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Abstract 

Sustainability practices impact on the competitiveness of organizations. Enterprises need 

approaches that both support the implementation of these practices by helping to define the 

strategic elements of sustainable supply chains and prioritize projects to increase profitability. 

The purpose of this paper is to propose an approach using the Analytic Hierarchy Process that 

supports the portfolio project decision by aligning the project selection process to the strategic 

objectives of a supply chain that pursue sustainability. This approach will benefit enterprises to 

prioritize projects that have the highest impact on the sustainability strategy of the supply chain 

over time. The approach has been applied to an Agri-food supply chain. 
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1. Introduction 

Project portfolio selection is a strategic activity consisting of prioritizing projects to be imple-

mented within an organization according to their alignment with the strategy, considering the 

limited resources of organizations. Portfolio selection is a process where organizations select 

the most relevant projects in order to provide alignment between project implementation and 

strategy completion in order to increase the impact on their competitiveness.  

As regards strategy completion, Performance Management Systems (PMSs) are approaches 

to support the development and deployment of the strategy of organizations from the top level 

(strategic) to the bottom level (operational). Since the development of the best known PMS for 

organizations, the Balanced ScoreCard (BSC) by Kaplan and Norton (1992), other PMSs have 

been defined for supply chain contexts. Some of these extended BSCs for supply chains are: 

Brewer and Speh (2000), Bititci et al. (2005), Folan and Browne (2005), Alfaro et al. (2007), 

Alfaro et al. (2010), Verdecho et al. (2012), Verdecho et al. (2020), etc. The elements that 
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compose a BSC are objectives, key performance indicators, initiatives, etc. All these elements 

are defined for different perspectives, such as the four classical perspectives of the BSC (Kaplan 

and Norton, 1992): financial, customer, process, and innovation and learning.  

In addition, supply chains should focus on being sustainable. Ahi and Searcy (2013) define 

sustainable supply chain management as ‘the creation of coordinated supply chains through 

the voluntary integration of economic, environmental, and social considerations with key inter-

organizational business systems designed to efficiently and effectively manage the material, 

information, and capital flows associated with the procurement, production, and distribution 

of products or services in order to meet stakeholder requirements and improve the profitability, 

competitiveness, and resilience of the organization over the short- and long-term‘. This defini-

tion integrates the management of the three pillars of sustainable development (economic, en-

vironmental and social) with the management of the business of supply chains which can be 

performed by using PMSs. Then, both elements should be integrated by using a PMS to manage 

sustainable supply chains. 

The process of portfolio selection is a multi-criteria problem that has been analyzed in the 

literature (Begičević et al., 2010; Toloo et al., 2018). The selection and implementation of the 

most relevant projects is related to strategy completion. Then, if supply chains pursue the 

achievement of the strategic objectives, the portfolio selection process should be aligned with 

it in order to increase the synergies in the supply chain performance obtained. These objectives 

are better managed when using a PMS and this PMS should involve managing the sustainability 

pillars in order to perform a portfolio selection process that increases sustainability in the supply 

chain. 

In the literature, several models have been developed combining the BSC with multi-criteria 

decision analysis (MCDA) methods for project selection (Yao and Liu, 2016; Scheiblich et al., 

2017; Basar, 2019). However, in these models, the inclusion of the environmental and social 

pillars of sustainability has been overlooked. Only one paper, Chang (2015), includes some 

social criteria in the proposal but the model neither considers the environmental pillar nor de-

fines a strategic BSC for supply chains. It is a specific BSC for project selection. To solve this 

gap, this paper proposes a strategic BSC-MCDA model that integrates the three dimensions of 

sustainability with the portfolio selection decision by aligning the project selection to the stra-

tegic objectives of a supply chain. This approach will help enterprises to prioritize projects that 

have the highest impact on the strategy of the supply chain and their sustainability over time.   

This paper is structured in the following sections. Section 2 presents a literature review of 

portfolio selection models developed using MCDA techniques and, specifically, using the BSC-

MCDA combination. This last case analyses whether the models integrate environmental and 

social objectives in the BSC. Section 3 sets out the multi-criteria approach to select projects for 

sustainable supply chains. Section 4 develops an application of the approach to an agri-food 

supply chain. Finally, concluding remarks are presented.   

 

2. Background 

2.1. Multi-criteria decision analysis for project selection 

Multi-criteria decision analysis (MCDA) techniques have been applied in multiple decision-

making problems for project selection using both multi-objective and multi-attribute methods. 

