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Abstract

The unpredictable nature of extreme weathduced disruptions is posing tremendous pressure

on nowadays supply chains. Longer transports, increased fuel consuni@mrdous wastes,
unsatisfied clients, social unrest and risks, damage to the environment, infrastructure and assets
are only few of the pressuring outcomes. This situation becomes even more critical when it
comes to freight transportation which is mubbser to societies and to the environment. In order

to counteract this, the concept of supply chain resilience is being adopted towards identifying
solutions for the supply chains to recover after such a disruption took place. However,
institutions tendo leverage (more) cost minimization as the key indicator of resilience efficiency
against environmental and social indicatbrand this is highly visibleespeciallyin the lower
income region of South East Europe (SEE). Ténerageis slowly becoming obsolete, as the
global literature, policy and practice are consistently demanding for the need of resilient and
green supply chaiimmanagement(RGSCM) and implicitly of resilient and green freight
transportation (RGFT). This is why, titstions can no longeemphasizeeconomic benefits
against societal and environmental value when dealing with resilience and thus, the proper
implementation of RGFT/RGSCM strategies becomes critical.

RGSCM and RGFT implementation have often been stutledugh various theoretical
frameworks such as the ecological modernisation theory (EMT) for understanding how eco
innovations emerge, diffusion of innovation theory (DIT) for investigating howiretmvations
diffuse, complex and adaptive systems the@®@3T) for examining how resilience and self
adaptation is being achieved and finally, institutional and stakeholders theory (INT and ST) for
reasoning how institutions adopt eomovations triggered by stakeholder groupsédgolution).

However, the keyiterature gap that this research aims to fill resides in the lack of existence of a
converged framework for all the five theories with focus on understanding how institutional level
RGFT/RGSCM practices can be implemented and leveraged at the stak€hwddesystem)
levelin order to ensure a wider scale imp&ch theoretical convergence gap becomes tangent
with the recently developed quintuple helix model whereieoovations, institutions, society

and the environment are being seen as the key cathguliars of eceamodernisation in
nowadays society.

In this context the aim of this thesis is to propose a quintuple helix framework for the
implementation of RGFT/RGSCM during weather induced disruptions in SEE by underpinning
how institutional intera@ons and RGFT/RGSCM edanovation implementation can scalp to
stakeholder level. In order to support this convergence and the theoretical framework
assumptions, a thretage mixednethod approach has been adopted at the South East European
level (Stge onel qualitative interviews, N=6; Stage twoqualitative and quantitative semi
structured exploratory & confirmatory survey, N=311; Stage tlirdecus groups only on
Greece in order to enable higher specialization of the findings, N=3 and modeaiihg a
simulation, N=3).



Overall, the key outcome that has been revealed is that quintuple heli@ateon, goal and key
performance indicatoréKPI1) alignment of all stakeholders and capacity to transform-(eco
modernize) of institutions are the key enablef fast ecannovation (RGFT/RGSCM) diffusion

and implementation. The additional (key) research outcomes are: firstly, disruptive eco
innovators are limited and most of the other institutions are primarily adapting/transforming;
secondly, there is highilingness to leverage edanovations at the stakeholder level; thirdly,
the RGFT/RGSCM ectmnovations will be based on the smart specialization areas of the
country/region; fourthly, by having the inner desire to excel, institutions will continue to eco
innovate (mostly through steady transformatiorgnsuring thus the sustainable change at the
stakeholder level (by putting pressure onldte adoptens Lastly, a concerning element in this
area resides in the existence of very isolated stakeholder groups which mayewvolveo

This research brings academic contribution by exploring each of the five theories and by
proposing their convergendauilt upon the quintuple helix model. Additionally, this research
provides advancements in the ut@ieon of mixedmethods research in RGFT/RGSCM.
Similarly, this research provides practical benefits toitutgins in terms of offeringyuidance

and solutionsfor RGFT/RGSCM implementation. Poligyise, this research enables better
policy formulation especially in terms of triggering quintuple helixcogation towards enhanced
societal and environmental outcomes (impacting thus on society as well). Finallgorén
limitations of this thesis which should be addressed in future studies consist of the high level
approach in terms of converging the five theories as well as in the manner in which the
triangulation is being performed (the three stages are notrpedo integrally and then
triangulated being rather integrated as means of one stage informing another).

Keywords: Resilient ad green freight transportation; Supply ch&uintuple helix; Institution;
Stakeholder, Innovation,doption South East Hrope
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Acronym Explanation

CAST

Circular economy

CRQ
DIT
Disruption

Ecoinnovation
Ecosystem

EMT

EuP

FT

GFT

GSCM

INT
1ISO14001 and
1ISO14031
KPI

LCA
Mesosystem

Microsystem

Quintuple helix

Resilience
RGFT
RGSCM

RH

Complex and adaptive systems theatyich explains how systems achieve equilibrium
through interactions among its entities.

An environmentally sustainable and resowsffecient economy where one insitt r y 6
waste becomes the primary resource of another industry.

Converged research questioa research question that has been devised by combinir
several research questions that point towards the same query.

Diffusion of innovation theory which explains how innovations are being diffused (ei
transformativeor disruptive) within a system.

Any interference that causes substantial negative changes/damages in the operatio
of a system.

In this research, any RGFT/RGSCM strategy/practice.

In this research, an abattion of the natural/environmental ecosystem which incorpor
mesosystems.

Ecological modernization theory which explains how natural and social systems ecc
innovate and canodernize themselves when dealing with disruptions.

Standard for energy efficiency.

Freight transportation.

Green freight transportation (transportation that is considered environmentally
sustainable).

Green supply chain management (supply chains that are considered tiregalso
incorporate GFT as a sutiscipline).

Institutional theory which explains how individual institutions evolve and incorporate
changes when operating within a stakeholder/system group.

Environmental regulation standards.

Key performance indicator.

Lifecycle assessment (assessment of the CO2 footprint of a product across the enti
supply chain required to manufacture and transport the product until (including) disg
An abstraction of societal ecaggms based on the quintuple helix concAfsio referred
to as stakeholder level.

An abstraction of RGFT/RGSCM ecosystems which are incorporated within
mesosystems.

An evolution of the traditional triple helix concept (university/innovation, industry,
government towards including society and environment as key drivers of (sustainab
development within mesosystems.

Ability of a system to recover fromdisruption and return to a better state than the on
before the disruption.

Resilient and green freight transportation (transportation systems that reach resilien
an environmentally sustainable manner).

Resilient and green supply chairanagement (supply chain systems that reach resilie
in an environmentally sustainable manhéncludes RGFT as a sudiscipline).

Research hypothesis (mostly used in this thesis as key driver of the systematic liter;
review).

Xii



RoHS
RQ

SC and SCM

SCEnAT

SCRM
Smart specialization

ST

SQ

TFT Pillars
WEEE

Standard for managing hazardous substances/materials.

Research question (mostly used in this thesis as key driver of the organizational the
review).

Supply chain (SC) (the entire network of enterprises, infrastructures and resoat@ss |
create towards ensuring all the stages involved (from raw material, processing to de
in satisfying demand under the most efficient management strategies (SCM)).

An LCA based tool for supply chain environmental analysis that has beed
throughout this thesis (in Stage three of the methodology) in order to provide illust
examples of how different RGFT/RGSCM strategies could help reduce the CO2 fou
of supply chains during disruptions.

Supply chain risk management (a glibcipline of SCM which focuses on risk
management and mitigation).

Policy instrument/strategy which directs funding and development according to the |
strengths of a region.

Stakeholdergheory which explains how groups of institutions that form a stakeholde|
group pose pressures at the ecosystem levels upon individual institutions in order tc
achieve common standards/practices.

Search query comprising of formulas and logical opesatmat have been used to drive
the systematic review strategy.

The seven main pillars of the proposed theoretical framework of the thesis.
Standard for managing the waste of electrical and electronic equipment.
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Chapterl: Introduction

This chapterldoptsanintroductorynature by providing an overview on the entire research that
has been performed in order for the reader to gain an initial understanding of the contextual
complexity of the research ardgefore proceeding to read this document it is highly advisable
that the acronyms and list of terms section is consulted.

1.1 Backgrounaf the problem
The unpredictable nature of extreme weaihduced disruptiongheavy rain, blizzargl snow,

icy roads, fog, heat aves)is posing tremendous pressure on nowadays supply chains. Longer
transports, increased fuel consumption, hazardous wastes, unsatisfied clients, social unrest and
risks, damage to the environment, infrastructure and assets are wnlgf flhe pressuring
outcomef such disruptiongKeohane & Victor, 2016; Chhetri et al., 2016; Global risks, 2015;
GAR, 2015; Walch, 2015; Van der Vegt et al., 2015; Thompson et al., 2014; Surminski, 2013;
Contestabile, 2013;Jarvis et al., 2012; Linneckaeet al., 2012; Natarajarathinam et al., 2009;
Hale & Moberg, 2005) As social and environmentaoncernsare growing in importance
through normative and coercive directions, supply chain management (especially transportation)
must fastly adapt to suclkequirementsvhen aiming toachieve resilience in an environmentally

and socially aware mannefto this endyesilientandgreen supply chain management (RGSCM)

and its subfield resilient and green freight transportation (RGFT) act as core enablacglefn

growth with tremendously increasebcial pressures that demand innovative approadbes
leveraging institutional level practices to a wider scale (i.e. mesosystem) in order to support eco
modernisation with a greater impa¢¥Vong et al., 2016; Hah et al., 2015; Torabi et al. 2015;
Cardoso et al., 2015; Genovese et al., 2014; Koh et al., 2014; Ketikidis et al., 2013; Govindan et
al., 2014; Bell et al., 2012; Shi et al., 2012; Zhu et al., 2012; Sarkis et al, 2011 ; Hofsgér

et al., 2011; &rkis et al., 2008). Such actors that pressure RGSCM and RGFT comprise of the
key developmentainstitutions of a low carbon economy: research/@eoovation, effective
environmental policies, industries that innovate or incorporateinmmvations, and
environment and society which act as core influencers of such an integrated e@vé&lutmn

framework (the Quintuple Helix Model as described by Carayannis, Barth & Campbell, 2012).



Even more,environmentally sustainableesilience (ability of a supplchain to return to its
operational mode in a low carbon manner after a disruption took place) requires-treatm

at the quintuple helix level as institutionally focused solely economic performance (during
disruptions) can no longer be accountdblethe societal and environmental damage triggered
by supply chains in their complex process eadaptation towards ensuring resilienSach ce
creation becomes even more critical during weather induced disruptions which due to their
unpredictable nate can cause substantial damages to supply chains, societies and environment.
Finally, all this context becomes even more critical in South East Europe which lacks the
necessary mechanisms, research and infrastructure to properly adopt a quintuplevélelix le
approach when aiming to enable environmentally sustainable resilience within its main
transportation mode (road freighfhhis way, RGFT and RGSCM pose a core challenge for

research and practice.

RGSCM and RGFT have often been studied through various theoretical frameworks such as the
ecological modernisation theory (EMT) faunderstandinghow eceinnovations emerge,
diffusion of innovation theory (DIT) for investigating how elemovations diffuseamong the
RGSCM/RGFT actors, complex and adaptive systems theory (CAST) for examining how
resilience and selidaptation is being achieved and finally, institutional and stakeholders theory
(INT and ST) for reasoning how institutions adopt -eowovationstriggered by stakeholder
groups (and vicerersa). However, all these theories have been studied in a mere isolation when
it comes to RGSCM/RGFT. Even moresystematic literature review on theoreticaindations
related toRGSCM/RGFTpractice implementeon shows a clear focus solely on institutional
level drive of RGSCM/RGFT research, econovation and ecractice incorporation (and
decision making) withvery recentrelation to proper careation and c@&volution at the entire
quintuple helixlevel (in which nowadays supply chains span) with no evidence of quintuple
helix cocreation and ecoinovation scalaip for the benefit of the entire ecosystem (Fahimnia

et al, 2015; Tajbakhs & Hassini, 2015; Varsei et al., 2014; Bhattacharya et al., 2014i Edticc

al., 2013; Seuring, 2013; Winter & Knemeyer, 2013; Bjorklund et al., 2012; Banerjee, 2008;
Tang et al., 2008; Hervani et al., 2005; Shepherd & Gunter, 2005; Bendell, 2003).

In this context, this research introduces a convergence of existing (bahrmksted/isolated)
five organizational theorieis the field of RGSCM/RGFTin order to trigger the emergence of a



binding framework capable to drive and explain research and practical developmetiis in
field. More specifically the proposddameworkbuilds upon thevork of Carayannis, Barth &
Campbell, (2012) related to the quintuple hehxofle) and integrateEMT, DIT, CAST, INT
and STin order to provide a comprehensive and modern frameworkRIBECM/RGFT
implementation Such quintuple helix mes®ystem is perceived to beintegrated in the
ecologicaléenvironmenal ecosystem and accordinglythe mesosystem incorporates
RGSCM/RGFT microsystems that-ceeate by diffusing and adopting ecmovations towards

achieving environmentally sustainable nesite.

1.2 Research questionsipaand objectives

The aim of this research is fwoposea quintuple helix framework for the implementation of
resilient and green road freight transportation (RGFT/RGSCM) during natural/weather induced
disruptions in South East Europby underpinning how institutional interactions and
RGFT/RGSCM (ecannovatian) implementation can scaig to mesosystem/stakeholder level

As it will be shown in the theoretical foundation and systematic literature reviews, there are
severaltypes of inquiries that this research will perforkirstly, initiated by the theoretical
foundation background of the propos@ive) theories, a series &fevenconverged research
guestions (CRQs) will drive the elaboration of the specific objectives (OBs) as well as of the
Pillars of the proposed theoretidehmework These CRQs have been converged as shown in
section 2.1.6 by overlapping common gaps and inquiries of each of the five th€orikbs end,

thesevenCRQs (which will answer mostly academic inquiries) are:

CRQ1: Bottomup: How can local level instituti@h EMT driven ecennovations (either
transformative or disruptive) diffuse faster under the DIT behaviour and-godbes
explained by ST and INTgcross the RGFT CAST driven microsystem panarchy during
crises towards enabling resilience (Dubey et 81152 Govindan et al., 2015; Tian et al.,
2014; Gobbo et al., 2014; Zhu et al., 2012; Darnall et al., 2008; Andrews et al., 2003;
Hoffman & Ventresca, 2002) (lvanaj et al., 2015; Chakrabarty & Wang, 2013; Golicic &
Smith, 2013; Zhu et al., 2012; Moore & Wley, 2011; Van den Berg, 2011; Chertow,
2009; Atwell et al., 2008; Jacobsson & Brgek, 2008; Walker et al., 2006; Walker et al.,
2004)?



CRQ2: Topdown: How can the modernized ecosystem level (explained by the ST)
generate ectnovation exogenous presssiren the individual institutions (explained by
INT) in an international ecosystem and what are the institutional level responses to such
inducedEMT driven modernization (Govindan et al., 2015; Tian et al., 2014; Zhu &
Geng, 2013; Dornfield et al., 2013arRis et al., 2011; Rivera, 2004) ?

CRQ3: Transversal: What are the local level institutional controlled processes of the
CAST driven RGFT microsystem and how do these institutional controlled processes
integrate and cevolve (INT, ST) with the ones of other quintuple helix stakeholders in
order to enable coreation and fast eaanovation adoption (EMT, DIT) towards
ensuring RGFT at the quintuple helix mesosystevel (Baumgartner et al.,, 2015;
Piotrowicz, W., & Cuthbertson, 2015; Blecharya et al., 2014; Varsei et al., 2014; Ahi

& Searcy, 2015a; Ahi & Searcy, 2015b; Gopal & Thakkar, 2012; lvanov et al., 2012; Van
den Berg, 2011; Folke et al., 2010; Bansal & Mcknight, 2009; Chertow, 2009; Pathak et
al., 2007; Holling, 2001)?

CRQ4: Transversal: What are the effects of the interconnectedness of the institutional
level stakeholders and the location of the disruption within a quintuple helix CAST based
mesosystem on the RGFT process in terms of the effectiveness of the emerged eco
innovation (EMT) diffusion (DIT) (lvanaj et al., 2015; Chakrabarty & Wang, 2013; Zhu

& Ruth, 2013; Petit et al., 2010; Gonzalez et al., 2008; Arimura et al., 2008; Hervani et
al., 2005; Wagner & Bode, 2006) ?

CRQ5: Methodologies: What CAST systems modellargd simulation, mixeanethods
research and behavioural analysis can be performed within an ecosystem (Faisal, 2016;
Dubey et al., 2015; Hohenstein et al., 2015; Qazi et al., 2015; Heckmann et al., 2015;
Tattichi et al.,, 2015; HueriBarrientos et al., 2@ Chouwdhury & Hossan, 2014;
Molina-Azorin & LopezGa mer o, 2014, O6Rour k e, 201 4,;
Davis, 2012; Zhu et al., 2012;Pathak et al., 2007) ?

[
.



CRQ6: Exogenous: How can stochastic externalities induced disruptions (such as
environmental onditions) be better overcame in CAST ecosystems through eco
innovation (EMT, DIT INT, ST) (Li & Coates, 2016; Chhetri et al., 2016; Snyder et al.,
2015; Loh & Thai, 2015; Mattson & Jenelius, 2015; Global risks, 2015; GAR, 2015; Van
der Vegt et al., 201%7hu & Ruth, 2013; Linnenluecke et al., 2012; Ergun et al., 2010;
Natarajarathinam et al., 2009; Stecke & Kumar, 2009; Nakano, 2009; Sdratieguez

et al., 2008; Holling, 2001) ?

