators summarize information to reflect the state of
a sustainability phenomenon and support the evaluation of this state (Omann 2004). As can
be inferred, the choice of criteria and indicators are significant in making an assessment of
sustainability in terms of emerged sustainability dimensions.

After precisely reviewing literature we found out, besides an increasing research on
sustainability practices, there is a need for value driven modeling approaches that enables
evaluation and selection of sustainable projects with regards to cost and environmental
control. Taking that into account, we argue that by analyzing two pillars of the general
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sustainability model, the value of the third pillar will be identified respectively. For
example, by incorporating economic and environmental factors of the referred institution,
the social value as of the consequences of the project operation can be identified. The
precise incorporation of sustainability model pillars for aiming value estimations of social
dimension of sustainability is presented in equation below (Equation 1):

Z Economic Dimension Value (ECDV)

Social Dimention Value (SDV) = - (1)

Z Environmental Dimension Value (EnDV)

m L -

In order to fill out sustainability gap on quantitative measurement of the environmental
criteria (Omann, 2004), qualitative dimension of sustainability as economic and
environmental can be expanded along with the incorporation of project evaluation criteria
(Equation 2).

ZProjects Net  Income

( Economic Dimension Value (ECDV) )
Sustainable Project Selection Problem(SPSP) = - (2)
ZAnticipated Sustainability Cost

( Environmental Dimension Value (EnDV) )

Economic and environmental dimensions involve multi dimensional criteria, wherein
specific techniques as multi-criteria decision making approaches can be used to draw
qualitative outcomes (Joe, 1999). However, for the sake of obtaining quantitative outcomes,
in a specific project management decision stage, the most important criteria for project
valuations as cost and profit can be incorporated for sustainable decision-making. If we
consider economic conditions as profit and environmental conditions as expenses, then the
outcome from the difference between them is positive or negative trade-off for the
sustainability to restore and ensure wellbeing of society in the future.

5. Sustainability Assessment Framework for Project Selection: In line with
the literature gap on quantitative sustainability measurement approach, new framework that
integrates qualitative criteria with quantitative ones for better decision-making is crucial.
Taking that into account, the comprehensive sustainability assessment framework was
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brought to its final form after identifying important quantitative criteria on decision stages
for project selection (Fig.3). As a primary goal of this study, through evaluating economic
dimension research seeks to enhance environmental and social dimension of sustainability.
Hence, proposed modeling idea (i.e. equation 1, 2) integrating economic and environmental
dimension is the leading point to enhance social criteria and wellbeing of future generations.
Moreover, to fill the literature gap, through triggering economic dimension this study is the
first to incorporate sustainability concerns in project selection practices.

Sustainable
Project Selection
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Trade-offs ™\
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Investment Return egative! Investment Outlay
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Fig.3. Quantitative Sustainability Assessment Framework

In real world, decision maker while selecting a project from a set of projects may
encounter sustainability with different aspects simultaneously as the consequences of the
selected project affect environment and society that is why this study is undertaken to bring
balance for some extends between profit and sustainability in project selection practices.

6. Conclusion: For the support of the enhancement of environmental concerns in
investment field, this study has proposed the new framework and integrated model for
selecting sustainably - adjusted projects. The central focus is forwarded especially on
the environmental aspects simultaneously with regards to cost of investment project.
As a result, in order to ensure growth and expand investment horizon to most demanded
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areas, investors need to undertake sustainability concerns into investment project proposals.
From this perspective, novel optimization model on SPSP will add a significant value to the
literature through enhancement of environmental concerns, simultaneously maintaining
investors’ competitive advantage. Finally, incorporation of sustainability cost in
traditional project selection practices maintains net present value maximization
objectives while enhancing environmental concerns to ensure sustainable growth of
future investments.

Acknowledgements: This work was supported by National Social Science Foundation of
China No. 17BGL052.

References:

1. Dickinson, M.W., Thornton., A.CGraves.,2001. Technology portfolio management:
Opimizing interdependent projects over multiple time periods, IEEE Trans. Eng.
Manag. 48, 518-527.

2. Ferndndez-Sanchez, G., & Rodriguez-Lopez, F. 2010. A methodology to identify
sustainability indicators in construction project management—Application to
infrastructure projects in Spain. Ecological Indicators, 10(6), 1193-1201

3. Du-Pisani, J.2006. Sustainable development historical roots of the concept.
Environment Sciences, 3, 83-92.

4. Du-Pisani, J. 2006. Sustainable development historical roots of the concept.
Environment Sciences, 3, 83-92.

5. European Commission.1999. Guidelines for ex-post evaluation of measures under
Regulation 951/97. Available at: http://ec.europa.eu/agriculture/eval/expost. pdf.

6. Gibson, RB. 2006. Beyond the pillars: Sustainability assessment as a framework for
effective integration of social, economic and ecological considerations in  significant
decision-making. Journal of Environmental-Assessment Policy and Management, 08
(03), 259-280. Godfrey, L, C Todd. 2001. Defining thresholds for

7. freshwater sustainability indicators within the context of South African water
resource management. In 2nd WARFA/ Waternet Symp.: Integrated Water Resource
Management: Theory, Practice, Cases, Cape Town, South Africa, pp. 42-50.
Available at http://www.the-eis.com/data/literature/ CONFBOOK . pdf

8. Kiran, S., Paul, B., Aysin, D.H., 2016. A Comprehensive Sustainability Assessment
Framework for Ex-Post Evaluation of Private Sector Participation in Municipal Solid
Waste Management. Journal of Environmental Assessment Policy and Management.
18, 1-27.