Danila (1989) presents a review on research and development project evaluation and selection 

methodologies and techniques.  

Gutjahr et al. (2008) develop a model using heuristics and metaheuristics that seeks to max-

imize a weighted average of economic gains from projects and strategic gains from the incre-

ment of desirable competencies. Toolo et al (2018) use Data Envelopment Analysis (DEA) to 

select the most efficient information system projects in presence of user subjective opinions. 
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Other multi-attribute techniques, such as Promethee and Electre, have also been applied for 

project selection. Halouani et al. (2009) uses Promethee for project selection, and Buchanan 

and Vanderpooten (2007) rank projects for an electricity utility using Electre. 

The Analytic Hierarchy Process (AHP) and Analytic Network process (ANP) developed by 

Saaty (1980) have also been used for project selection. Subramanian and Ramnathan (2012) 

develop a review of AHP applications in operations management, including project portfolio 

selection. Lee et al (2007) propose an AHP model to select wind farms. Su and Chou (2008) 

develop an AHP model for the creation of six sigma projects on a semiconductor company. 

Aragonés-Beltrán et al (2010) present an ANP model for the selection of photovoltaic solar 

power plant investment projects. Begičević et al (2010) propose a prioritization of projects in 

higher education institutions using ANP. Bai and Zhan (2011) set out an ANP model for IT 

project selection and apply it to an oils and food company in China. Smith-Perera et al. (2010) 

develop an ANP model for portfolio selection in an electrical company.  

In addition, some recent papers (Khalili-Damghani and Sadi-Nezhad 2013; Kudratova et al. 

2018; Ibrahim and Shaker 2019) have developed MCDA models that include sustainability 

criteria (environmental and/or social criteria) for the purposes of electing projects, but these 

models are not structured using a BSC. 

2.2 BSC and multi-criteria decision analysis for project selection  

Several papers have used BSC combined with MCDA methods for project selection. Table 1 

presents a summary of these studies. The table shows three characteristics: the use of the BSC, 

the environmental and social dimensions of sustainability and the MCDA tools. The economic 

dimension of sustainability is not specified as it is already considered in the financial 

perspective of the BSC. Then, all the papers already cover the economic dimension. Asosheh 

et al. (2010) apply DEA with the BSC to develop a new method for IT project selection. Chang 

(2013) develops a BSC-TOPSIS model for new product development project selection. Wu et 

al. (2013) sets out a BSC-ANP model for new product development projects. Ravasan et al. 

(2014) use BSC with fuzzy TOPSIS (FTOPSIS) for project selection. Wu et al. (2014) apply 

BSC using an interval-valued intuitive fuzzy decision-making method based on improved 

TOPSIS in new energy project priority selection. Chang (2015) propose a project selection 

model for non-profit TV stations using BSC-ANP-TOPSIS. García-Melón et al. (2015) propose 

a BSC model using ANP for the selection of portfolio projects applied to a public Venezuelan 

Power Corporation. Liang (2015) proposes a BSC-FAHP model for information systems 

performance assessment. Tabrizi et al. (2016) develop a BSC project portfolio selection model 

using fuzzy DEMATEL and multi-choice goal programming (MCGP). Wudhikarn (2016) 

applies BSC-ANP-ZOGP for strategic project selection. Kao et al. (2016) apply BSC-FAHP to 

select construction projects. Yao and Liu (2016) develop a BSC-AHP model for e-government 

project evaluation.  Scheiblich et al. (2017) develop a BSC model using the weighted sum to 

measure the performance of project management. Basar (2019) uses the fuzzy operator and 

BSC for the performance evaluation of IT projects. 

As regards sustainability criteria, specifically environmental and social criteria, only one 

paper, Chang (2015), includes the social criteria in the proposal, but the model neither considers 

the environmental dimension of sustainability nor defines a strategic BSC for supply chains. It 

is a specific BSC for project selection. The literature does not present any BSC-MCDA model 

that integrates the three dimensions of sustainability into a strategic BSC for project selection. 

The objective of this paper is to develop a proposal to fill this gap. With it, organizations will 

have a tool to increase their sustainability and competitiveness by aligning the project selection 

and implementation with the main strategic objectives. 
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Table 1. Review of papers using BSC-MCDA and sustainability dimensions for project selection. 