CRQ7: Transversal: How does the DIT properly explain the adoption of BMCAST
based RGFT institutions (Kamalahmadi & Parast, 2016; Choudhury et al., 2015; Kim et
al., 2015; Cardoso et al., 2015; Brandlmmes et al., 2014; Wieland & Walenburg, 2013;
Mandal, 2012; Zhu et al., 2012; CarayanrBarth & Campbell; 2012; Caraymis &
Campbell, 2010; Brugge & Van Raak, 2007; Quist, 2007; Sondejker et al., 2006)?

Derived from theCRQs,the following specific OBs have been established (towards enabling
also a more practical/societal/policy result emergeritlkeg role of these OBs are ptacethe

CRQs into a measurable and granular workplan structure.

1 OB1: Assessment of extreme weather conditions impacts (institutional and ecosystem
level, mixed methods):
o OB1.1: Understand which weather conditions cause the most impactful
disruptions in road freight transportation from SEE (relates to CRQ6).
1 OB2: Assessment of business impact and decision making processes against the
disruptions caused by such weather condit{amstitutional level, mixed methods):
o OB2.1 Understand what negative business outcomes emerge as a result of such
disruptions
o OB2.2: Understand what (green) key performance indicators do business use and
to what extend when dealing with disruptions
o0 OB2.3: Understand to which exterdo businesses implement green practices

during their decision making processes



o OBZ2.4: Undersand what drivers and barriers thusinesses face when aiming to
adopt/implement green practices

o OBZ2.5: Understand what resiliengeechanisms do businesses implement and to
what extent these mechanisms include environmentally sustainable practices

o OB2.6: Understand how (to what extent) businesses interact with the
RGFT/RGSCMstakeholders.

1 OB3: Develop aframework for stakeholders tomplement resilient and green road
freight transportation practices (mesosystem level):

0o OB3.1: Investigate how can the resilience mechanisms of businesses be
supported/fostered faster by other stakeholders from the ecosystem (relates to
CRQ1, CRQ7).

o OB3.2: Investigate to what extenbdousinesses respond to ecosystem pressures
in order to implement RGFT practices (relates to CRQ?2).

0 OB3.3: Compare the RGFT KPIs of businesses with the ones of the involved
mesosystemds stakeholders (relates to

o OB3.4: Establish the importance of business partnerships interconnectedness in
terms of enabling fast RGFT (relates to CRQ4).

0 OB3.5: Use modelling tools (SCHEAT) to show practical underpinnings of
implementing suitable RGFT (relates to CRQ5)

OB4: Develop severalsimulationsto test the proposedramework with  RGFT/TRGSCM
mesosystem stakeholders (modelling & simulation)

Overall, based on the seven CRQs and on the granular targets set by the four main OBs, the
following sevenTheoretical Framework of the Thesis (THHijlars denote the key concepts of

the poposed theoretical framework lilyis research which binds the five main theories. The
following pillars are being sustained/extended during the primary research phase by answering
the CRQs via the OBs.



Pillar 1: The RGFT microsystem is CAST based and must emphasise the following core
elements: adaptability, flexibility, capacity to foster resilience and well defined key

controlled processes at the (supply chain) microsystem level.

Pillar 2: Having these elementgith core fundamental infusions from the EMT, during a
disruption, the RGFT microsystem will eginovate and based on the well defined key
controlled processes (with core support from flexibility, adaptapifitgreen resilience

strategy will emerge.

Pillar 3: However, in the best case, this green resilience strategy will be implemented at
the institutional (INT) or RGFT microsystem level without any direct impact
measurement and implementation oversight at the wider ecosystem level (quintuple helix

mesosystem) which has wider implications for the environment (ST).

Pillar 4: To this end, based on the CAST and DIT, the propagation of the green resilience
strategy and the necessary quintuple helixcra@ation processes should be devised in
order to leveage the impact of the green resilience strategy from microsystem, to

mesosystem and finally to the ecosystem (INT, ST).

Pillar 5: Thus, the DIT propagates etmovations from institutions to ecosystem
inducing thus change at the ecosystem/stakehotded (ST) which will later on put

more exogenous pressure to institutions (INT) to induce further modernization (cycle).

Pillar 6: This way, green resilience propagation is not isolated in a remote microsystem
location of the environment and it will imgla and induce modernization and

transformation throughout all social systems by relying on EMT, CAST and DIT.

Pillar 7: The meaning of green resilience in this case is the capacity of the RGFT
microsystem to recover in an environmentally sustainableyres efficient and negative
impact reduction) manner after an environmentally induced disruption took place by

properly propagating the recover throughout all social systems that are involved.



As it can be seen, all CRQs, OBs and Pillars are relatedsedithroughout the thesis in order
to properly drive the research. In order to provide a better overview on how these items relate

with all the concepts overarching this research, Table 1 provides a descriptive overview.

Tablel: Key researchers, main theories, CRQs, TFT Pillars and OBs

Concept Key researchers that drive this CRQs TFT OBs
thesis Pillars

Quintuple Carayannis, Barth & Campbe CRQ1, CRQ2, Pillars OB3.1, OB2.2,
helix theory 2012; Carayannis & Campbel CRQ3 1,2,3,4,5,6 OB2.3, OB3.2,
2010; 0B2.6, OB3.3
EMT Zhu et al.,, 2012; Berger et al CRQ1, CRQ2, Pillars OB3.1, OB2.2,
2001; Mol, 2000; Mol, 1995 CRQ4, CRQ6, 1,2,3,4,5,6 0OB2.3, 0OB3.2,
CRQ7 0B3.4, OB2.5,

0OB3.1
DIT Zhu et al., 2012; Hervani et al CRQ1, CRQ2, Pillars OB3.1, OB2.2,
2005;Rodgers, 1962 CRQ6, CRQ7 1,2,3,4,5,6 OB2.3, OB3.2,
0OB2.5, OB3.1
CAST Dubey et al., 2015; Govindan ( CRQ1, CRQ3, Pillars 0OB3.1, OB2.2,
al.,, 2015; Tian et al., 2014; Zh CRQ4, CRQ5,  2,3,4,56 0OB2.6, OB3.3,
& Ruth, 2013; Folke et al., 201( CRQ6, CRQ7 0OB3.4, OB2.5,

Walker et al.,, 2006; Holling 0OB3.5,
1973 0OB2.5, OB3.1
INT Dubey et al., 2015; Govindan « CRQ1, CRQ2, Pillars1, 0OB3.1, 0B2.2,
al., 2015; Tian et al., 2014; CRQ6 3,4,5,6 0B2.3, OB3.2,

0OB2.5
ST Ivanaj et al., 2015; Sarkis et al CRQ1, CRQ2, Pillars1, @ 0OB3.1, OB2.2,
2011; Delmas & Toffel, 2004 CRQ6 3,4,5,6 0B2.3, OB3.2,

0B2.5
Quintuple helix co- Dubey et al., 2015; Govindan « CRQ3, CRQ7  Pillars 0OB2.6, OB3.3,

creation al., 2015; Ivanaj et al., 201¢t 2,3456 OB3.1

Fahimnia et al., 2015; Diabat ¢
al., 2014; Holling, 2001
Resilience as CAST Kamalahmadi & Parast, 201¢

based quintuple helix ce = Carvalho et al., 2012; Craighe: All All All
creation et al., 2007; Christopher & Pecl
2004

Weather induced
disruptions as drivers of
inner ecoinnovation Bahadur & Doczi, 2016 All All All
engine of cacreation at
the quintuple helix level
Dubey et al., 2015; Govindan «
RGFT/RGSCM al., 2015; Tian et al.,, 2014
Acquaye et al., 2014; Koh, 201« All All All
Zhu et al., 2012; Walker et al
2008; Hervani et al., 2005



1.3The proposedcientificmethodologyof this research

The chosen methodologygritical realism andoostpositivism vision) resides in ahree stage
mixed-method approacthat responds to theethodological gagpin the area of RGFT/RGSCM
Firstly, there is aneed for mixed methods research in GSCM/GFT (FaHl6; Dubey et al.,

2015; Chouwdhury & Hossan, 2014; MoliAaorin & LopezGa mer o , 2014; OO0 Rou|
Golicic & Davis, 2012; Zhu et al., 2012; Seuring, 20Bdychogios and Priporas, 2007; Mangan

et al., 2004; Creswell, 2003; Christy and Wood, 1999%daman, 1999)Secondly, there is a

need of mixed methods research in relation to analysing resiliency performance in supply chains
with tangency to RGFT/RGSCM (Hohenstein et al., 2015; Qazi et al., 2015; Kilubi et al., 2015;
Tabrizi & Razmi, 2013; Pettittal., 2013; Cadden et al., 2013hirdly, the literature claims for

the development of frameworks that make wafequantitative based modelling & decision
support iNnRGSCM/RGFT (Heckmann et al., 2015; Qazi et al.,, 2015; Tattichi et al., 2015;
HuertaBarrientos et al., 2015; Seuring, 2013; Wu & Olson, 2008; Craighead et al., 2007,
Srivastava et al., 2007; Chan & Chan, 2006; Fleisch & Tellkamp, 2003; Lee et al., 2002: Simchi
Levi, 2000);Fourhtly, the eated literature stipulateébe need of mixed methods when analysing
systems that include environment, society and esgsgeem innovation/practice diffusion
quintuple helix (Soosay & Hyland, 2015; Smith & Rupp, 2015; Sounders et al., 2015; Power &
Gruner, 2015; Deacon et al.,120) Storer et al., 2014; Soundararajan & Brown, 2014; lofrida et
al., 2014).

In this context, the following research approach is being adopted by this thesis:

Stage one Qualitative exploratory interviews at the institutional level (N=6, one in each
different country from SEE) to consolidate thearcditerature findinggfrom SEE)and
to enable a more targeted approachStage two

Stage two Qualitative (exploratory) and quantitativeoffirmatory semistructured
survey across the six SEE countries (N=311) at the institutional (iestland explore:
RGFT/RGSCM practices and their implementation status, drivers & barriers to
RGFT/RGSCM implementation, KPIs used to monitor RGFT/RGSCMvaltignessto
implementRGFT/RGSCM)



Stage three
i Part one Exploratory andconfirmatory qualitative focus groups (N=3) to
provide more insight intoStage twoin Greece only and to leverage the
institutional level findings to a stakeholder/quintuple helix mesosystem level.
T Part two Modelling andsimulation of institutional level supply chains todsir
proposing a quintuple helix framework (as confirmed/exgaan Stage thre®art
ong for the implementation of RGFT/RGSCM during weathetuced

disruptions.

1.4 Research findings amahplications

The findings emerged after the three methodological stageglprgood incentives to extend

the academic literature in this related field (within the quintuple helix mesosystem from South
East Europe).The overall consensus that emerged is that RGFT/RG$UiNg weather
induced disruptionsan be indeed achieved only throughceeation and goatlignment at the
quintuple helix mesosystem levéhs such disruptions affect the entire quintuple helix
mesosystem, not only the supply chain®)e following academic inquiries and theories have

beenexplored and informed

1 Arguing for the convergence of EMT, CAST, DIT, INT and ST towards providing an
integrated research framework for RGFT/RGSCM implementation within quintuple helix
mesosystems. This is the core novelty of tesearch and has beachievedoy building
upon the wdk of Carayannis Barth & Campbell(2012) in a manner in which it also
responds to the RGFT/RGSCM methodological approach gap mentioned in section 1.3.

1 Explorationof the EMT by filling the research gaps in terms of the need for multi
stakeholder ca@reation, tansformation/modernization, and impact among institutions
and stakeholdens relation to RGFT/RGSCM implementatigdamalahmadi & Parast,
2016; Nooraie & Parast, 201Brancis & White, 2016; Choudhury et al., 20Mari et
al., 2015; Rajesh & Ravi, 201Kim et al., 2015; Durach et al., 2015; Barosso et al.,
2015; Peera et al., 2015; Mensah et aD15; Gilly et al., 2014; Kristianto et al., 2014;

10



Scholten et al., 2014; Carvalho et al., 2012; Zhu et al., 2012; Lendaitlet al., 2011;
Burnard & Bharma2011; Christopher & Peck, 2004).

Explorationof the DIT by confirming the need for (fal®GFT/RGSCMecainnovation
scaleup from the institutional level to the mesosystem/stakeholder level as well as by
reasoning the adoption pressures/drivers @madcesi transformative against disruptive
(Zhu et al., 2012; Moore & Westley, 2011; Atwell et al., 2008; Jacobsson & Brgek, 2008;
Walker et al., 2006).

Exploration of CAST by confirming/explaining the concept of institutional
interconnectedness withinamosystems/stakeholder groups towards enabling better eco
innovation adoption under specific KPIs (Kamalahmadi & Parast, 2016; de Siqueira et
al., 2015; Choudhury et al., 2015; Kim et al., 2015; Cardoso et al., 2015; Braodes

et al., 2014; Wieland & \Mlenburg, 2013; Mandal, 2012; Blackhurst et al., 2011; Petit et
al., 2010; Falasca et al., 2008; Craighead et al., 2007; Tang, 2006, Christopher, 2004).

Explorationof the INT and ST by confirming and exploring tdpwn and bottorup
pressureso RGFT/RGEM ecainnovation adoption/implementation (lvanaj et al., 2015;
Hsu et al., 2013; Hu & Hsu, 2010; Ninlawani et al., 2010; Mont & Leire, 2009; Seuring
& Muller, 2008; Walker et al., 2008; Srivastava, 2007; Chien & Shih, 2007; Wright &
Elcock, 2006; Tsoulfag Pappis, 2006; Yalabik et al., 2005; Evans & Johnson, 2005;
Eveloy et al., 2005; Handfield et al., 2005; Widmer et al., 2005; WEEE, 2003).

Finally, exploring how RGFT/RGSCM can be implemented institutionally and at the
mesosystem level (in SEE with threain focus on Greece) under a quintuple helix
approachi where the key message that has been revealed is that quintuple helix co
creation, goal ah KPI alignment of all stakeholders and capacity to transform-(eco
modernize) of institutions are the key eleab of fast ecannovation (RGFT/RGSCM)

diffusion and implementation.
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Secondly, this research provides industry with gaintuple helix framework for the
implementation of RGFT/RGSCM by revealing SEE lemgblorations(with an ultimate focus
on Greece) of: RGFT/RGSCM ptaes that can be used, drivebgyriers and guidelines for the
use of modelling and simulatidgaols (all these for confirmed weath@duced disruptions)his
will ensure prper standard compliancepublic/environmentalacceptance and financial

efficiency.

Thirdly, through the focus groups (targeting Greece), quintuple helreaiions have been
triggered, enabling a better mutuadenstanding and goal alignmeénin full coherence with the
policymaker s6 visions (ensuring thus that policy
devising suitable policies and allocating resourcesprimarily centred around the smart

specialization areas).

Finally, societal/lenvironmental organizations wié integrated more in the quintuple helix
deci sion making (especially following industr
fewer environmental damages and a long term motivated and actively involved society that will

co-create their envimmentally sustainable surroundings.

1.6 Limitationsnd further research

The main limitations of this research congwtmarily, of the flexible rigorousness regarding the
triangulation process (which is pertineiot most research in this arem) the sense that full
triangulation implies the implementation of fully integral and separate investigations which are
then compared (Faisal, 2016; Dubey et al., 2015; Chouwdhury & Hossan, 2014;-Rizdiria

& LopezGa mer o, 2014; 00 R & Davis,e2012; X0etnd,; 200& Bergnan, ¢
2008; Bazeley et al., 2004). However, the current research used themeieoll approach to
compensate the limited research in this area by adopting a widely exploratory strategy (with
partial quantitative and qualitae confirmations). Secondly, expert samplingStage oneand

Stage threés pertinent to a certain bias and isolated clustering of the research findings. Thirdly,
the qualitative analysis part 8tage onendStage thre¢following inductive content alysis) is

highly biased on the transcript interpretation capacity of the primary researcher and may also

have led to certain inaccuracies (Heckmann et al., 2015; Qazi et al., 2015; Tattichi et al., 2015;
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HuertaBarrientos et al., 2015; Seuring, 2013; Wu @son, 2008; Craighead et al., 2007,
Srivastava et al., 2007; Chan & Chan, 2006; Fleisch & Tellkamp, 2003; Lee et al., 2002: Simchi
Levi, 2000). Furthermore the overall assumptisrof the proposed theoreticblameworkare

high level and have been deveddl widely through an exploratory strategy with very limited
confirmation. Still, the findings obtage twaconfirm core parts that overcome these limitations.
Finally, regardless of the confirmatory natureStdge twaand of the second part 8tage thre,

the findings may be subjected to validity claims due to the lack of information/knowledge on
these concepts by the targeted sanfplach may reduce the validity of the findingspverall,

these limitations have been mitigated through the partial triangulation and through the

representative nature of the expert samples.

In this context, dirther research required to extend and furtheestigatethe findings of this

research couldomprise of:

Replicate the methodology utilized by this research on other (or similar) quintuple helix
mesosystems in order to cresaidate the findings and build up scientific value for this
approach at a higher granularity level in order to propedgess (via integrally
performed mixeegmethods) the validity and influence of each of the five theories (EMT,
DIT, CAST, INT, ST) when it comes to explaining RGFT/RGSCM implementation

within quintuple helix mesosystems.