9. Kaveh Kh.D, Soheil, S.N., Farhad, H.L. 2012. A hybrid d fuzzy rule-based multi-
criteria framework for sustainable project portfolio selection. Information  Sciences.
220, 442-462.

10. Keown, A.J., Martin, J.D., 1977. A chance constrained goal programming model for
Working capital management, Eng. Econ. 22, 153-174.

Volume-1V, Issue-V March 2018 94



http://ec.europa.eu/agriculture/eval/expost

A Comprehensive Framework... Shamsiya Kudratova, Xiaoxia Huang & Shohrukh Qudratov

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

217.

28.

. Keown, AJ.,.Taylor, B.W., 1980. Achance-constrained integer goal programming
model For capital budgeting in the production area,J.Oper.Res.Soc.31, 579-589.

Liu, S.S., Wang, C.J.,2011. Optimizing project selection and scheduling problems
with time dependent resource constraints, Autom. Constr. 20, 1110-11109.

Mebratu, D.1998. Sustainability and sustainable development: historical and
conceptual review. Environmental impact assessment review, 18(6), 493-520.
Medaglia, A.L., Graves, S.B. , Ringuest, J.L., 2007. A multi objective evolutionary
approach  for linearly constrained project selection under uncertainty,
Eur.J.Oper.Res.179, 869-894.

Medaglia, A.L., Hueth, D., Mendieta, J.C., Sefair, J.A., 2008. A multi objective model
for the selection and timing of public enterprise projects. Soc.Econ. Sched. Sci.42,
31-45.

Padberg, M.M.,.Wilczak, M.J, 1999. Optimal project selection when borrowing and
lending rates differ, Math.Comput.Model. 29, 63-78.

Shakhsi-Niaei, M., Torabi, S.A., Iranmanesh, S.H., 2011. A comprehensive
framework for project selection problem under uncertainty and real-world constraints,
Comput. Ind.Eng.61, 226-237.

Steurer, R., Martinuzzi, A., 2005. Towards a new pattern of strategy formation in the
public sector: first experiences with national strategies for sustainable development in
Europe. Environment and Planning C: Government and Policy 23, 455-72.

Singh, RK, HR Murty, SK Gupta and AK Dikshit, 2009. An overview of
sustainability assessment methodologies. Ecological Indicators. 9(2), 189-212. DOI:
10.1016/j. ecolind.2008.05.011.

Weingartner, H.M.,1963. Mathematical Programming and the Analysis of Capital
Budgeting Problems, Englewood Press,Prentice-Hall.

Xiao, J., Tang, Y., 2013. Solving software project scheduling problems with ant
colony

optimization, Comput.Oper.Res. 40, 33-46.

Huang, X., (2007). Chance-constrained programming models for capital budgeting
with NPV as fuzzy parameters. J. Comput. Appl. Math. 198, 149-159.

Huang,X., 2010. Portfolio Analysis: From Probabilistic to Credibilistic and Uncertain
Approaches, Springer-Verlag, Berlin. (Chapter4).

Huang, X., Qiao, L., 2012. A risk index model for multi-period uncertain portfolio
selection. Inf. Sci. 217, 108-116.

Kaveh, Kh., Soheil, S.N., 2013. A hybrid fuzzy multiple criteria group decision
making approach for sustainable project selection. Applied Soft Computing 13, 339-
352.

Joe, R., 1999. Integrated assessment for sustainability appraisal in cities and regions
Environmental Impact Assessment Review. 20, 31-64

Keiner, M. History, definition(s) and models of sustainable development. Available
at: http://e-collection.library.ethz.ch/eserv/eth:27943/eth-27943-01.pdf

Volume-1V, Issue-V March 2018 95



A Comprehensive Framework... Shamsiya Kudratova, Xiaoxia Huang & Shohrukh Qudratov

29. Lafferty, W.M., Hovden, E., 2003. Environmental policy integration: towards an
analytical framework. Environmental Politics 12, 1-22.

30. Omann, EVI 2004. Multi-criteria decision aid as an approach for sustainable
development analysis and implementation. Doctoral dissertation, Karl-Franzens
University Graz, Austria. Available at:
seri.at/wp.../Omann_2004_SustainableDevelopment-and- MCDA_PhD.pdf

31. UNCSD 2012. Report of the United Nations Conference on Sustainable Development.

Report No. A/CONF.216/16, UN, Rio De Jenerio, Brazil, 20-22 June 2012. Available

at:

32.
http://www.uncsd2012.org/content/documents/814UNCSD%20REPORT%20final%
20revs.pdf

33. Xiaoxia Huang, Tianyi Zhao 2016. “Project selection and adjustment based on
uncertain measure” Information Sciences 352-353, 1-14

34. Zhang, Q., Huang, X ., Tang, L., 2011. Optimal Multinational Capital Budgeting
under Uncertainty, Comput. Math. Appl. 62, 4557-4567.

35. Warhurst, A, 2002. Sustainability indicators and sustainability performance
management. Report No. 43, Report to the Project: Mining, Minerals and Sustainable
Development (MMSD), International Institute for Environment and Development
(IED), Warwick, England. Available at: http://www.iied.org/mmsd/mmsd
pdfs/sustainability indicators. pdf

Volume-1V, Issue-V March 2018 96


http://www.uncsd2012.org/content/documents/814UNCSD%20REPORT%20final%25
http://www.sciencedirect.com/science/journal/00200255