 

3. The multi-criteria approach to select projects for sustainable supply chains 

The approach comprises eight phases. Phase 1 comprises the development of the PMS for sup-

ply chain management. The supply chain may already have developed a PMS; if so, this step 

will not be needed. The PMS may involve the four classical perspectives of Kaplan and Norton 

(1992) (financial, customer, business process, and innovation and learning perspectives) but 

sometimes these perspectives are adapted in inter-organizational contexts, such as in the PMSs 

by Brewer and Speh (2000), Bititci et al. (2005) and Folan and Browne (2005).  

Phase 2 involves the sustainability analysis of the environmentally and socially relevant as-

pects to discover how to integrate environmental and social measurements within the strategy 

of the supply chain. The literature contains different structures to introduce environmental and 

social objectives into a BSC (Figge et al., 2002; Qorri et al. 2018). Figge et al. (2002) classify 

these BSC structures and can be used to guide the BSC scheme selection in this phase. 

Phase 3 develops the performance structure to include the measurement/management of the 

sustainability elements within an integrated PMS.  

Phase 4 consists of the identification of the projects to be assessed.  

In Phase 5, the multi-criteria method, AHP, is applied to define the model. The Analytic Hi-

erarchy Process (AHP) structures the model through a hierarchy of levels linked by relation-

ships (Saaty, 1980). The top level consists of the ultimate goal of the model. The next level 

down shows the criteria that will help to achieve that ultimate goal. Then, the decomposition of 

these criteria into attributes is developed in the next levels. The last level shows the alternatives 

(projects to be prioritized in this case). Fig. 1 shows the BSC-AHP model for project selection 

structured in three levels: the sustainable supply chain (ultimate goal of the model), the Bal-

anced Scorecard Performance Elements (PE) for sustainability management; and projects (al-

ternatives).  

In Phase 6, decision makers perform pairwise comparisons by using the fundamental scale of 

Saaty (1980) and local priorities are computed.  

In Phase 7, the global priorities are obtained and the prioritization of the alternatives is pro-

vided.  

Finally, in Phase 8, the analysis of results is performed to analyze whether the solution ob-

tained is robust enough when changes to the preferences of decision makers occur.  

 

 Sustainability  

References BSC Environmental Social MCDA 

Asosheh et al (2010) X   DEA 

Chang (2013) X   TOPSIS 

Wu et al. (2013) X   ANP 
Ravasan et al. (2014) X   FTOPSIS 

Wu et al. (2014) X   FTOPSIS 

Chang (2015) X  X ANP-TOPSIS 
García-Melón et al. (2015) X   ANP 

Liang (2015) X   FAHP 

Tabrizi et al. (2016) X   FDEMATEL-MCGP 

Wudhikarn (2016) X   ANP-ZOGP 
Kao et al. (2016) X   FAHP 

Yao and Liu (2016) X   AHP 

Scheiblich et al. (2017) X   Weighted sum 
Basar (2019) X   Fuzzy Operator 
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Figure 1. AHP model for project selection in sustainable supply chains. 

 
 

4. Data and results 

The methodology has been used to prioritize projects within an agri-food supply chain. The 

supply chain had defined its strategy developing specific objectives and key performance 

indicators but they were not using a BSC approach and nor had they defined strategic objectives 

for the environmental and social dimensions of sustainability. Then, it has been necessary to 

adapt the strategic information into a BSC scheme as well as include the sustainability 

dimensions. After reviewing the different options proposed by Figge et al. (2002) with the 

experts of the supply chain (production manager and supply chain manager), it was agreed to 

use a six-perspective structure (the four classical BSC perspectives and the environmental and 

social perspectives). Two meetings of 2 hours each were held with the experts to define the 

strategic elements (objectives and KPIs in each perspective) of the BSC (see Table 2) and the 

list of strategic projects to assess. Table 2 shows the objectives and KPIs defined for the 

financial, customer, process, environmental and social perspectives. 

As for the alternatives, a list of seven projects (P1-P7) was identified regarding strategic 

themes such as: 

• P1. Optimization of field assignment to different fruits 

• P2. Crop rotation 

• P3. Labour improvement 

• P4. Improvement of fruit quality 

• P5. Joint project development with research centres  

• P6. Pest management 

• P7. Cost improvement 

Once the BSC was defined, the different elements were structured in an AHP model linking 

the different projects to the BSC. The model was developed using Superdecisions software. The 

experts held two additional meetings of 1.5 hours each to perform the pairwise comparison 

matrices using the fundamental scale of Saaty (1980).  Then, the software computed the local 

priorities and the consistency of the judgments. Table 3 presents the local priorities coming 

from the pairwise comparison matrix of the list of projects with respect to the increase taste 

objective. The consistency ratio is also checked (6.94%). In this case, the results are acceptable 

according to Saaty (1980).  
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Table 2. Agri-food supply chain BSC. 