Provide an answer for the remainipgpblematic gaps in the field of EMT, DIT, CAST,
DIT, INT and ST such as: differentiation between strong and weak EMT and its impact
on dematerialization vs supramaterialization in a circular economy context, the role of the
environmental flows ideologythe role of localized interactions, the role of panarchy

governance

1.7 Academic, mactical, policy and societahpactof this research

The impact (ugo-date) of this research consists of:

1 one article preselected for publication in the Journal Gfeaner Production (Impact
factor: 3.844);
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1 the acquisition of two new EU funded projects (TrainERGYEnergy efficient
operations and REINVESI Sustainable freight transportation in EU & India with total
value of 700 000 EUR);

1 the establishment of the Ppte Helix Association Chapter of Greece as local chapter of
the global Triple Helix Association initiated by Prof Henry Etzkowitz at the University
of Stanford (USA);

1 the establishment of the local branch of the UK based Advanced Resource Efficiency
Centre(AREC) (quintuple helix cacreaion for resource efficiency);

1 Indirect impact through dissemination and multiplication of the results:

0 Integration of the research findings in the teaching curriculum of the University
of Sheffield international Faculty,ICY College(BSc and MSc level);

o Participation (with full submissions) to 13 relatednferences (during 2
2016)i details can be founich Appendix E.

1.8 Thesisstructure

Thechapters of this thesis will follow such as:

1 Chapter 2 presents tisgstematiditerature review. The chapter is initiated with a review
of theoretical foundations related to RGFT/RGSCM under the influence of EMT, DIT,
CAST, ST and INT. The purpose of this initial review tes properly explain the
foundations of the five ain theories (EMT, DIT, CAST, INT, ST) and to show how the
CRQs and TFT Pillars have been derivedrthermore, a systematic literature review is
being perfomed on a wide range of academasources in the area of RGFT/RGSCM in
order to understand how such literature relates to the five main theories (as well as to
refine/focus theCRQs, OBs and TFT Pillarsof the thesis).In order to perform the
systematic review, a series of research typses (RH) related to the CRQs, TFT Pillars
and OBs have been devised.

1 Chapter 3 and Chapter 4 present the methodological explanations required to perform the
primary researchirstly, the research philosophy and design of the three main stages is
preented, followed by a critical analysis of the findings of each stage in relation to the
CRQs, Pillars and OBs.
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1 Chapter 5 provides the critical analysis and discussion part by bridging the outcomes of
the three research stagesa critical integrative marer towards retrieving the final
outcomes of the primary research outcomes in relation to the CRQs, Pillars and OBs.

1 Chapter 6 (conclusion) provides the final remarks of this research together with the key
limitations, furtherresearch and impact discussion.

1 Finally, the thesis continues with the enenation of the references utiéid throughout
the entire analysis as well as with key appendices that provide additional supporting

materials to be used in order to gain a betteterstanding of the presented facts.

Additionally, the graphical aids included in this thesis provide a good reference for visualizing
the research and knowledge elaboration process in a step by step manner. For example, all the
figures are used to exjtethe following facts:

1T Providing insights into the theoretical a S
Figure 5 and Figure 7.

1 Showing how all the five theories interact, overlap and converge: Figure 2, Figure 3,
Figure 4, and Figure 6.

1 Explaining the systematic literature review approach and relating all the concepts used in
the thesis to drive the research (OBs, CRQs, TFT Pillars, RHs): Figure 8, Figure 9, Figure
10 and Figure 11.

1 Depicting the key outcomes of the systematic literatekgew: Figure 12, Figure 13,
Figure 14, Figure 16, Figure 18 and Figure 20.

1 Showing how the systematic literature review responds (and to what extent) to the CRQs,
OBs and TFT Pillars: Figure 15, Figure 17 and Figure 19.

1 Explaining the key stages ofelmethodology: Figure 21, Figure 22, Figure 23 and Figure
33.

1 Displaying the outcomes of the modelling and simulation stage: Figure 24, Figure 25,
Figure 26, Figure 27, Figure 28, Figure 29, Figure 30, Figure 31, Figure 32, Figure 34
and Figure 35.

Similarly, the findings boxes are used only in the systematic literature review part of the report in
order to better emphasize the key outcomes of the review in terms of their connection with the
five theories (EMT, DIT, CAST, INT and ST). Finally, the tabpgsvided in this thesis provide
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key aggregated data and are used primarily in the data analysis sections to report key results and

findings.

1.9 Summary

The key points that need to be acknowledged before proceeding to the thesis are:

1 Before proceeding teead this thesis it is highly advisable that the acronyms and list of
terms section is consulted.

1 The understanding of the research background and aim is highly importnat: weather
induced disruptions must be overcome via the adoption of RGFT/RGSCM fdr thinsc
research proposes a framework based on the convergence of EMT, DIT, CAST, INT and
ST under the quintuple helix model via a three stage rmxetthod research.

1 The already (partially) confirmed impacts of this thesis support the relevance of this
resarch.

1 The role of the graphical aids is highly important as all diagrams, tables and bexes ar
connected towards providing abstractions of the key findings at various points in the
thesis development.

This chapter adopted an introductory nature by ipiog an overview on the entire research that
has been performed in order for the reader to gain an initial understanding of the contextual
complexity of the research areéas well as to provide a guidance of how to approach the thesis.
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Chapter 2: Literature Review

2.1 Introduction to the literature review and to the social science epistemology

Resilient and green freight transportation (RGFT) asdssdipline of resilient and green supply
chain management (RGSCM) is a recent fieldeskarch and practice that extends the traditional
work of parallel disciplines focusing solely on green supply chains management (GSCM) or
supply chain risk management and resilience or even core operations research with applications
in supply chain manageent (i.e. lean operations). For this purpose, a pioneering work
performed by Ahi & Searcy (2013) positions nowadays supply chain management in the context
of its mandatory environmental sustainability within the triple bottom line with core emphasize
on the need for (resilience and) responsibility towards the entire stakeholders impacted by the
supply chain (Zhu & Ruth, 2013; Azevedo et al., 2013; Koh et al., 2013; Shi et al., 2012; Bai et
al., 2012; Carvalho et al., 2011; Stonebraker et al., 2009; Kah,&007). The same view is
strengthened later on by Govindan et al. (2014) which take this work further and analyses supply
chain management from the point of view of the lean, green and resilience paradigms and
demonstrate how these three paradigms lagpesitive impact. The entire debate on RGFT and
RGSCM takes place under the framework of the two core drifresource efficiency ral
environmental impagtof environmental sustainability outcomes (Wong et al., 2016; Fallah et
al., 2015; Torabi et al.®@5; Cardoso et al., 2015; Genovese et al., 2014; Koh et al., 2014;
Ketikidis et al., 2013; Govindan et al., 2014; Bell et al., 2012; Shi et al., 2012; Sarkis et al, 2011;
BareselBofinger et al., 2011; Sarkis et al., 2008which provide thus a core doton for
pursuing resilience outcomes solutiomssource efficiency in closed loop supply chaamsl

environmental footprint reduction.

Furthermore, recent studies show that resilience (in green freight transportation and green supply
chain management¥ increasingly become related to: its impact and synergy with ecosystem
stakeholders industry, policy, society, environmer@vindan er al, 201@iabat et al., 2015;

Zhu & Ruth, 2013; Carayanni8arth & Campbell, 2012; Carayannis & Campbel, 2010) and
that, innovation propagation from institutional (local stakeholder) to the entire ecosystem
becomes the key to ensuring the intended environmental outcdnessles resilience (Zhu et

al., 2012; lvanon dl., 2012; Van den Berg, 2011; Folke et al., 2010)
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It is thus of core importance that all the research on RGFT and RGSCM is focused along the
strands identified by the literature and practice. These research directions for RGFT and RGSCM
are indeed besficial, however, in order to properly grasp the theoretical underpinnings that drive
and explain advancements in this field, it is critical to identify social science theoretical

frameworks (organizational theoriepistemologiesthat explain these event

Organisational theories (social science theoretical frameworks) are statements of relations among
concepts within a set of boundary assumptions and constraints (Bacharach, 1989). Basically,
organisational theories are used to enable researchers odonatoncrete and guided aspects

rather than being diverted by the complexity of any system.

The literature provides significant number of such theories that could be used to explain the
behaviour of facts (such as RGHThowever the most emblematic rewi of the application of

such theories in GSCKIncluding thus RGFT/RGSCMyas performed by Sarkis et al. (2011).
According to the author, the theoretical contribution of the supply chain management is very
limited with several tangent research strandsoperations management (Shi et al., 2012;
Ketchen & Hult, 2007; Etzion, 2007) and with most of the remaining research residing in the
social science areas not related to organizational behaviour (Tang,i2@Hgling to a severe
research gap in the fieldf &SCM (and implicity RGFIRGSCM. Some of the theories
identified by Sarkis et al. (2011) as applicableRGSCM/RGFTresearch are: complexity
theory, ecological modernization, information theory, institutional theory, resource based view,
resource dep&lency, social network, stakeholder and transaction cost econétowsyver,as it

will be shown,the core of the literature seems to point towards towards the use of EMT, DIT,
CAST, INT and ST in relation to researching RGFT/RGSCM.

Nevertheless, RGFT inips much more than GSCM especially if the context mentioned in the
beginning of this section is to be considered (the impact on society and stakeholders, scalability
of the solutions om institutions to ecosystemand thus, additional theoretical foutidas

apply. For this purpose, theories such as complex adaptive systems (which encompass resilience)
and the diffusion of innovation theory have been identified as core fundaments that drive this
search (as it will be shown in the upcoming sections). cine of this research resides in the

ecological modernization theory (EMT) with support of further understanding from the diffusion
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of innovation theory (DIT), the complex and adaptive systems theory (CAST), institutional
theory (INT) and stakeholder thgo(ST).

The literature review chapter is structured as the following (two main pasection 2.17

organizational theorieg¢social science epistemolog@nd section 2.3 systematic literature

review):

T

T

Section 2.1.1 provides an overview on thiganizational theories that influence this
research (EMT, DIT, CAST, INT and ST) in order to provide an overarching approach to
these matters. Then, the upcoming section discuss each, in,dle¢aflse theories: 2.1.2
(EMT), 2.1.3 (DIT), 2.1.4 (CASTR.1.5 (INT and ST).

Section 2.1.6 presents how the five theories overalp in terms of gaps, research questions
and general inquiries and how the converged research questions (CRQs) of this thesis
have been derivedSpecifically, each of the five theoridsas individual research
guestions (RQs) which, when converged, become CRQs.

Section 2.1.7 presents the theoretical framework of this thesis (TFT) and its assumptions.
Section 2.1.8 presents the summary of the organizational tl{epistemology)part

which triggers the CRQs and the TPlarsof the thesis.

Section 2.2 presents the systematic literature review methodology that has been adopted
by this research.

Section 2.3 presents the actual outcomes of the systematic literature review thahhas bee
developed along the CRQ (from which specific research hypotflieRé$s have been
derived) towards providing sufficient literature background to enhance the necessity and
validity of the proposed CRQs and TFT Pillars.

Section 2.4 provides concluding retkefor the entire review process.

2.1.1 Overview

The ecological modernisation theory (EMT) underpins a core new ideology towards sustaining

growth in simultaneous awareness of environmental protection and is deemed to be the core

influencing theoretical fundament of this thesis. This chapter of thestissiusses in depths the

EMT by focusing on its primary theoretical fundaments and research debates. The EMT is the

main theory influencing this research under the following assumptions which will be

scientificallyexploredtowards providing contributioto the existing research:
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The EMT is a core driver for industrial and societal growth and the resilient and green
freight transportation (RGFT) social ecosystem (which is a quintuple helix ecosystem:
industry, research, policy, society, environmenghich points towards an
environmentally sustainable growth with clearly perceived benefits.

The EMT within the RGFIRGSCM social ecosystem is highly influenced by the
diffusion of innovation theory (DIT) by relying on the DIT to explain how EMT
induced behaviour is being adopted within the RGFT social ecosystem.

The RGFT social ecosystem requires the complex (and adpptistems theory (CAST)

to explain how resilience is being achieved. However, as the RGFT social ecosystem is
integrated within the EMT underpinnings, the seeamlogical reorganization explained

by the CAST towards achieving resilience, becomes thgkjyhinfluenced by the EMT
principles. At this point, the ereorganization/transformation/resilience seape from
institutional level to ecosystem level will be explained through the institutional theory
(INT) and stakeholder theory (STHigure 1 displgs these facts by putting into scene all

the five theories.

INDUSTRY RESEARCH POLICY SOCIETY ENVIRONMENT

Figurel: High level overview on the theoretical foundation assumptions
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One of the core influencing studies that combines EMT and DIT (in transition economies) was
performed by Zhu, Sarkis and Lai (2012) in relation to green supply chain management (GSCM)
and innovation diffusion in an ecological manner for improved organizational performance. The

study adopts and tests two core propositions:

Proposition onefiGSCM nnovation adoption can be categorized into varying levels of
adoption among various manufacturerg
Proposition two:fiManufacturers with higher levels of adopting GSCM attain better
performancé ( Zhu et al ., 2012, pl73)
This approach provides, thus, a comportunity to further extend the theoretical contribution
towards EMT and DIT in the transition region of South East Europe (which is the target of this

research) with the core focus on RGFT social ecosystem as a subset of GSCM.

Another key series of stlies that drive this research reside in the highly cited work of Folke et
al. (2010) and Walker et al. (2006) which combine CAST with EMT in order to explain DIT and
reason how crises (such as disruptions in freight transportation) could serve as dmsottun

innovate in an environmentally sustainable manner:

fiTransformational change at smaller scales enables resilience at larger scales. The
capacity to transform at smaller scales draws on resilience from multiple scales,
making use of crises as wing® of opportunity for novelty and innovation, and
recombining sources of experience and knowledge to navigate ismciklgical
transitonso0 ( Fol ke et al ., 2010)

Taking this CASThased transformation from institutional level to larger scales (ecosysi#im) w

be performed through knetnow and theoretical direction infused by the INT and ST. Generally,

ST and INT deal with how individual instt ut i ons r e a exogerots pressiaes and o | d e
this is why these theories become critical at this point tdsvanforming on how such
drivers/pressures lead to the seafeof institutional transformation (Sarkis et al., 2011; Ball &

Craig, 2010; Mate & Hall, 2008; Hirsch, 1975). These aspects are discussed in a practical
approach by (Dubey et al., 2015; Govindan et al., 2015; Tian et al., 2014; Gobbo et al., 2014;
Zhu et al., 2012; Darnall et al., 2008; Andrews et al., 2003; Hoffman & Ventrescq, (R0

et al.,, 2015; Chakrabarty & Wang, 2013; Golicic & Smith, 2013; Zhu et al., 2010; Testa &
Iraldo, 2010; Nawroka, 2008; Walker et al., 2008; Chien & Shih, 2007; Hervani et al., 2005;
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Ginsberg & Bloom, 2004; Delmas & Toffel, 2004; Gupta & Piern@)2 Rao, 2002; Chan &
Lau, 2001; Hoffman, 2000),

Finally, the work of CarayannisBarth & Campbell (2012is of core relevance towards
understanding the behaviour of RGFT frameworks by integrating EMT andIRITand ST

into a properly explained CAST &ad ecosystem where knowledge (innovation), practice,
society, policy and the environment (the quintuple helix) are the key decision making factors and

drivers of theoretical advancements:

fiThe Quintuple Helix finally frames knowledge and innovation encibntext of the
environment (natural environments). Therefore, the Quintuple Helix can be
interpreted as an approach in line with sustainable development and social ecology.
AEeonnovati onentarnedpr @e@eaor shi po shoul d be
broader understanding of knowledge and innovation ( Car ayanni s & C
2010; CarayannjBarth& Campbell, 2012).

The upcoming theoretical insights into the EMT, DIT and CAST will highly relate to the work of

the previously mentioned authors as their coralifigs and approaches provide the main

developmental axes for this research.

2.1.2 TheeMTand its influence in understandiRGGFT

2.1.2.1 A social science theory view of ecological modernization

The ecological modernisation theory (EMT) is much more than just an environmentalipiblicy

is the core ideology and theoretical fundament of modern development. The EMT is generally
used as a social science framework to analyze and understand chadgeanaformation
requirements throughout ecological crises with immediate influence on ecological policy making

and growth stakeholder management (Berger et al., 2001).

Initiated in Mid1980s primarily by Joseph Huber (Lundqvist, 2000; Mol, 1995), it gech&o
transcend by the 90s in developmestakeholdes dgendas (policy makers, research, indistry
The core vision of the EMT resides not in the mitigation of the environmental damage itself, but
rather, on the transformation of the entire ecosystiegnawth and development towards a more

sustainable operational behaviour from all points of (ialso in line with CAST, INT and ST)
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For achieving this, all stakeholders (includi

through a direct caredion and mutual transformation (Lundqvist, 2000).

Nonetheless, it is of core importance to analyse the motivation of the growth ecosystem towards
their engagement in the EMT induetdnsformation. For this, the quintuple helix ecosystem

will be considerd (CarayannisBarth & Campbell, 2012

Policy makers targetJob creation opportunities, less societal pressure, compliance to
regulations, economic growth.

Industry targets:New markets/business opportunities, governmental support for such
opportunities, innovation capacity and potential from the target markets.

University: Industry funded research and a fostering policy enabled entrepreneurial
context.

Society:Access to job, prosperity, good living conditions

Environment:Sustainability and responsibility.

