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ABSTRACT

Since the last one decade, the concept of sustainability is progressively gaining global attention as
it not only improves environmental and social performances but also has positive impact on the
overall profitability of the firm. The concept requires proportionate blending of the economic goals
along with the environmental responsibility and societal equity. A major amount of responsibility
lies with freight transportation sector. This is because transportation sector is a major source of
greenhouse gas (GHG) emissions and energy consumption worldwide. Thus, there is a need to
transform freight transportation policy towards a sustainable freight transportation paradigm. A
sustainable freight transportation, generally, comprises of movement of goods with a broader
perspective of improving operational and costs efficiencies while considering environmental and
social impact of freight transportation process. However, the key challenge lies in reducing the
negative externalities of freight transportation on environment and society.

One of the ways to integrate sustainability principles into freight transportation process is by
developing performance management system. Such system sets the corporate goals, defines key
metrics, periodically measures, evaluates, and analyzes firm’s performance, and provides an
opportunity of continuous improvement on the three dimensions of sustainability. Implementation
of performance management system will ensure that decisions are well aligned with the
sustainability principles. This is further supported by an adage “if there is no measurement, there
will be no improvement”. Since past many years, the researchers have witnessed immense growth
in the performance measurement literature in the context of sustainable supply chain management
area. However, issues related to sustainability performance for freight transportation system are

often undermined in the literature. Currently, there are no well-accepted performance evaluation



system and broad range of performance metrics that can measure economic, environmental and
social performances of the organization.

This research, thus, is carried out in three-phases to fill the above-mentioned gap in the literature.
This study pre-dominantly addresses performance management issue in the sustainable freight
transportation context. The first phase of this research is Exploratory Phase, which proposes a
conceptual performance management system framework for sustainable freight transportation. A
Soft-System Methodology has been adopted that accommodates holistic perspectives of various
stakeholders while designing the framework. The proposed framework highlights the need of
identifying key performance indicators, measuring the performance, and continuous improvement
in the performance under each dimension of sustainability at the organizational level. The
framework acted as a roadmap for the thesis with the aim to integrate sustainability in the freight
operations through performance management system.

The second phase of the research is Performance Assessment phase. In this phase, a hybrid
decision model has been used to present critical KPIs for Sustainable Freight Transportation (SFT).
Initially, total ninety-nine were identified through an extensive literature review. These KPIs were
classified into three dimensions of sustainability. Fuzzy Delphi Method (FDM) has been used to
obtain a relevant list of KPIs for the freight industry from the identified ninety-nine KPIs. Next,
KPIs were categorized into the driver, dependent, linkage and autonomous KPIs by identifying
underlying relationships using Total Interpretive Structural Modeling (TISM). Finally,
autonomous KPIs were removed from the lists and the remaining KPIs under each dimension were
prioritized using Consensus Model (CM). KPlIs identified in this phase could serve as reference
indicators to establish an appropriate sustainable performance appraisal in the freight organization.

Further, a performance index has been developed in this phase using the identified relevant key



performance indicators (KPIs). It essentially, measures the current sustainability health of the
freight system and identifies weaknesses in different dimensions of the system. A Fuzzy Evidential
Reasoning Algorithm (FERA) has been used to develop the performance index by aggregating
subjective judgments with crisp quantitative values.

The third phase of the research is the Sustainability Adoption phase, which deals with improving
the sustainability performance of freight transporters to remain competitive in the market. In this
phase, best sustainability practices specific to freight transporters have been identified to enhance
the organizational performance. An integrated approach by combining intuitionistic fuzzy number
with graph theoretic and matrix approach have been used to prioritize the sustainability practices.
In this study, it was found that top management commitment and multi-modal freight
transportation have highest impact on the overall organizational performance. Therefore, a
subsequent study was conducted to select best transportation mode, or a combination of modes
based on various criteria to carry shipments from origin to destination. In this objective an
integrated grey relational analysis based intuitionistic fuzzy multi-criteria decision-making process
(GRA-IFP) and fuzzy multi-objective linear programming (FMOLP) model have been used. GRA-
IFP has been applied first to assign weights to multiple criteria. These weights are further used in
fuzzy multi-objective linear programming to finally select modes and estimate distances to be
travelled by each mode. Three scenarios have been developed for analyzing sensitivity of decision
variables with the variations in parameters under relevant conditions.

The research finally concludes with the summary and key findings derived from the research. The
proposed performance management system framework can broadly guide freight transporters to
measure, evaluate and monitor the performance. A standardized list of critical KPIs can help

freight transporters to decipher their strengths and weaknesses. The complete process of
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developing performance index facilitates freight transporters to evaluate their performances on
each dimension of sustainability. The list of sustainability practices can help prioritizing the focus
of freight transporters towards the sustainability practices that have higher impact on overall
organizational performance. This research contributes to the area of sustainable freight
transportation by providing a roadmap and quantitative models to freight transporters, thus,
facilitating the integration of sustainability into freight operations through the performance

management system.

Vii



R

fid TP a2 ¥, FRRAT 3 SEURUT ITITR IS FU J A BT PR 761 § N1 399 7 bad TAaRUl
3R T TeRiH B gUR gidT 8, Sfets ST B &1 Gr Avved IR  THRIAS THE USdl § | 59 SIaURUT
¥ fore vafaruitg fordeRt ok arifore sféet & ary-ary onfie et &1 sruTfad TS0 Savae § | 1rd
uRag & & 1Y foraR) @1 U a3t IR g 3 1 T s & wiife ulas &4 g wR & dWiersy T
(SiTTel) I 3R ol WUd 61 U U™ AId & | 39 UHR, [T URag -ifd &1 U Rt A1e ufkag ufade
H IG B Al & | T [CHT1S, ATel UiRasH, 3 TR TR JTd & URAg & JaTaRl 3R GHINS YHE TR
faR &d gU URETe SR AN &Hdl H UR & U VB0 & A1 AT B SATaToTe! A g | gTaifes,
TG g TafaRor 3R YA WR HId URTEH & ThRIAS THIE! &) &1 B4 1 A ]

TSt ufkae ufehar & fRRa1 Rigidl & Thigd $31 & ! § I T Uex Y& Yumeh fAwRid s 81 59
TRE P JUITE HIaRe dedi &1 Fufia a8, g Afead o kit srelt 3, T00-90a IR Surdl &1 Hedids
FC 8, 3R T & TeRi BT faRavor FHxelt 8, 3R FRRar & i St R fRaR UR &1 3/awR UgH Het ¢ |
U= YsieH YUTTelt &1 Srii-ad- a8 AT s fas Fofa fRuRar Rigial & st @R ¥ ey farg e
21 T8 311 T $HeTad gRI FART § "SR PIs AT &1 8, dl PIs JUR et g | fUsd o auf J, Mecparsit
A o1, Smyfct giaa waie &= & Ao & yexfa o Wit & U af 3= B 1 grerifes, Ara uRag= voredt &
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