Perspectives             Objectives                                  KPIs 

Financial Increase profitability 

Increase margin 
 

 

Reduce production cost 

KPI1 = % ROI variation 

KPI2 = % variable cost reduction 
KPI3 = % fixed cost reduction 

KPI4= % price variation per fruit variety  

KPI5 = % variation of production cost 

Customer Increase satisfaction 

 

 

 
Increase perceived quality 

KPI6 = % customer satisfaction 

KPI7 = % backorders 

KPI8 = % lost sales 

KPI9 = % complaints 
KPI10 = % perceived quality 

Process Increase fill rate 

Increase safety 
 

Increase storage 

characteristics 

Increase taste 
Increase crop yield 

KPI11 = % variation fill rate 

KPI12 = % reduction in non-conformance products 
according to requirements  

KPI13= % shelf life 

KPI14 = % taste improvement 

KPI15 = % crop yield 

Environmental Reduce consumption 

 
 

Reduce pollution  

Obtain environmental 

certification 

KPI16= % water consumption 

KPI17= % energy consumption 
KPI18= % re-use consumption 

KPI19 = Chemical reduction 

KPI20 = Environmental management system 

certification 

Social Improve employment  

 

Increase Health & safety 
culture 

KPI21= % improvement of employee contracts  

KPI22 = % job rotation 

KPI23= % training hours per employee  

Table 3. Project pairwise comparison matrix wrt the increase taste objective.  

 P1 P2 P3 P4 P5 P6 P7 Priorities 

P1 1 1/3 1/5 1/9 1/5 1 1 0.0360 

P2 3 1 5 1/5 1/3 5 5 0.1474 

P3 5 1/5 1 1/9 1/5 1 1 0.0587 

P4 9 5 9 1 3 9 9 0.4548 

P5 5 3 5 1/3 1 5 5 0.2238 

P6 1 1/5 1 1/9 1/5 1 1 0.0396 

P7 1 1/5 1 1/9 1/5 1 1 0.0396 

       C.R. 6,94% 

 

Similarly, the rest of the pairwise comparison matrices were computed for the remaining 

projects with respect to the different BSC objectives. Then, the overall priorities were 

computed. The three projects with the greatest impact on supply chain sustainability are: 

Improvement of fruit quality (P4), Optimization of field assignment to different fruits (P1), and 

Cost improvement (P7). This project prioritization ranking is consistent with the opinion of 

decision makers as these three projects are considered the most relevant in the short term, while 

the rest of the projects have a medium-term projection for the supply chain strategy. A 

sensitivity analysis performed using Superdecisions software confirms that the solution 

obtained is robust. 
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5. Concluding remarks 

Several models have been developed in the literature for portfolio selection.  Some of them 

integrate the BSC with MCDA methods to prioritize proposals for project selection. However, 

the literature lacks a model that integrates the BSC with the environmental and social 

dimensions of sustainability to foster the competitiveness of supply chains by introducing 

sustainability into its strategy. This paper proposes an approach to fill this gap. 

Then, this study presents an approach to deal with this problem by using an AHP model that 

links project selection to a supply chain, BSC, that integrates the dimensions of sustainability. 

With this methodology, the supply chain can benefit from: 1) providing a strategic tool 

(Balanced Scorecard) to implement the sustainability management within the supply chain, 2) 

developing a feedback analysis to analyze the progression of the supply chain towards the 

sustainable goals, 3) structuring a decision model that prioritizes the portfolio selection aligned 

to the sustainability of strategic objectives of the supply chain, and 4) including decision makers 

of the supply chain in every phase of the approach to validate the results. This approach has 

been applied to an agri-food supply chain. Sensitive analysis concludes that the solution 

achieved is robust. 

This paper presents some limitations. The research was based on peer-reviewed indexed 

journals from Scopus published in English. Publications from books, chapters, conferences or 

doctoral dissertations were not considered. The keywords were defined to cover the whole set 

of words used, but the use of synonyms in the papers could limit the inclusion of articles for the 

analysis. As for validation, the proposal has so far only been applied to a case study. It is 

necessary to extend its application to other cases and types of supply chains to obtain feedback 

in order to improve the approach. Future studies will extend this approach by using it in other 

case studies and it will compare results obtained using other MCDA methods as well as 

uncertainty techniques. 
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