I n todaybdés context of a quintuple helix grow
source of change and innovation through transformation which leads to gfowthll

stakeholders.

Following such vision, it is important to understand the underpinning social theory related to
EMT in order to further build on it. For this purpose, emblematic researches performed by Buttel
(2000) and Berger et al. (2001) providerr different social science perspectives of EMT which

according to Revel and Rootherfood (2003) are the core pillars of transformation:

1 EMT as a school of thought or belief system (ideology, governance, social cohesion).

1 EMT as a policy discourse (poli & society) .

1 EMT as strategic management (industry).

1 EMT as innovation or technological adjustment (research, transformation).

Having the four perspectives of the EMT as described by Buttel (2000), it is crucial to emphasize

(as shown in the previodsullet point list) how each EMT perspective relates to stakeholders

from the quintuple helix of Carayannis & Campbell (2000). Nonetheless, similarly as Lundquist
(2000) , Butt el (2000) stress the role of Atr

from a transformation of governmental environmental policies towards more preventive (rather
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than reactive behaviours) which will multilaterally spread within the society and industry, the
environmental policies will finally transgress under the patromdghe market which is much

more rapid and flexible towards changes rather than the government. This is intended to lead to a
different relationship between the state and the society (with more empowered roles for the

society).

Such transf ordmavteroon raomlde Awhai ch depict the soc
is thoroughly explained by Mol (1995) and Spaargaren (1996) specifically in relation to
Schumpeterian theories of |l ong cycl e§l994nd i nn
work onthe four dimensions of modernitybut with core emphasis on the work of Beck (1994)

related to the risk society (as mentioned in Buttel, 2000). Overall, these authors adopt the view

that issues induced by modernization (i.e. environmental) can only lvedsthrough
transformation and through more modernization. More specifically, to achieve this, ecological
practices shoul d be institutionalized wi t
production/consumption, process in which the leading actors shoustiacdly learn, transform

and enable change (Berger et al., 2000).

Furthering this debate, Berger et al (2001) focuses more on the second perspective of EMT
(policy discourse) and emphasize the outbreak of sustainable development movements that
transgressnational boundaries and diffuse towards regionally, transnational and globally
coordinated efforts in this field. The authors argue that such discourse has significantly
influenced the other three perspectives of the EMT towards becoming a globallynétyor
recognized developmental theory, which recently has become more formalized and
institutionalized. However, the core element conceived by the authors resides in the process of
ideological transformation (Buttel (2000), Lundquist (2000), Mol (1295)

Besides the above mentioned supporters, the EMT faces certain critiques. One such critique
challenges the theoretical framework of the EMT with core underpinning in social science
fundamentals. Specifically, Connelly and Smith (1999) argue that the EMM e&mblematic

image of capitalism and of western civilization which aims to induce global development at their
own pace (rather than enabling other ecological mechanisms). In a similar approach in an earlier

study, Christoff (1996) triggers the problemrefyional policy making related to EMT which
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leads toi the so called i we ak 0O EMT i n i ndustriali zed nat.

industrial and governmental approach (this relates to the third and fourth pillar).

Furthermore, focusing on the policy discourse of the EMT, Berger et al (2001) identify
additional critiques and weaknesses of the EMT. Such critiques have to do with modernity and
rationality of the EMT discourse in the sense that the conflict betweerraeomains and
environmental sustainability are rarely mentioned which often leads to segregated efforts
towards EMT implementation and development. Similar EMT discourse and school of thought
critiqgues (first perspective) are also discussed by Reitan8)1®8ich focuses on the social

contradictions fostered by EMT communication and interpretation.

To identify even more critiques of EMIT the highly cited research of Fisher and Freudenburg
(2001) identifies research clusters that focus on Hiiltations The core pillar of the EMT
resides in (technological) innovation as a source of solving ecological crises. Such an approach
had a considerable number of critiques in the early days of capitalism and technological outburst,
however nowadays, technology aimhovation are linearly linked and thus the EMT does not
encounter such downsides. Secondly, EMT infused governance will lead indeed to a modernized
governance as well, however, increased pressures from nongovernmental and environmental
associations willourden policy makers in this process (Mol, 2000). Similarly, Buttel (2000)
strengthens these critiques by arguing that the EMT lacks a well defined set ofipbkirsy

rather adapted/interpreted in different ways by different actors.

Finally, in orderfor the EMT to be implemented, research (Pellow et al., 2000; Mol, 1995)

shows that transformations will take place at each institutional sphere related to growth:

1 Policy making (based on industgpvernment collaboration)
1 Market and economic networks

1 Social networks

This view isconsistenwith Carayannis & Campbell (201@nhd Carayansi Barth & Campbell
(2012) which adds value to the claim that the quintuple helix ecosystem for EMT requires
quintuple tier transformation and -coeation in order to uterpin the social science theoretical
advancements of the EMT (however, in this césahe research/scientific pillar is not

mentioned).
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Furthering this claim, a more recent advancement of the EMT from a social science theory was
performed by Horlings aniflarsden (2011). The authors show that for the application of EMT
with real capitalized outcomes (in this cési the field of agriculture) a constant c@reation

and transformation of society, policy, market/spatial and culture are required. The core
innovation in the authors metresides in the proposal of anotlperspective (science/research)

of the EMT framework. This is totally in line with CarayannBarth & Campbell (2012
quintuple helix mode which fosters EMT theoretical frameworks. Thexeothrer core recent
researches that also support the social science framework of the EMT in the direction promoted
by Carayannis & Campbell (2010), such as Bai et al. (2012), Shi et al. (2012), Kitchen and
Marsden (2009), Frissen (2007), Marsden et all@2®hu et al. (2012), Bayraktar et al. (2009).

Finally, York and Rosa (2003) underpin key research challenges for the EMT from a social
science perspective. Firstly, a core research limitation of the EMT resides in the lack of sufficient
explanation riated to the modernity of stakeholders and their impact on ecological modernity
(co-growth). Secondly, most of the existing EMT case studies are not based on core stochastic
processes and also do not provide sufficient evidence of the frequency of theedlmagcomes.
Thirdly, the analysis of the research related to deepening the EMT should be done on the entire
ecosystem and not on individual actors (i.e. only on government or industry). Lastly, specific
theoretical contribution mustexplore the EMT by analysing the balance between

supermaterialization and dematerialization.

2.1.2.2 The EMT in the contexR&FT

Resilient and green fight transportation (RGFT) is an emerging fialdd lacks any unilateral
explanation within the vision of one siegbocial science theory. This is the reason why, this
thesis will assert to investigate how RGRGSCMcan be explained throudive socid science
theories (EMT, DIT,CAST, INT and S7). For the purpose of the EMT, it is notable to mention
that RGFT is aubset of the larger group of green/sustainable supply chain management which
has indeed, significant work from a social science point of view (specifically related to EMT).

Thus, from an EMT point of view, the challenge of RGFT is a subset of envirorr{argeeen)
supply chain managemeriRGSCM). According to the core work performed by Berger et al.
(2001):
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f..., one important issue for (EMT) research is to add a social science perspective to the

processes and dynamics of environmental supply chaingearent 0

This is highly approved by other research as well since in most of the cases, ecological practices
within supply chain management have usually been assessed under the lenses of economic
benefits and often lacks a social science perspective (Berger2Q;, Hall, 2000; Zhu et al.,

2012).

To begin with, according to (Berger et al., 2001) the EMT influences GSCM in three main ways:

Diffusion of environmental practices within the integrated chdM$, ST)

Diffusion of technological innovations withinghintegrated chaindNT, ST)

Inclusion of a wider range of supply chain actors in the decision making prot@sbes
ST)

Nevertheless, one pioneering work in the field of EMT influenced GSCM resides in the work of
Sarkis (1999) in terms of its circulamovement of resources philosophywhich nowadays
became one of the core topics of transnational EMT governatieecircular economy concept

in which the EMT philosophy is implemented through at its full potential (EU, 2015).

Finally, following the pioeering work of Sarkis (1999) but with more recent studies, Zhu et al

(2012) provide an halepth analysis on the levels in which EMT influences GSCM.

Firstly, the authors are in the same line with the previous research in relation to EMT by
believing thatenvironmental issues can be tacked by ensuring resource efficiency through soft
(optimizations, cecreation) and hard (equipment) technological innovations. What should be

noted in this case is that this is the core research where technological inn®vaigmtioned as

a solution (as compared to the previous work in which such measures were related to
Atransformati ono. Secondl vy, Zhu et al . (20172
opportunities and not as solutions for GSGMaspect which is also osistent with related

research (Berger et al., 2001; Revell, 2007). Finally, the authors provide the first attempt to link

and demonstrate how the DIT influences the EMT by testing related hypotheses specifically
related to the Chinese market. Their reskegorovides core fundament for the current thesis

which will adopt such approach for South East Europe.
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2.1.2.3 Current status of EMT in RGFT and research questions for the EMT social theory advancement
Overall, the literature on EMT as a socsdience theory has emerged from its main idea
underpinned in the 80s by Huber, Simonis & Janicke, then transcended towards the 90s as a
policy implication tool (Mol 1995; Spaargaren, 1996). Furthermore, around 2000, the EMT
became recognized as a multitaleframework to some extent related to GSCM (as a school of
thought, policy discourse, strategic management and innovation/technological adjustment
(Buttel, 2000; Berger et al., 2001; Lumdquist, 2000; Hall, 2000; Sarkis, 1999)). However, the
actual indegh analysis of the EMT and its relation to innovation (as an inner source and
opportunity of crisis resolution through soft & hard innovation) took place later on through two
phases: transformation of (quintuple helix) stakeholders (and the way theytingmd only

then the actual innovation stage (Rootherford, 2003; Yotk & Rosa, 2003; Horlings & Marsden
2011 Frissen (2007); Kitchen and Marsden (2009), CarayarBésth & Campbell (2012
Marsden et al. (2010), Zhu et al. (2012)).

Following this analysis, the literature gaps which drive the research questions in relation to EMT
as a foundation for RGFT towards providing social science perspectives as a framework, are:

RQ1.1: How do theconsolidated EMT pillars apply to and expl&® GFT ? (Bergeet al., 2001;
Zhu et al., 2012)EMT as a school of thought or belief system (ideojogyvernance, social
cohesion); EMT as a policy discoursépolicy & society); EMT as s$rategic management
(industry);EMT as innovation or technologicatljustment (research, transformation).

RQ1.2 How can the quintuple helix ecosystem for growth (including RGFT) foster more
Aistrongo EMT i mplementation rather than fiwea
Barth & Campbell, 2012

RQ1.3 What tranformations and careation are required to help stakeholders overcome EMT

implementation for RGFTIYanaj et al., 2015; Hsu et al., 2018prlings & Marsden, 2011,
CarayannisBarth & Campbell, 201)2?
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RQ1.4 To what extentlo stakeholders modernize & transform themselves (is there a correlation
between ecological modernization implementation and institutional modernizatibnjp@y( et
al., 2015; Govindan et al., 2015; Zhu et al., 204@k & Rosa, 2003)

RQ1.5 What is te effect of EMT implementation on the entire ecosystem, rather than on
individual sekeholders ?§ubey et al., 2015; Govindan et al., 2015; Tian et al., 2014; Gobbo et
al., 2014; Zhu et al., 201ZarayannisBarth & Campbell, 2012vork & Rosa, 2008

RQ1.6 Does the EMT implementation lead to dematerialization or supermaterialization ? (York
& Rosa, 2003)

RQ1.7: How does the DIT properly explains the adoption of EMT by RGFT stakeholders ? (Zhu
et al., 2012; CarayanniBarth & Campbell, 2012

2.1.3TheDITand its influence in understandiRGGFT

2.1.3.1 A social science theory view ofitie

The diffusion of innovation theory (DIT) was firstly introduced by Rodgers (1962) in order to
explain how innovation communication and adoption takes places over time within a social
ecosystem based on four main elements (the innovation, the diffusionetidmuman capital

and the characteristics of the ecosystem). This theory provided significant influence over the
years towards understanding how innovation propagates and enables growth, stability and
prosperity of ecosystems. For example, a highlydcggstematic review over 25 years of
research publications in related journals performed by Meade & Islam (2006) proves once more
the interest and the strong research clusters on the DIT advancements across various domains.
The innovation adopters withim&cosystem have been categoribgdRodgers (1963) and by a
similar pioneering structure (related to GSCM ecosystems) which was adopted more recently by
Zhu et al. (2012) into four categories: innovators, laggards, early adopters, early majority and
late majority. This categorisation plays a crucial role in understanding innovation flows
specifically in relation to researching RGFT in which the need for resilience is solved by an eco
innovation (either performed by an innovator or adopted from an innyvato
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The DIT & EMT (under the keyword of edonovation) have been studied-depth by the
pioneering work of Rennings (2000) which provides an overview of #Milienced
innovations and how do they affect ecosystems. The author definganewation as he
measures performed by stakeholders (in line with CarayaBarth& Campbell, 2012, 2010) in
terms of developing new ideas, products, behaviours which respond to environmental
sustainability targets. Such innovations can be organizational, socistutiosal, and
technological. This approach is highly in line with the EMT view in terms of ratdkeholder

modernization and eco avolution.

Thus, it is important to understand the role of ecosystem stakeholders towards providing an
insight into howthe DIT and EMT influence GSCM and RGFT. For thigpose, the work of
Carayannis, BartB Campbell (2012, 2010) becomes critical:

The Quintuple Helix finally frames knowledge and innovation in the context of the
environment (natural environments). There, the Quintuple Helix can be interpreted

as an approach i n l i ne with sustai-nabl e
i nnovationéntanedpr@é@eor shi pbo shoul d be pro
understanding of knowledge and innovadion ( Car ay &amphbely 20R%0;
CarayannisBarth& Campbell, 2012).

In the above menti@d quintuple helix ecosystem of Carayannigarth & Campbell (2012,
2010), the EMT and DIT intersect towards providing-egwmvation solutions for sustainable
development. Thus, thEMT and DIT provide a careation framework for eemnovation

support for any societal subsystem/microsystem (i.e. GSCM, Ri@Rfe following manner:

1 Diffusion of research, knowledge, innovation by building up human capacity through
academic institutios

9 Utilization of the human capital, knowledge and innovation for market purposes
(industry)

1 The natural environment provides humanity with natural capital and acts as a key
decision making factor which drives knowledge, innovation and human capitahafleim

purposes
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1 The social capital (same as the environment) influences the knowledge and innovation
through cultural specificities and information movement (media).
1 The political system influences and is influenced by all the aboyationed factors in

order to enable a sustainable@eation among them.

This DIT & EMT ecosystem model proposed by CarayariBesth& Campbell (2012, 2010) is

a social ecosystem in which, generally, resilience in any activity will resemble in a CAST
influenced manner (morelaborations are provided in section 2.1.4). Furthermore, the diffusion

of innovation theory plays a critical role in understanding CAST based resilience aspects also.
Another core work that binds CAST and DIT performed by Moore & Westley (2011) aims to
identify whether scaling up (from institutional level to ecosystem level) of innovation can enable
better resilience mechanisms. In such a process, the transition of innovations and resilience
mechanisms across disciplines seems to be inherently necestais/tHus of core relevance to
strengthen the argument that EMT based innovations can transform to provide better resilience
mechanisms in CAST based systems (Holling, 19#8pre details about the interrelationship of
EMT, CAST and DIT are provided isection 2.1.4. To this end, the authors (Moore & Westley,
2011) clearly differentiate two types of innovatiaransformative innovation (intervention) that
scales up within the CAST based ecosystem panarchy as a response to a crisis/opportunity
(usually wndertaken by innovation adopter@hd dsruptive innovation (usually performed by
innovators) that takes place within the boundaries of DIT (Atwell et al., 2008; Walker et al.,
2006)

However, for the purpose of RGFT, from a social science point of Viloih types of
innovations are applicable (transformative & disruptive) as the RGFT is inherently CAST
influenced as well as DIT and as it will be explained later on, both crises that lead to
transformative innovatioalso discussed in INT and S&% wellas unforeseen (technological)
breakthroughs that lead to disruptive innovation can take place.

Finally, the research performed by (Jacobsson & Brgek, 2008) summarizes various gaps related
to the DIT in tangency with EMT and CAS from which the core omérmt to this thesis is the

one related to the limited understanding of innovation sgalecross ecosystem levels.
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2.1.3.2 The DIT in the contexR&FT

The DIT plays a critical role in understanding resilience in GSCM (and implicitly in RGFT)
especially in the moment of disruptions where innovative EMT based practices should be
adopted within ecosystems in order to selfpt. For this purpose, one of the core articles that
relate DIT with GSCM is provided by Hervani et al. (2005) which ardnae the ability &
resources (financial, staff, knowledge, monitoring) of an organization as well as exogenous
ecosystem related pressures to foster EMT based innovations are critical for a proper diffusion of
innovation across the ecosystem (Florida etZ000; Sharma, 2000). This is highly consistent
with the localized interactions that scalp in the CASTbased panarchy concepts that will be

discussed in section 2.1.4.

To the same extent, a more recent pioneering study performed by Zhu et al. (2€8i@hgpo
EMT-based innovation as key opportunities for GSCM challenges (i.e. RGFT) and identifies,
based on the DIT (Rogers, 1995) factors that influence innovation diffusion across GSCM
ecosystems with heterogeneous panarchy actors under the CAST frameSypaifically, the
authors argue that GSCM ecosystems are highly consistent with the core five innovation pillars
(Zhu et al., 2010)Relative advantage (thus, EMT explairgeses within RGFT microsystems

as drivers of innovation can bring competitivdvantage) Compatibility (replicability and
scalability of pratices across a CAST ecosysten@pomplexity (analysed under CAST);
Trialability (consistent with the cycle based nature of CASDsgstems);Observability

(outcome monitoring and performance si@@ment at the ecosystem level)

Furthermore (Zhu et al., 2012) argue that internal and external factorgk@hasociety,
institutions, - thus tangent with INT and $Tput pressure on GSCM towards adopting and
diffusing ecological innovation across tésetire ecosystem. Such factors are basically related to
the other actors of the ecosystem with total alignment with the quintuple helix model proposed
by CarayannisBarth& Campbell (2010, 2012). To this end, the authors propose a framework
for diffusion of innovation within GSCM ecosystems through the Bass model which builds up
the DIT by arguing that innovation diffuses through two channels (Akinola 1986, Kalish and
Lilien 1996, Henderson and Lentz 1996, Fiethal. 2006; Horbach 2008; Albuquerqet al.

2007): Imitation innovation (consistent with thé&ansformative innovation);independent

(internal) innovation (consistent with the disruptive innovation)
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Generally, there is limited research in terms of identifying the direct influence of thevibiih

GSCM (and RGFT) and especially in the field of eg¢onovation (as this is a relatively new
field). However, Zhu et al. (2012) have provided significant research directions that should guide
the advancement of EMT and DIT in relation to GSCM (anplicitly RGFT) and the following

two are core to this thesis: how can-@moovations in GSCM be diffused faster from innovators
and early adopters to laggards; how carriaoovations be diffused within the ecosystem by

relying on the environmental flowdeology (Moland & Spaargaren, 2005).

2.1.3.3 Current status of DIT in RGFT and research questions for the DIT social theory advancement

To sum up, the diffusion of innovation theory (DIT) introduced by Rodgers (1962) in order to
explain how innovatiocommunication and adoption takes within a social ecosystem provides
core insights into how EMinfluenced eceénnovations are infused within GSCM (and
implicitly RGFT) ecosystems as well as how the-gowvation (either initiated or replicated)
required diring a disruption/crisis propagates into the CAST based RGFT ecosystem. Overall, it
is important to understand the core flows of thought related to DIT influence &1 R@h
complements from EMTCAST, INT and ST For this purposerigure 2provides an weerview

on the influence of DIT in RGFby showing how the environment and the other quintuple helix

institutions rely on DIT and coreation for ecannovation diffusion
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Figure2: Impact of DIT on RGFT

Finally, there isgenerally significant research gap in the application of DIT (with EMT and
CAST influences) in GSCM and the systematic literature review has identified the following

research questions provided by the key leaders in this field:

RQ2.1: How can ecoinnovation (either disruptive or transformative) seape across the
ecosystem levels/panarchadvindan et al., 2015; Tian et al.,, 2014; Zhu & Geng, 2013,
Dornfield et al., 2013; Zhu et al., 201Bcobsson & Brgek, 2008)?

RQ2.2 How can transformate (ecojinnovation driven by the EMT (to solve resilience crises)
diffuse faster based on core controlled processes at the institutionalBeetiaCharya et al.,
2014; Green et al., 201Moore & Westley, 2011)?

RQ2.3: How can disruptive (eco) innovah (to solve resilience crises) respond better to the
need of the entire ecosystem (Moore & Westley, 2011; Atwell et al., 2008; Walker et al., 2006)?
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RQ2.4: How can ecdnnovations in GSCM be diffused faster from innovators and early
adoptergINT, ST)to laggards (Zhu et al., 2012)?

RQ2.5: How can ecdnnovations be diffused within the ecosystem by relying on the

environmental flows ideology (Moland & Spaargaren, 2005)?

2.1.4 TheCASENd its influence in understandiRFT
2.1.4.1 A social science timg view ofCAST

For the purpose of this thesis, ecological modernisation is the key social science theory which
drives the research. However, EMT as up to now has limited application in the field of RGFT,
although it is a core influencer of GSCM. Henegplaining resilience in conjunction with
GSCM (and green freight transportation as its subset) becomes highly relevant. The ability to
grasp resilience (as recover mechanism for pre/during/post disruption scenarios) is a dynamic
process as the RGFT egstem is highly multilateral as presented in the previous section which
focused on the EMT. Operating in a quintuple helix environment where ecological innovation is
the key opportunity triggered by crises/disruptions it is of core importance to undergthod

such ecosystem reacts in such scenarios as well as what mechanisms for recovery exist. To this
end, as this section will show, the relevance of complex and adaptive systems theory (CAST) in

relation to EMT is highly relevant to solve the challen§&GFT.

Resilience itself, habeen highly linked with social anécological systems (having roots in
ecology) within the boundaries of CAST and presents considerable challenges for researchers to
underpin its complexity and to measure the effect of the proposed models due to the uncertainty
and uniqueness of each csi®merged within the specific ecosystem (Carpenter et al., 2005;
Holling, 1973). From the CAST point of view, RGFT is indeed a social & ecological system and
there is considerable research on this topic (Gunderson & Holling, 2002; Berkes et al., 2003;
Schéfer et al., 2003). Achieving and measuring resilience is indeed a considerable challenge and
according to Carpenter (2003) and Carpenter et al. (2005), the effectiveness of the resilience
framework resides in the proper understanding of the complex aelaptstem in which the

crisis takes place. To this end, understating such system from the CAST point of view is critical

for the purpose of RGFT.
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In its initial analysis, Holling (1973) the core researcher to underpin resilience in ecological
ecosystemdas initially viewed resilience as the extent to which a system could be disrupted
without changing its state. However, over the years, researchers have bind resilience theory and
systems theory more closer in order to answer even deeper research gjuekited to social
ecosystems. Social ecosystems (where human are involved) became more complex than the
traditional ecological ecosystems, and thus, resilience startedity \bewed as the pace to

which a system returns to its initial (or better) staterad disruption took place (Walker et al.,

2006; Pimm, 1991). For this purpose, the resilience theory became closely linked to CAST.
Furthering this process, and aligning to the sustainable development challenges, resilience in the
context of social ecosyems has been linked to ecological ecosystems in order to enable
recovery in an environmentally sustainable manner of disruptions taking place in social
ecosystems and to this end, the EMT becomes a necessity (Walker et al., 2006; Berkes et al.,
2003; Dagupta & Maller, 2004; Hughes et al., 2005; Folke et al., 2010; Van den Berg et al..
2011).

One revolutionary research (highest numbgcitations) that binds CASTEMT, INT and ST

was performed by Holling (2001) which views cooperation settlemeitkei(golitical, social,
ecological, industriglas complex systems which sedfgulate based on a number of controlling
processes. Such seHgulation (i.e. transformation, resilience) is being done based on historical
knowledge (i.e. events, past cris@nd in this process, heterogeneous actors (i.e. the quintuple
helix actors) perform localized interactions towards achieving the-getftregulation/resilience
(Levin, 1999). This view of CAST is different than another strong research cluster streeajth

by Roe (1998) which argues that sedfjulation in CAST is governed by rather random
processes (due to increased complexity and uncertainty) rather than by controlled processes.
However, this thesis adopts the first view (resilience in CAST can bermgeyd through
controlled processes) and the following review will explain in more details this decision. More
specifically, the CASIbased context of RGFT resides in the quintuple helix ecosystem where
institutional (localized) interactions take place tos& ensuring resilience (and from the
institutionalized interactions the actual controlled processes can be derived). Through

controlled processes, ensuring EMinfused outcomes can also be performed.
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Furthermore, Holling (2001) relies on the concept APanarchyo in which
growth, renewal and restructuring cycles. The challenge at this point is to understand these
adaptive cycles towards identifying their vulnerability points and resilience strategies (Folke et
al., 1998). As identifiedby Holling (2001), one of the first work that investigated the role of
structures and hierarchies (within the concept of autonomous agents -iratitton based on
policiesi not necessarily tegdown approach) was performed by Simon (1974) which arfpa¢s t
CAST can selregulate and achieve resilience if the proper communication among these agents
takes place (thus, proper-ceeation among quintuple helix stakeholders could enable RGFT).
Based on this work, Holling (2001) and Walker et al. (2004) emgththe characteristics that the
adaptive cycles of CAST should have towards ensuring resilience: Adaptability/flexibility of a
system (learning apacity / knowledge managementjiner controllability (key controlled
processes/indicatorsgindinner vulneability control (caj@city to integrate resilience).

Folke et al., (2010) take even further these three characteristics and argue that the inner
controllability should be highly related to transformability and transition towards adaptation
( des pi tseesistansetoehaidge) in order to ensure CAST resilience with EMT influences:

fiSocial ecological resilience is about people and nature as interdependent systems

fiPreventing such an undesired critical transition will require innovation and navelty

These three main characteristics are critical for CAST to ensure the intendeelgskifion

(resilience) which leads to the next key point for CAST related to the work of Schumpeter
(1950). More specifically, the adaptive cycles seljulate (in the vie of CAST) through the
Acreative destructiono process which provides
here is where the EMT and DIT intervene (EMT for guiding the outcome towards ecological
modernization/transformation and DIT for ensuritige proper diffusion of the creative

solution/innovation towards the entire ecosystem).

The same view is also shared by Folke et al. (2010) and Walker et al. (2006) which combine
CAST with EMT in order to explain DIT and reason how crises could serve as opportunities to

innovate in an environmentally sustainable manner:

ATransformational chage at smaller scales enables resilience at larger scales. The

capacity to transform at smaller scales draws on resilience from multiple scales,
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making use of crises as windows of opportunity for novelty and innovation, and
recombining sources of experien@and knowledge to navigate sotidological
transitonsb ( Fol ke et al ., 2010). This view is
of the localized/institutionalized interactions towards diffusion resilience across the

ecosystem.

To this end, it seemgromising to derive the fact that the quintuple helix ecosystem of RGFT
which resembles a CAST reacts towards disruptions/crises in similar ways as the adaptive cycles
of CAST i however based on controlled processes which are driven by the EMT and
diffused/implemented by the DItinder INT and ST

Despite the promising solutions for creative destruction / ecological innovatioratsgifatio,

enabled by CAST, EMTDIT, INT and ST it is fundamentalfor this thesis to denote the
stochastic factors and ents which may induce crises to complex and adaptive systems leading
to severe disorder or complete termination of the adaptive cycles. Such as scenario is not
imaginable and acceptable in the context of freight transportation which is vital for its
ecosytem. However, Holling (2001) has reviewed to a significant extent such factors which
completely undermine CAST based ecosystems. Specifically, the author reveals how such major
cataclysms (i.e. biological, environmental) caused severe damage to the eeabssatem on

Earth million years ago. Similar factors have resided within history in the context of social
disruptions, politics, religionstill, authors such as Berkes (1999) and Folke et al. (1998) claim
that modern ecosystems (based indeed on CASi)(more easily) overcome such stochastic
factors and that rather, disruptions in nowadays governance (either social, political,
environmental, industrial) are an outcome of rigidity and stress accumulated through long cycles
of successNeverthelessas Hollhg (2001) argues, even in such modern scenarios, stochastic
externalities such as weather/natural disruptions/crises can bring ungraspable outcomes in which
the selfadaptation/resilience will take significant amount of timeéespairing thus the involved

ecosystem.

Such stochastic externalities (weather/natural disasters) are the core of this thesis which analyzes
RGFT in relation to weather/natural disasteiduced disruptions, and thus, proposing a model
in which the CASThased RGFT ecosystem sedfjuates in an innovative ecological manner

driven by the EMT and enabled by the DITs of critical novelty.
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Finally, a pioneering articled authored by Van den Berg et al. (2011) introduces a systematic
review of articles pulbdnewhwatdi am arhdke SiEmnive tralnm
specifically in relation to CASTINT, STand DIT influences to EMT research. Some of the key
research gaps pertinent to this thesis identified by this review include: limited research on CAST

and DIT related eological & technological innovation research, limited research on innovation
propagation and its impact within ecosystems and limited research on analysing the transition of

socicecosystems to environmentally sustainable practices.

2.1.4.2 The CAST in the conteRGFT
For the purpose of the CAST, it is notable to mention that RGFT is a subset of the larger group
of supply chain management systems which have indeed, significant work from a social science

point of view (specificallyrelated to EMT).

Supply chain management (SCM) haslepth research and analysis in the framework of CAST
mostly in terms of cost optimization, however less work has been done towards the analysis of
resilience and environmental sustainability withie tBAST framework for SCM in order to
properly understand RGFT. Before proceeding with the core findings of this section, it is of core
importance to reiterate the three main pillars of CAST based resilience discussed in the previous
section: adaptabilityjnner controllability and inner vulnerability control (capacity to foster

resilience).

In order to focus specifically on supply chains, Pathak et al (2007), as a core representative work
in this field, provide an wiepth analysis of SCM from the CAST ipbof view, however,
focusing only on the first pillar of CASbased resilience defined by the core work of Holling
(2001), Walker et al. (2004) and Folke et al. (200.@daptability (and learning). The authors
argue that adaptability of supply chainshighly influences by the interconnectedness of the
supply chain network (microsystem) as well as by the capacity of the supply chains to learn.
Furthermore, the authors argue that within the CAST framework, supply chains are highly
influenced by the outeecosystem in which they @xist and ceevolve and thus, it is of core
importance to include such exogenous constructs in any theoretical proposal related to CAST.
This aspect provides thus an opportunity to include the EMT as a core exogenous dheer of t

wider (quintuple helix) ecosystem in which the supply chain microsystems operate. Finally, the

39



authors argue several limitations of the CAST in relation to SCM adaptability and opens the lead
for further research: how can the exogenous ecosystem bmtter cecreation for the CAST

based SCM microsystem; what are the key SCM decision making factor at the institutional level
and how do they match with the decision making factors at the ecosystem level in order to ensure
prosperity and stability within &£AST framework; how do various cressr supply chain
microsystems interaction among eauther within the wider ecosystem; what are the long term
strategies and policy implication for CAST based SCM. In terms of research methodology
limitations, the adtors have identified gaps in the following areas: systems modelling and

simulation, mixeemethods research and behavioural experiments.

On the other hand, Ivanov et al. (2012) focus on the second pillar of CAST based resilience
(inner control and decisiomaking processes/variables) in the context of uncertainty and
vulnerability of supply chains microsystems and argue that in relation to disturbance and
uncertainty analysis as well as in the real time adaptation control (which are core for CAST
based re$ience) there are significant research gaps such as: limited frameworks that connect
high level strategic planning controls (such as totganizationali and even higher at the

ecosystem level) with lower level (institutional) control models.

Focusing a the third pillar (inner vulnerability control to foster resilience), the representative
work of Zhu & Ruth (2013) position resilient and GSCM within the context of EMT and CAST.
The authors argue that EMT based resilience serves as basis for nowadays @esd
sustainable supply chain management (including RGFT) within an CAST operational framework
(Christopher & Peck, 2004; Petit et al., 2010; Ashton, 2009; Ehrenfeld, 2007). Furthermore, the
authors claim that the resilience of midewel actors (istitutional) as well of as high level
ecosystem overall needs to be significantly improved in order to cope with the pressuring
challenges. What is pertinent to mention though is the authors overlap the CAST based adaptive
cycles and resilience with industt ecosystems while arguing that supply chains are not strictly
based on such cycles. However, there is consistent literature that points towards the fact that
nowadays supply chains are definitely cybblsed as the discussion on circular eooy, and

closed loop supply chains more and more frequently evolving as an emblematic image of
GSCM (Wong et al., 2016, Fallah et al., 2015, Torabi et al. 2015, Cardoso et al., 2015). Thus,

Zhu & Ruth (2013) 6s c {efficiemh andusirial ecomtems | (Wheem t anc
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encompass resilient GSCM and RGFT) are of high relevance towards the social science
contribution of RGFT in relation to CAST and EMT. Even more, the authors, as well as
(Chertow, 2009) viirgentionally engnagarbentlofi ibsyce & mdudtrinle
ecosystems which is in total alignment with Holl.
being done on internal controlled processes (rather than on random elements) and thus resilience
and eceefficient industrial ecosystems agMas in green freight transportation can be achieved

through:

1 Increasingthe environmental benefit (efficiency and reuse under the framework of
EMT in innovative ways through the DITNT and S0

1 Enablingmore cacreation & partnerships among mukivel stakeholders/actors (as
described in CASTINT and SO

In a similar manner related to the third pillar (inner vulnerability control to foster resilience), it is

of core importance to understand how the disruptions that industrial ecosystems (GSCNI, RGFT
face propagate in order to investigate how can the CAST influence RGFT and how can DIT and
EMT influence this process of achieving resilience. According to Bansal and Mcknight (2009),
the core influencer of disruption propagation resides in the lack apfeprsymbiosis (or co
creation) among the muitier stakeholders both with the supply chain microsystem as well as in
the CAST based exogenous systef(tidT, ST) in which it integrates. This is even more
worrisome, as according to Zhu & Ruth (2013), theecand most catastrophic disruption
propagations in supply chains are due to catastrophic and unforeseen events (i.e. weather
conditions, natural disast@mather than the usual ones (partner failure, economic fluctugations

Furthermore, research evidenshows that the extent of a disruption in a CAST based
environment linearizes with two endogenous variables: the location of the disruption within the
ecosystem and the degree of the interconnectedness of the ecosystem actors (Zhu & Ruth, 2013;
Petit et &, 2010; Wagner & Bode, 2006). This fact implies that the three CAST pillars of
resilience vary according to these two variables in the sense that a well internally connected
ecosystem will better produce an ecological innovation teaskpt during a druptioni critical

aspect for RGFT (Craighead et al., 2007; Janssen et al., 2006). Thus d@eaking in the self
adaptation process becomes critical for supply chains. To the same extent, with a core focus on

decision making during disruptions, a cditerature review performed by Alexander et al.
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(2014) positions decision making as core element in GSCM especially in case of
crises/disruptions within CAST based environments where innovative solutions/decision are

required.

2.1.4.3 Current status GAST in RGFT and research questions for the CAST social theory advancement
Resilience has initially been studied in the context of ecology and has been officially coined by
Holling (1973) in the context of complex adaptive systems (CAST) and later ibanas and

CAST have been linked to EMT (Holling, 2001) and DIT (Folke et al., 2010) with strong
literature support. Summarizing the literature trend of the CAST and of the CAST application for
GSCM (and implicitly for RGFT) with EMTST, INT and DIT supprt, the following research

guestions have been identified:

RQ3.1: How can localized interactions (symbiosis) based on controlled processesseald
co-create to enable sedidaptation of a CAST based system at itiesosystem/microsystem
level Kamalahmadi & Parast, 2016; de Siqueira et al., 2015; Choudhury et al., 2015; Kim et al.,
2015; Cardoso et al., 2015; Brandiones et al., 2014; Wieland & Walenburg, 2013; Mandal,
2012;Van den Berg et al., 2011; Folke et al., 2010; Bansal and Mcknig®®; Rolling, 200) ?

RQ3.2 How can the concept of fAPanarchyo (Hol Il i
pillars and explain how eoreation within themesosystermicrosystentakes place (Walker et
al., 2004; Van den Berg et al., 2011; Cherto@09 ?

RQ3.3 How can the EMT infuse the ecological modernisation view and how can the DIT
explain the innovation outburst during crisis (disruption) resolution (resilience) which provide a
novel opportunity for seladaptation of a CASThesosystem/micrgstem (Francis & White,
2016; Choudhury et al., 2015; Akgun & Keskin, 2014; Gogelci & Ponomarov, 2013; Demmer et
al., 2011;Folke et al., 2010)?

RQ3.4 How can stochastic externalities (such as environmental conditions) induced crises
(disasters) be bettéaster overcome (Zhu & Ruth, 2013; Holling , 2001
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RQ3.5 How can the exogenous ecosystem influence and foster bettezatmn for the CAST
basedRGFT microsystem (Kamalahmadi & Parast, 2016; Choudhury et al., 2015; Kim et al.,
2015; Cardoso et ak015; BrandorJones et al., 2014, Folke et al., 2010; Pathak et al.) 2007

RQ3.6. What are the key SCM decision making factor at the institutional level and how do they
match with the decision making factors at the ecosystem level in order to erssperpy and
stability within a CAST framework undernaertainty (lvanov et al., 2012; Chertow, 2009;
Pathak et al., 20072

RQ3.7. How do various crosBer supply chain microsystems interaction among edbbr
within the wider ecosystem (lvanov, 201&tRak et al., 2007) ?

RQ3.8 What systems modelling and simulation, mimdthods research and behavioural
experiments can be performed within a CABiEsosystem/microsystefior resilient supply
chains (Pathak et al., 2007) ?

RQ3.9: Strengthen the claimhat resilient GSCM (and implicitty RFGT) are cycle based
industrial ecosystems based on CAST in the context on the most recent trends in this document
(Wong et al., 2016, Fallah et al., 2015, Torabi et al. 2015, Cardoso et al., 2015).

RQ3.10 What are theeffects of the interconnectedness of the actors and the location of the
disruption within a CASTmesosystem/microsysteom the seHadaptation(resilience) process as
well as on the ecological innovation capaciiafalahmadi & Parast, 2016; de Siqueiralet
2015; Choudhury et al., 2015; Kim et al., 2015; Cardoso et al., 2015; Brdondes et al., 2014;

Zhu & Ruth, 2013; Petit et al., 2010; Wagner & Bode, 2006)?

Overall, it is important to understand the evolutionary trend of CAST ecosystems in arder t
properly gasp the role of this social science theory in explaining RGFT. For this putiguse,

3 summarizes the CAST framework for RGBY showing the adaptive cycles of CAGAnd for
GSCM in general).
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Figure3: CAST anResilience

2.1.5 ThdNT and Sand their influence in understandiRGFT

The institutional theory (INT) positions its social science fundament bytidenhow an
organi@tion incorporates organizational behaviour/practice based on rexggepressures
(Dubey et al., 2015; Govindan et al., 2015; Tian et al., 2014; Gobbo et al., 2014; Zhu et al., 2012
Lai et al., 2006; Hirsgh1975). Such pressures/drivean be coercive, mimetic and normative
andin the view of (Zhu et al., 201Zlemens & Douglas, 200&:u et al, 2006; Kilbourne et al.,

2002), the INT has been constantly used as a framework to understand green practice adoption,
providing thus a core potential for explaining the behaviour of RGFT practice adoption within
the social/quintuple helix ecgstem (Zhu & Liu, 2010; Ball & Craig, 2010; Harris, 2006; Carter

et al., 2000). Some of the key research gaps/questions related to RGFT from the INT point of

view are:

RQ4.1: How both exogenous and endogenous pressures promote the adoption of GSCM (RGFT)
practiceqlvanaj et al., 2015; Chakrabarty & Wang, 20%3rkis et al., 203, Hall, 2001) ?
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RQ4.2: Which stakeholders are the drivers of GSQRGFT) implementation within a
mesosystenfGovindan et al., 2015; Drohomeretsk et al., 28drkiset al., 2011Lee & Kim,
2011;Rivera, 2004) ?

RQ4.3: What is the organizational response to enviram@adeissues (Zhu et al., 201Ball &
Craig, 2010)?

In a related manner, the stakeholder theory (ST) (Freeman, 1984) proposes that within an
ecosystem (i.e. quintuple helix), stakeholders propagate externalities which diffusmnlateh
internally and externally (influencing thus the other stakeholdieteeoecosystem), leading to
mutual growth at the ecosystem level (Sarkis et al., 2011; Delmas & Toffel, 2004). There is a
core implication thus of the ST which explains the production of externalities and of the INT
which explains the adoption of extertials within an ecosystem with multiple stakeholders. In

the view of Sarkis (2011) and Brito et al. (2008), the ST is highly used in supply chain
management, however it has certain criticism on GSCM (and implicitly RGFT) due to the fact
that environmentadim is not seen by all stakeholders (yet) as an economic benefit and thus, such
exogenous pressures do not always impact on the ecosystem overall, however, efforts towards
overcoming this gap are being performed (Sarkis et al., 2010; Tate et al., 2020;2B@8;

Chien & Shih, 2007). The identified research gaps of the ST in relation to GSCM (and implicitly
RGFT) are:

RQ5.1 How does the innovation diffusion theory explain the adoption of GSCM practices at the
mesosystenh e v e | based on ogdnas fBeFsoret/drajnet al.,g2@18; Hsuxet
al., 2013;Sarkis et al., 2011; Vachon, 2007) ?

RQ5.2 How can the ST be implemented at an international/multicultural settiagaf et al.,
2015; Chakrabarty & Wang, 201Sarkis et al., 2011)?

Figure 4provides an overview on the impact/role of INT and ST for RGE&fDss all the systems

proposed by this thesis
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Figure4: The role of INT and ST within the cregstem environment

2.1.6Conclusiorg Converging EMT, DIT, CAST, INT and ST

2.1.6.1 Discussion on the convergence of EMT, DIT, CAST, INT and ST

The previous sections analysed in details the EMT, DIT, CAST, INT and ST in relation to
GSCM and implicitty RGFIRGSCM The analysis siws that there are various convergence
points among thedéve theories in which their theoretical fundaments can be utilized to analyse
RGFT/RGSCM A note needs to be provideegarding this convergence in the sense that for
example, disruptive innovatiomould point towards divergence of such theories. Still as it will

be shown in the methodology and data analysis section, the preferred innovations in the targeted
sample are transformative rather than disruptive which leads to the need of such convergence

However, with many occasions the terminology adopted by each theoretical framework to
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describe specific concepts was different (regardless of whether the described concept was the

same). To this end, thEable 2provides an overview on the differentrténology utilized by

each theory for the same conceps well as the final terminology that will be utilized through

this entire thesis in order to maintain consistency.

Table2: Crosgheoretical definitions
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Figure 5 shows the actual interactions across the three main systems (ecosystem, mesosystem

and microsystem) in der to stengthen their relevance fthis thesign terms of converging the

five theories

Provides vital (depleting)
resources for people to live
as well as knowledge . Has

adaptive cycles and
unexpected behavior.
Cannot be fully controlled
or placed between
boundaries of order and
prediction.

Extracts inefficient amounts of
resources to sustain its own
social system in continuous
growth. Inheres disruptions
from the environmental
ecosystem which, in order to
prioritize its own mesosystem,
damages even more the
environmental ecosystem.

environmental ecosystem
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depleting resources. Places immense pressure on the
mesosystem in order to have full financial efficiency as it is
mainly controlled by the private sector. Slowly, becomes
constrained by the mesosystem to become more
environmentally sustainable and efficient. Propagates
disruptions even worse than the mesosystem by focusing
primarily on the business goals and not on the society and
environment.

Slowly attempts to protect the l

Propagates disruptions to
the mesosystem without
any consciousness for losses

(3

Figureb: The proposed crosystem integratiorof thetheoretical framework of the thesis

Convergence points among the five theories:

1 EMT is pervasive inquintuple helix st ak eh ol de Dgéy etaal.,e20iba s (
Govindan et al., 2015; Ilvanagj et al., 2015; Tian et al., 2014; Chakrabarty & Wang, 2013;

48



Carayannis Barth & Campbell, 2012; Carayannis & Campbell, 20L0ndqvist, 2000;

Mol, 1995;).

The core vision of th&EMT resides not in the mitigation of the environmental damage
itself, but rather, on th@roactive transformation of the entire (quintuple helix)
mesosystem of growth and development towards a more sustainable operational
behaviour from all points of view. (Indgvist, 2000).

EMT in the quintuple helix (Carayannis, Barth & Campbgell2012; Revel and
Rootherfood, 2003; Berger et al., 2001; Buttel, 206Geen as, and as well, must induce
transformation in (Pellow et al., 2000; Mol, 1995): EMT as a school afgthtoor belief
system (ideologygovernance, social cohesio®MT as a policydiscourse (policy &
society);EMT as s$rategic management (industrfgMT as innovation or technological
adjustment (research, transformation).

EMT suggests that lowdevel transformations will propagate across the entire
ecosystem which is highly in line with tidT view on innovation diffusion as well as
with the resilience resolution mechanisms wit@@AST environments Gobbo et al.,
2014; Zhu et al., 2012, 1995; Spaargan, 1996).

Thus, innovation diffusion from institutions to ecosystem/stakeholders is explained by
EMT, DIT and CAST, while the reverse (a modernized ecosystem will pose pressures to
institutions to further modernize) is explainedIby andST (Zhu et al., 2011; Lai et al.,
2006; Delmas & Toffel, 2004; Freeman, 1984; Hirsch, 1975).

EMT 1 Ecological modernization can take place through more modernization and
innovation @malahmadi & Parast, 2016; Nooraie & Parast, 2016; Mari et al., 2015;
Raje$ & Ravi, 2015; Kim et al., 2015; Durach et al., 2015; Barosso et al., 2015; Perera
et al., 2015; Mensah et al., 2015; Gilly et al., 2014; Kristianto et al., Bittel, 2000;
Beck, 1994; Giddens, 1994)n line withDIT .

EMT influences GSCM (and immlitly RGFT) in the follaving ways (Berger et al.,
2001): Diffusion of environmental practices within the integrated chalBMT);
Diffusion of technological innovations within the integrated chaibs$T §; Inclusion of a

wider range of supply chain actorsthe decision making processesiifituple helix)
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DIT and EMT leaded to coining the term eamovation (Zhu et al., 2012) with core
integration within the quintuple helix mesosystem (Caryannis & Campbell, 2012;
Carayannis & Campbell, 2010).

Transformaive innovation (intervention) (DIT) - that scales up within th€AST

based ecosystem panarchy as a response to a crisis/opportunity (usually undertaken by
innovation adopters as response to resiliek@malahmadi & Parast, 2016; Rajesh &
Ravi, 2015; Kim et al., 2015; Durach et al., 2015; Gilly et al., 2014, Kristianto et al.,
2014Moore & Westley, 2011; Folke et al., 2010).

Disruptive innovation (usually performed by innovators) that takes place within the
boundaries oDIT (Zhu et al., 2012Atwell et al., 2008; Walker et al., 2006) and often
leads to ecannovation EMT) if performed within the quintuple helix (Hervani et al.,
2005; Florida et al., 2000; Sharma, 2000)here institutional innovation capacity and
exogenous pressures are core enallNis, ST).

Resiliencehas roots in ecological systems (preservecdEMT ) and integrates within
CAST-influenced systems under uncertainty and vulnerabilRgréra et al., 2015;
Mensah et al., 2015; Gilly et al., 2014; Kristianto et al., 2014; Scholten et al., 2014;
Carvalho et al., 201Z arpenter et al., 2005; Holling, 1973).

From theCAST point of view,RGFT is indeed a social & ecological system and there
considerable research on this tofiubey et al., 2015; Govindan et al., 2015; Zhu et al.,
2012;Carpenter et al., 2005; Gunderson & Holling, 2002; Berkes et al., 2003; Scheffer et
al., 2003).

Social ecosystems (where human are involved) became wm@ex than the traditional
ecological ecosystems, and thuenvironmentally friendly resilience started by be
viewed as the pace to which a system returns to its initial (or environmentally better) state
after adisruption took place Dubey et al., 2015Govindan et al., 2015; Zhu et al.,
2012;;Walker et al., 2006; Berkes et al., 2003; Dasgupta & Maller, 2004; Hughes et al.,
2005; Folke et al., 2010; Van den Berg et al.. 2011; Pimm, 1991).

Environmentally friendlyresilienceis based on an edonovationas a response to crisis
(EMT) and is managed based on a number of controlling procé&s$edtacharya et al.,
2014; Green et al.,, 2014; Shen et al.,, 2013; Hsu et al., 2013; Taticchi et al., 2013;
Hitchcock, 2012; Dei & Shefi, 2012; Bai et al., 2012; Wal&eal., 2006; Holling et al.,
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2001 under the patronage of the following characteristics that the adaptive cycles of
CAST systems should have towards ensuring resilience: Adaptability/flexibility of a
system (learningapacity / knowledge managemernt)ner controllability (key ontrolled
processes/indicatordyner vulnerability control (capacity to integrate resilience)

1 Folke et al., (2010) take even further these three characteristics and argue that the inner
controllability should be highly relatedo transformability and transition towards
adaptation (despite systemds QASTsresdiennce t C
with EMT influences.

1 Stochastic externalities such as weather/natural disruptions/crises can bring ungraspable
outcomes in which the sedfdaptation/resilience will take significant amount of time
within a CAST based systeni thus the effectiveness of the elomovation EMT)
propagation DIT) becomes critical (Li & Coates, 2016; Chhetri et al., 2016; Snyder et
al., 2015; Loh & Thai, 2015; Mattson & Jenelius, 2015; Global risks, 2015; GAR, 2015;
Van der Vegt et al., 2015; Linnenluecke et al., 2012; Ergun et al., 2010; Niatdria@am
et al.,, 2009; Stecke & Kumar, 2009; Nakano, 2009; SanrBloeziguez et al., 2008;
Linnenluecke et al., 2012; Ross, 2003; Hale & Moberg, 2005 Monahan et al., 2003).

T Chertow (20009) v i e wtentioaallyanpahagedment of tregiliereés o t h e
industrial ecosystemds whi c h i s in total alignment W |
resilience in terms of being done on internal controlled processes and thus resilience in
ecoefficient industrial ecosystems as well as in green freight transportatiorbecan
achieved throughtncreasingthe environmental benefit (efficiency and reuse under the
framework of EMT in innovative ways through tB¢T ); Enablingmore co-creation &
partnerships among mulivel quintuple helix stakeholders/actors (as described in
CAST, INT, ST).

Having this convergence and overlapping among EMT, DIT, CAST, INT and ST under the
framework of resilient GSCM and RGFT, the research questions specific to each social science
theory also lead to a certain convergence. Thiggjre 6shows the convergence points among

the research questions of tfige theories (described in the previous subsections) towards
enabling the identification of new research questions for furthering the theoretical fundaments of
RGSCM and RGFT baseazh EMT, DIT, CAST, INT and ST.
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Figure6: Overlapping the research questions of each theory

2.1.6.2 Final research questions towards boosting the knowledge of EMT, DIT, CAST, INT and ST in relation to
RGFT

Building upon the individual research questions identified for each divinéheories as well as

on their convergence presented in the previous subsection, the following converged research
guestions (CRQ) that add theoretical contribution to sociahsgisesearch will be undertaken in

this thesigthe meaning of convergence in this case resides in overlapping common gaps, goals
and individual research questions of each thédgMT, DIT, CAST, ST and INT and deriving
common/converged research questi@RQs) that would fit all theories simultaneously)

CRQ1: Bottomup: How can local level institutional EMT driven ermovations (either

transformative or disruptive) diffuse faster under the DIT behaviour and-gealas
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explained by ST and INT) acse the RGFT CAST driven microsystem panarchy during
crises towards enabling resilience (Dubey et al., 2015; Govindan et al., 2015; Tian et al.,
2014; Gobbo et al., 2014; Zhu et al., 2012; Darnall et al., 2008; Andrews et al., 2003;
Hoffman & Ventresca, 2@ (lvanaj et al., 2015; Chakrabarty & Wang, 2013; Golicic &
Smith, 2013; Zhu et al., 2012; Moore & Westley, 2011; Van den Berg, 2011; Chertow,
2009; Atwell et al., 2008; Jacobsson & Brgek, 2008; Walker et al., 2006; Walker et al.,
2004)?

CRQ2: Topdown: How can the modernized ecosystem level (explained by the ST)
generate ectnnovation exogenous pressures on the individual institutions (explained by
INT) in an international ecosystem and what are the institutional level responses to such
induced EMT drien modernization (Govindan et al., 2015; Tian et al., 2014; Zhu &
Geng, 2013; Dornfield et al., 2013; Sarkis et al., 2011; Rivera, 2004) ?

CRQ3: Transversal: What are the local level institutional controlled processes of the
CAST driven RGFT microsysterand how do these institutional controlled processes
integrate and cevolve (INT, ST) with the ones of other quintuple helix stakeholders in
order to enable coreation and fast eeonovation adoption (EMT, DIT) towards
ensuring RGFT at the quintuple helmesosystertevel (Baumgartner et al., 2015;
Piotrowicz, W., & Cuthbertson, 2015; Bhattacharya et al., 2014; Varsei et al., 2014; Ahi
& Searcy, 2015a; Ahi & Searcy, 2015b; Gopal & Thakkar, 2012; Ivanov et al., 2012; Van
den Berg, 2011; Folke et al., 20ansal & Mcknight, 2009; Chertow, 2009; Pathak et
al., 2007; Holling, 2001)?

CRQ4: Transversal: What are the effects of the interconnectedness of the institutional
level stakeholders and the location of the disruption within a quintuple helix CA®d bas
mesosystem on the RGFT process in terms of the effectiveness of the emerged eco
innovation (EMT) diffusion (DIT) (Ilvanaj et al., 2015; Chakrabarty & Wang, 2013; Zhu

& Ruth, 2013; Petit et al., 2010; Gonzalez et al., 2008; Arimura et al., 2008; Hetvani e
al., 2005; Wagner & Bode, 2006) ?
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CRQ5: Methodologies: What CAST systems modelling and simulation, rmxetthods
research and behavioural analysis can be performed within an ecosystem (Faisal, 2016;
Dubey et al., 2015; Hohenstein et al., 2015; Qaalet2015; Heckmann et al., 2015;
Tattichi et al., 2015; HuertBarrientos et al.,, 2015; Chouwdhury & Hossan, 2014;
Molina-Azorin & LopezGa mer o, 2014; O6Rour ke, 201 4;
Davis, 2012; Zhu et al., 2012;Pathak et al., 2007) ?

CRQ6: Exogenous: How can stochastic externalities induced disruptions (such as
environmental conditions) be better overcame in CAST ecosystems through eco
innovation (EMT, DIT, INT, ST) (Li & Coates, 2016; Chhetri et al., 2016; Snyder et al.,
2015; Loh & Thai,2015; Mattson & Jenelius, 2015; Global risks, 2015; GAR, 2015; Van
der Vegt et al., 2015; Zhu & Ruth, 2013; Linnenluecke et al., 2012; Ergun et al., 2010;
Natarajarathinam et al., 2009; Stecke & Kumar, 2009; Nakano, 2009; Sdrctieguez

et al., 2008; Halling, 2001) ?

CRQ7: Transversal: How does the DIT properly explain the adoption of EMT by CAST
based RGFT institutions (Kamalahmadi & Parast, 2016; Choudhury et al., 2015; Kim et
al., 2015; Cardoso et al., 2015; Brandlmmes et al., 2014; Wieland &aknburg, 2013;
Mandal, 2012; Zhu et al., 2012; Carayanrsrth & Campbell; 2012; Carayannis &
Campbell, 2010; Brugge & Van Raak, 2007; Quist, 2007; Sondejker et al., 2006)?

2.1.7 The pposed theoretical framework dfe thesis (TFT)

Overall, the theoreticdramevork of this thesis resides the convergence of EMT, DIT, CAST,

INT and ST in relation to explaining RGFRGSCMasshownin Figure 7 The proposed TFT

has been derived from the organizational theory review (social scegisgemologyfrom

section 2.] to serve as key theoretical gap mitigation. This TFT is consolidated via the
systematic literature review from section 2.3 as well as through the primary research stages that

this thesis undertook.
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Figure7: The proposetheoreticalframework(TH) of the thesis

As Figure 7 describes, the theoreticilamework of this research is based on the following
assumptiongwhich derive from the research questions) that are presented below. The role of
these assumptions are to take the findings and gaps converged into the CRQs and propose a
framework based on several pillars that can explain how all the five theories convergistowar
explaining how RGFT is implemented at the institutional and quintuple helix mesosystem level
(achieving thus the aim and objectives of this thesi$)}e TFT has the following pre
conditions/background and pillars:
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The pre-conditions/background of the TFT:

The environment is considered as the main ecosystem layer which integrates within the quintuple
helix mesosystem (which, accordingly integrates the RGFT microsystem). The environment,
through the EMT, imposecological modernization (ideology, discourse, technological
adjustment and strategic management) throughout all its subsystems (thus throughout quintuple

helix mesosystem and RGFT microsystem)

Furthermore, le environment generates environmental riskd waulnerabilities that cause
disruptions that impact directly the RGFT microsystem, which, in order to preserve itself,
leverages economic and business oriented goals, propagating the disruption damages to the outer
system (quintuple helix mesosystem) dimhlly to the environmental ecosystem by causing
severe environmental damag&hen an environmental disruption takes plécat least one

RGFT microsystem institution is affected.

The TFT Pillars:

Pillar 1: The RGFT microsystem is CAST based and must emphasise the following core
elements: adaptability, flexibility, capacity to foster resilience and well defined key
controlled processes at the (supply chain) microsystem level.

Pillar 2: Having these elementgith core fundamental infusions from the EMT, during a
disruption, the RGFT microsystem will egmnovate and based on the well defined key
controlled processes (with core support from flexibility, adaptapidtgreen resilience

strategy will emerge.

Pillar 3: However, in the best case, this green resilience strategy will be implemented at
the institutional (INT) or RGFT microsystem level without any direct impact
measurement and implementation oversight at the wider ecosystem level (quintuple helix

mesosystem) which has wider implications for the environni@m).
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Pillar 4: To this end, based on the CAST and DIT, the propagation of the green resilience
(EMT) strategy and the necessary quintuple helixcreation processes should be
devised in order téeverage the impact of the green resilience strategy from microsystem,

to mesosystem and finally to the ecosys(édT, ST).

Pillar 5: Thus, the DIT propagates esmovations from institutions to ecosystem
inducing thus change at the ecosystem/stdklendevel (ST) which will later on put
more exogenous pressure to institutions (INT) to induce further modernization (cycle).

Pillar 6: This way, green resilience propagation is not isolated in a remote microsystem
location of the environment and it wilimpact and induce modernization and

transformation throughout all social systems by relying on EMT, CAST and DIT.

Pillar 7: The meaning of green resilience in this case is the capacity of the RGFT
microsystem to recover in an environmentally sustaemé@ieisource efficient and negative
impact reduction) manner after an environmentally induced disruption took place by

properly propagating the recover throughout all social systems that are involved.

In order to thoroughly support the CRQs and TFT pillars, a systematic literature review is

performed (in section 2.3) based on the methodology defined in section 2.2.

2.2 Systematic literature review methodology

The previous section introduced the theoretical fundament development for sustaining the model

proposed by this thesis. More specifically, the previous section performediaptinanalysis of

organization theories and social science foundation that pinddre philosophical issue and

basis

required to analyse and properly guide the research related to understanding

RGFT/RGSCM with all the involved complexities and systems/events that intdffgtee 8

below shows the logical flow ohis initial part & the thesis in the sense that it shows how the

previous subsections (comprising STEP 1 from the diagram below) are consolidated and
extended by STEP 2 and STEP 3.
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|
| STEP 1: Organizational theory review / Social science philosophical considerations ( done in the |
| previous section) resulted in Converged Research Questions (CRQs) and a proposed Theoretical |
| Framework of the Thesis together with a set of initial research objectives (OBs) for the thesis. |

= S_TE; Zts;st_en;lti_c Ii_te:at:r; re_vie_w_to;u;po_rt7ex_te;d/_a£p?tt_\e ;he_o;tial_fra-m;w;ri: A_t i

this point, a set of more specialized research hypotheses/inquiries (RHs) have been devised and !
systematically analyzed in individual subsections based on a well defined systematic review
L methodology.

| framework and are used to shape/focus even more the initial research objectives (OBs) of the

I
| STEP 3: The results of the systematic analysisare in line with the proposed theoretical |
|
I thesis towards providing a more guided in put for step 4. 1

STEP 4: Primary data collection, framework update & extension (discussed after the systematic !
review section).

Figure8: Methodological insight into the secondary resegpelt

A systematic literature revieWFigure 9)enables a more accurate identification of research
directions and gaps towards conceptualizing a research challenge. In order to ensure its validity
and usefulness of results, a specific and discipgktatedapproach must be undertaken. To this

end, one pivotal paper (highest number of citations) which performs a systematic literature
review for GSCM is provided by Srivastava (2007). The author motivates the need for this
review in order to provide insightsorf businesses (institutional level), economic growth
(ecosystem level) as well as to identify societal and ecological implications (quintuple helix).
This paper becomes thus pivotal for this thesis in terms of guiding the systematic literature
review as ithas core relation to the theoretib@meworkproposed by the thesis in which EMT,
CAST, DIT, INT and ST are interrelated in order to explain the synergies among the

environmental ecosystem, the quintuple helix mesosystem and the RGFT microsystem.
The systematic literature review methodology proposed by Srivastava (2007) consists of the
following stages (Searcy & Mentzer, 2003; Easteflnyith et al., 2002) which is in line also

with Delbufalo (2012) and Trainfield et al. (2003Wwhich is are core resesn for systematic
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literature reviews related to supply chain management (Golicic & Smith, 2013; Seuring & Gold,
2012): Unit analysis definition (in this case the unit analysis will be a research article and/or
book) Definition of the problem context anmethodology cotext to classify the resources;
Material filtering (according to the problem and methodology contaxé)Material collection
according to field boundaries (and summary/findings)

Srivastava (2007) provides a good insight into the fieldnblaries of GSCM to be used for
performing a systematic literature review, however for the purpose of this thesis the field
boundaries will be defined at the institutional (organizational) and-system level in order to
grasp the complexity of RGFT arnt$ positioning within the theoreticdtameworkthat was
proposed. To this end, the literature review context and field boundaries will reside at the
intersection of various disciplines as it will be explained in the diagram below. The definition of
the field boundaries and context is highly relatedht® theoreticaframeworkas well as to the
research questions/objectives of this thesis in order to properly guide the review towards
strengthening/tailoring the research questions as well as the final outcomes that will be achieved

through the primaryasearch discussed latanm.

RGFT problem context and systematic literature review field boundaries

I I
I I
I I
I |
I RGFT 1
I |
I I
| l l ‘v v |
[omrion]  [wor ] [resownorr] |
1 — — |
I
I »  network resilience |
impact Microsystem I
| ] KPI 1
" Reverse 4.1 |nsﬁ‘uﬁ°na|| >1 Barriers I
Road > logistics ]
| > Mesosystem
" pressures I
| —>| efficiency 4 Rapid Exogenous I
. >
] adaptation »  Ecosystem pressures ]
I I
| Waste Cross-system ’ I
. —>
| —»| handling adaptation |
I I
| Uniform |
. o tocation | o busines .
| partnering
Green |
| »|  Freight |
| Transport |
I I

Figure9: Systematic literature review boundaries & terminology
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The research on the individual topics (boundaries) depicted in the above image has
underpinnings in the early 90s (Srivastava, 2007)yvever in order to adopt a systemic
approach, only research that is contemporary across all boundaries will be considered. Even
more, considering the research debate sustaining the theofetinelvorkof this research (the

core researches positioning RGRilithin the mentioned social science theories) the actual
resource span range for addressing in a systematic manner the RGFT concept is considered
between the years 2016 in order to ensure compatibility and timeliness of the research

materials for edtelement in particular.

Furthermore, considering the field boundaries delimiting this research, it is of core importance to
denote the mukldisciplinarily and crossectoral character of the involved concepts. This aspect
played a crucial role on thesource search process, as currently, there is not focused cluster of
academic journal to provide insight into RGFT from a csatems point of view. Thus, in
order to address this limitation, the resource search process took place within the following
academic databaseghich include the key related journals mentioned in Figure 10)

Emerald Insight

Scopus

StarPlus

ISTOR

OECD iLibrary

EBSCO

=4 =4 4 4 A4 -5 -2

Google Scholar

In order to provide a brief insight into the search process, it is of core importance to mention that

a number of 3452 articles have been identified as related to the topic of this thesis (from which a
number of 212 have been selected as highly relevatiit &nother 67 tangent to the scope of the
research). The core search methodology and cases is based on the one adopted by (Delbufalo,
2012; Thorpe et al., 2005) and consists of the following (with variations and academic synonymy

T the following queries §Q) contain acronymé however the actual search include full word

spellings):
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1 Year range 20002016

1 Atrticle language: English

1 Samedcriteria equivalent articles selection decisionthe one with higher number of

citations

1 First stage’ resource idenfication (3452 resources):

1 SQ1l: (RGFT OR RGSCM) AND DISRUPTION AND (WEATHER OR
IMPACT OR ROAD) AND (EMT OR DIT OR CASTOR INT OR ST)

1 SQ2: (RGFT OR RGSCM) AND (NETWORK DESIGN OR REVERSE
LOGISTICS OR RESOURCE EFFICIENCYOR WASTE HANDLING OR
LOCATION) AND (EMT OR DIT OR CASTOR INT OR ST)

1 SQ3: (RGFT OR RGSCM) AND (KPI OR RAPID ADAPTATION OR
SYSTEM IMPACT OR CROSS SYSTEM PARTNERSHIP#ND (EMT OR
DIT OR CASTOR INT OR ST)

1 SQ4: (RGFT OR RGSCM)AND IMPACT AND (FINANCIAL OR SOCIAL
OR ENVIRONMENTAL OR INSTITUTIONAL OR ECOSYSTEM) AND
(EMT OR DIT OR CASTOR INT OR ST)

1 SQ5: (RGFT OR RGSCM) AND (INTENTIONS OR BEHAVIOUR OR
ADOPTION OR DRIVERS OR BARRIERSOR INTERNAL PRESSURE®R
EXOGENOUS PRESSURE®&ND (EMT OR DIT OR CASTOR INT OR ST)

1 Second stageFurthrer filtering based on individual resourbased keywords, title and
abstract (867 resources selected). This stage has been done in a heuristic manner and thus

potential article omissions could comprise one of the core limitation.

1 Third stage: an ABC analysis has been performed on the second stage articles through
fastskim and indepth key word identification mechanisms (a special software was used

to analyse the 867 articles and perform the desired keyword (the keywords used in stage
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one) caint segmentation for each article. The results of this stage showed high
aggregation of keyword counts among two groups of articles (that were segmented as
group AT a highly relevant number of 212 articles with highest keyword count; group B
T a number 067 articles tangent to the research however with lower keyword count; and

group Ci the remaining articles with low keyword count which were discarded).

1 Fourth stage an indepth reading of group A articles (212) has been performed in order
to identify empirical evidence related to the problem context and field boundaries
adopted by this thesis. The articles have been analysed from the point of view of their
hypotheses, employed methodology and its scientific validity, relation to building
theoretical ontribution (besides practical), findings and finally, research limitations/gaps

and proposals for further research.

During the systematic review guided by the problem context and field boundaries, the actual aim
was to sustain the theoretidedmeworkof this research which positions the RGFT microsystem
within the quintuple helix mesosystem under the wrapping of the environmental ecosystem (with
social science explanations provided by the EMT, CAST, DIT, INT and ST) as well as to
identify practical undrpinnings reasoned by the afore mentioned theories that will show how
green resilience at the institutional level is propagated to the ecosystem level and to identify what
contextual factors are necessary for this process to take place. To this endindolibis
contextual aim and the field boundaries, the following research hypotheses defined by the

theoreticaframeworkof this thesis have been inquired through the systematic literature review:

1 RH1: Understand which weather conditions cause the mygsctful disruptions in road
freight transportation from SEE

1 RH2: Understand what negative business outcomes emerge as a result of such
disruptions

1 RH3: Understand what key performance indicators do business use and to what extend
when dealing with disqtions

1 RHA4: Understand to which extend do businesses implement green practices during their

decision making processes
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RH5: Undersand what drivers and barrierso dousinesses face when aiming to
adopt/implement green practices

RH6: Understand what resiiee mechanisms do businesses implement and to what
extent these mechanisms include environmentally sustainable practices

RH7: Understand how (to what extent) businesses interact with the RGSICM
stakeholders.

RH8: Understand how can the resilience mexsims of businesses be supported/fostered
faster by other stakeholders from the ecosystem

RH9: Understand to what extenb dusinesses respond to ecosystem pressures in order
to implement GSCM/RGFT practices.

RH10: Understand how do theRGSCMRGFT KPIs ofbusinesses match with the ones

of the involved mesosystembébs stakehol ders
RH11: Understand the importance of business partnerships interconnectedness in terms
of enabling fast RGFRGSCM

RH12: Understand what modelling tools and research methods are yadpio show

practical underpinnings of implementing suitable RGFISCMstrategies.

These research hypotheses (inquiries) will be grouped and tested across the following research

clusters that have been identified after the systematic review: (indivahaiions will be

provided for each cluster/theme).

T

1
il
il

From SCM to GSCM
From supply chain uncertainty and vulnerability to RGFT
Weather induced disruptions within supply chains

Thinking glocal: RGFT and the region of South East Europe

Overall, the systeatic review shows convergence and capitalization of the publications across

the following journalgshown in Figure 1Q)ields and research methods which will be use later

on to denote the npillars forconsolidating the theoretical framework the field d

RGFT/RGSCM fron a crosssystems point of view.Finally, Figure 11 shows the link among

all the key concepts that drive the consistent research direction of this(timsishe CRQs

relate to the literature review RHs. TFT Pillars and OBs
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| Mam/Core Contrlbutlons

| Supply Chain Manageme An Internatior al (38)
International Journ tion

l lournal of Operations Management (20)

| Journal of Cleaner Productlon (18)

l Internatic nxi' lourn duction Economics (14)

ol (14)

lournal of Business L
| Ecology and Society (7)

Journal of Business Ethics (7)

Corporate Social Responsibility and Environmental Management (7)

Transportation Research Part D+E (6)
| Journal of Industrial Ecology (6)
Management Science (5)

lournal of Supply Chain Management (4)
Resources, Conservation and Recycling (3)
| Journal of Environmental Management (3)
Environmental Science & Policy Decision Sciences (2)
Journal of Environmental Economics and Management (2)
| The European Journal of Social Science Research (2)
| Production & Operations Management (4)
| Efficiency and Logistics (1)
| Journal of Environmental Science and Technology (1)
Climatic Change (1)
| journal of Sustainable Development (1)
| Journal of Management for Global Sustainability (1)
Global Journal of Environmental Research (1)

| Additional Contributions

| Human Systems Management
International Journal of Management Review
The Journal of Technology Transfer
| Journal of Information systems
| Association of Management Review
| European Business Review
International Journal of Knowledge-Based Development
| Agricultural and Forest Meteorology

lournal of Purchasing & ¢ y Management

L Information and Management

Academic Journals and Their Inclusion Ranking in the Systematic Literature Review

e e e e i o o e o e i ) B T S0 e e P )

rnational Journal of Physical Distribution & Lo
Logistics research

Operations Management for Competitive Advantage

International Journal of Atmospheric Sciences

Interdisciplinary Journal of Information, Knowledge, and Management
Public Administration Review

Measuring Business Excellence

Journal of Agricultural Economics

ternational Journal of Advanced Manufacturing Technologies

l_,,______ﬂ.__‘__-__-__-_-__-—-_-_

SCM, SCRM, Resilience, Adaptation, Flexibility,
Transportation, Efficiency, Optimization,
Performance Measurement

— o m m w me o mm mEs S S E e s S e S e oy

Addltlonal Contributions

Pl 5 Management

Figurel0: Academic journals included in the systematic review



RELATION AMONG THE CONVERGED RESEARCH QUESTIONS (CRQs), PhD OBJECTIVES (OBs) and PhD’s THEORETICAL
FRAMEWORKPILLARS

/

I cra7
L2Y

I pillars Y
L I

I pillarz -
L I

I pillar3 ! ! pillara -
Lol M=l

I pillars U
+ I

I pillare
L I

Figurell: Relation among the CRQs, RHs, OBg &iRillars
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2.3 Systematiliterature review outcomes

2.3.1 From supply chain management to green supply chain management

This section provides an overview on contemporary insights from the logistics and supply chain
management transition to GSCM (with focus on GFT) in order reate the basis for
understanding the context that drives the research questions of this study as well as to better
reason the theoreticdtamework previously proposed. In order to better distinguish these
concepts, the following definitions start from positioning supply chain management as a

discipline:

1 Supply Chain Management (SCM) deals with the provision of synchronized decisions
and activities used to efficiently integrate all supply chain actors in order for the right
product to emerge at the right location, time, price, quantity and condition, while
mi ni mizing overal/l costs and increasing
SCM focwses on the sourcing of raw materials, production, product development,
commercialization, sales and marketing, reverse logistics and customer relationship
management (Govindan et al., 2015; Dubey et all52Bhattacharya et al., 2014; Loke
et al., 2011Talib et al., 2011Lockamy & McCormack, 2004; Mills et al., 2004; Chen &
Paulraj, 2004

1 Logistics management (i.e. freight transportation) aims to get the right goods/services in
the proper condition, at the right place, in the right time and with mimincost.
However, according to Morabito et al. (2000), logistics management focuses more on
physical distribution, materials management/transportation. Logistics management
became a sufbivision of SCM, however they are often discussed in the literature
together.

1 Freight transportation (FT) as part of SCM: the process of moving goods from raw
materials to finished ones as well as waste, by relying on the public transportation

infrastructures and involving multiple transportation mgd@mansport Research, 2009)
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1 SCM(FT)integratesmany stakeholders: clients (society), businesses
(institutions), infrastructures (natural resources and governmental ecosyste
OADPSD NRBIFRAOOD I vdZAyiddzZX § KStAE YS

Logistics (FT) is more related to the physical infrastructuctoser to the
a20ASGe YR SY@ANRBYYSyYydG FyR RANBOI
Quintuple helix mesosystem

Findings boxL: Supply chain manageant versus logistics

The main origin of supply chain management (SCM) has been identified by (Locke et al., 2011)
as being derived from logistics management (Bhattacharya et al., 2014; Lee & Kincade, 2003;
Tan et al., 2002 and Romano & Vinelli, 2001). SCM is also an effoaickneve coordination
(Simatupang & Sridharan, 2002 and Kanda & Deshmukh, 2008). Apart from these aspects,
nowadays supply chains deal, though, with critical issues such as: demand planning,
environmental and social considerations, globalization, increasedpetition and price
pressures, outsourcing, shorter and more complex product life cycles, and increased
collaboration among stakeholders (Dubey et al., 2015; Govindan et al., 2015; Hitachi Consulting,
2009). Thus supply chains become global, more comphexe intensive in volume, thus more

demanding for the logistical infrastructure and implicitly for the environment.

Furthermore, within nowadays supply chains, the focus is being set on enterprise level SCM
rather than on factory level SCND(@bey et al. 2015;Govindan et al., 2018)Vu et al., 2015;
Kistruck et al., 2015Bhattacharya et al., 201®athak et al., 2014anders, 2007; Cousins &
Menguc, 2006Gunasekaran et al., 2005). Similarly, Akyuz & Erkan, (2010) reviewed that the
shift from linked @ganizations to networked organizations, globalisation and changes of
operational means (such as outsourcing) is constantly changing the definition ofVEdl|

& Gargeya, 2005)by making the supply chain actors more andarioterdependent (Janwier
James, 2012). Also, due to complexity, both of the supply chain itself as well as of the consumer
demand, companies are forced to coordinate operations that cross their organisational boundaries
(Jayarama et al., 2010) throughtheir collaboration partners/netwo(klandfield & Nichols,

2002) These aspects lead to increased vulnerability to disruptions especially of the logistical
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sector from the supply chain through increased distance and risk ptiopamterdependency
among the supply chain partners.
SCMFTF AYa (2 | OKAS@GS O22NRAYIGA2Y A

{/a 0C¢0O NBIldZANBa O2ftflo0o2NrGA2Y |
SCM (FT) is done at an enterprise level, thus it can consist of an self

O22NRAYIF0SR YA Oa®dancrdsystem M / ! { ¢
SCM (FT) involved high interdependencies within the microsystem (enterpris
GAGK AYONBIFaSR NRa| G26FNRa RAAaNMz

Findings box2: Supplychain management, transportation and CAST

On top of this, todayods era of gl obalisation
evolving supply chain every dati{t et al., 2015Bhattacharya et al., 2014&iu et al., 2013
Tremendous progresand researches have been carried towards developing frameworks and
standards for green supply chain and logistics. Despite of all the researches, organisations and
ecosysyems are failing to meet the stadkehol de
from social, economic and most importantly ecological point of view. Still industries are
struggling to search for best practices within the green logistics. Due to their global expansion,
enterprises are critical actors in climate change mitigatiehimrenvironmental sustainability
promotion (Dubey et al., 2015; Govindan et al., 2015; Melville, 20&8pecially since the
environment brings both risks and opportunities for businesses. Furthermore, the European
Commission is targeting a 20% reductioh GHG emissions by 202Q0EU2020 , 2013)

However, with this expansion, enterprises have implicitly increased their risk encounter

vulnerability which can have severe impact on the environment.

f SCM(FT)pushesformoreh Yy 2 @I G A @S 3INBSY 0dzaAyS
DIT
1 LyatGArGdziazya

CAST, INT, ST

Enterprises (microsystems) become key leaders in GSCM adoption by
perceiving environmental induced disruptions sy’ y 2 @ G A @S 2 LJ
EMT, DIT, INT, ST, CAST (with focus on green resilience)

Findings bo®: SCM, FT and their relation with, EMT, INT, DIT, CAST an’
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With such increasing environmental and societal pressure, Beske et al. (2008) argues that
companies operate between two opposing poles: the risks and liabilities related to their business
activities and the active involvement in the society (Dubey eR@15; Govindan et al., 2015;

Zhu et al., 2012; Delmas & Toffel, 2004; Holt, 2004 and Teuscher et al., 2006). The relevance of
sustainability policies has significantly grown to span the entire supply chain network rather than
each individual partner (Bask Kuula, 2011; Andersen & Skjoettarsen, 2009 and Spence &
Bourlakis, 2009), thus, the competitive advantage of supply chains relies in the effective

sustainability policies which encompass environmental practices.

Institutions should become thus matigd by green sustainability and they incorporate it into
their business strategWilhelm et al., 2016Dubey et al., 2015; Govindan et al., 20E&jlerton

et al., 2014;Lee & Kim, 2011 and Porter & Reinhardt, 2007). Sivakumar et al. (2012) argue that

if a network of companies (i.e. microsystem) share resources in a sustainable manner, then their
high-level operational management resembles green logistics and green supply chain

management.

In order to better differentiate the focus of this paper whicln the logistical part (freight

transportation) of the supply chain, the following two concepts must be defined:

1 Green/Sustainable logistics (i.e. green freight transp@FT) refers to the process of
minimisation of the environmental impact of trpngation either at the physical or the
operational level (Demir et al., 2011) and deals with: fuel efficiency, technological
innovations in terms of mobility efficiency, technology based operational efficiency
(Geldermann et al., 2007), modal shift, Iagial flexibility with reduced environmental
impacts (Shukla et al., 2010)

1 Green supply chain management (GSCM) incorporates green logistics and refers to the
strategi c, transparent i ntegration and a (
environmenral and economic goals (Dubey et al., 2015; Govindan et al., 2015; Sivakumar
et al., 2012; Carter & Rogers, 2008, Srivastava, 2007). According to (Sarkis et al., 2010),
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GSCM deals with: sustainable supply network/chain management (Dubey et al., 2015;
Govindan et al., 2015; Cruz & Matsypura, 2009 and Linton et al., 2007; Fleischman et
al., 2001; Jayaraman et al., 2003), green/sustainable logistics (Zhu et al., 2012; Wolf,
2011; Sarkis et al., 2010 and GonzaBenito & GonzéleBenito, 2006), supply/demand
sustainability (Cruz & Matsypura, 2009 and Kovacs, 2004), supply chain environmental
management (Sarkis et al., 2010), product carbon managegiiertinnon, 2010)
green/environmental procurement (Gunther & Scheibe, 2005 and Chen, 2005), green
product development and operations (Kleindorfer et al., 2005), ethical so(Rcibgrts,
2003)and green management and reporting (Keating,e2@08 and Tate et al., 2010).

9 GFT is highly influenced by the quintuple helix stakeholders towards consta
ecoYZRSNYAT FdA2Yy YR AYLI OG YAGAZTL G
I The quintuple helix stakeholders imposes that green practices should be

leveraged frominstitutional level to (micro/meso/ecoyd @ & 1 SY f S @S
DIT, CAST, INT, ST

GFT aims at resource efficiency and environmental impact mitigation throug
AYy20F GABS GSOKy2t23A01t LINF OGAOS3H
DIT, CAST

Fndings boxd: GFT, GSCM and their relation with EMT, DIT, INT, ST and

Having this context, it can be stated that GFT and GSCM are highly influenced by the EMT,
DIT, CAST, INT and ST in consistent compatibility with the theoreticaineworkproposed by
this thesis. GFT, is a subdivision of GSCM (the core subdivision whioleseall GSCM
purposes) and becomes thus influenced by most of the GSCM challenges). However, it is of core
importance to understand the contextual factors that reason this influence. For this purpose, this
section is tailored to provide a systematic ihsignto the following research hypotheses
(inquiries) which will be presented, each, in the upcoming subsections:

RH4: Understand to which extent do businesses implement green practices during their

decision making processes

RH5: Understand what driversnd barriers do businesses face when aiming to

adopt/implement green practices
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RH7: Understand how (to what extent) businesses interact with the GSCM/RGFT
stakeholders.

RH9: Understand to what extenb dusinesses respond to ecosystem pressures in order
to implement GSCM/RGFT practices.

RH10: Understand how do the GSCM/GFT KPIs of businesses match with the ones of

the involved mesosystembs stakehol ders

2.3.1.1Answering RH4 and RH9: Green practice implementation during decision making processes under
internal and exogenous pressures

The purpose of this section is to reason RH4 and RH9 in terms of understanding how the GSCM
practices are being implemented at the institutional level and then diffused at the microsystem
(GSCM/RGFT) and mesosystem level (quintuple helix). The literatetstd in relation to

GSCM practices is generally sound, however most of the categorizations of such practices are,
generally, central to the institutional level (more specifically to the operations management of a
specific institution. Thus, in order to qperly address RH4 and RH9 from the theoretical
frameworkof t hi s thesisdé point of view, the GSCM |
coercive influencer typology which drives the implementation of the practice at the institutional

level and itdransgression at the microsystem and mesosystem level.

Internal/Institutional initiated practices: Environmental management systems (EMSkt of

policies and activities utilized in decision making towards promoting an environmentally
friendly operatioal manger within an institution. It involves: internal policies, staff training,
auditing, monitoring, sear staff commitment, TQM, JITDubey et al., 2015; Zhu et al., 2010;
Darnall et al., 2008; Hu et al., 2008; Walker et al., 2008; Gonzales et &, 2@0and et al.,

2007; Handfield et al., 2005; Bansal & Hunter, 2003, Sarkis, 2003). EMS promote legitimate
businesses, eases the implementation of GSCM (Darnall et al., 2008; Potoski & Prakash, 2005;
King et al., 2005). The limitations of EMS residetle lack of research towards proving practice
diffusion from institutional (INT) to ecosystem (ST) level (Tian et al., 2014; Gobbo et al., 2014,
Testa & Iraldo, 2010; Darnall et al., 2008; Handfield et al., 2004) especially in relation to freight

transpotation mitigation practices (Testa & Iraldo, 2010).
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Having such operational standards, Hervani et al. (2005) sustain the need for GSCM practice
implementation and provide a GSCM performance measurement framework at the institutional
level based on exteal reporting (to the GSCM microsystem & quintuple helix ecosystem),
internal control (based on institutional processes/KPIs) and continuous modernization (similar
with Drohomeretsk et al. (2014), Gunasekaran (2004) and Zhu et al. (2008)).

The core limiations of such a performance measurement system for GSCM consist of: mistrust,
heterogeneity across the microsystem, lack of control/coordination, lack of mediator/leader
(Brewer & Speh, 200I)i n hi gh cohesion with theel@#fRT base
ecainnovation diffusion (EMT, DIT) is being aimed from the institutional level (INT) to
medosystem level (ST). However, the core element of such ISO14031 performance measurement
systems for GSCM provided by Hervani et al. (2005) resides in imgphhe quintuple helix
ecosystem stakeholders in validating the true
enabling thus cereation between the GSCM microsystem and the quintuple helix ecosystem
which leads to the ultimate transgression @& #mvironmental innovation from the institutional

level to the microsystem and then ecosystem level (having sucteation knowledge flows

established).

1 GSCM/GFT practices are implemented at the institutional level based on E
however, performance eporting is being done at the Quintuple Helix
aSaz2aeaisSy tSgSt M 9acod
Internal GSCM/GFT practice implementation monitoring is done on key

controlled processes with stakeholder heterogeneity and lack of coordinatio
AdadzsSa M 9ac¢cx /! {¢>X 5L¢cP

Regulation (i.e1SO14031) and performance measurements frameworks for
GSCM/GFT practice diffusion imply-ceeation and diffusion of practices at the
SO2aeaitsSy tS@9St M 9ac¢z 5L¢x /! {¢Z

Findings bo%: GSCM, GFT and thsiakeholder level leverage

Quintuple helix induced practices: Environmentalstandard/best practice adhesion (Dubey et
al.,, 2015; Govindan et al., 2015; Ivanaj et al., 2015; Tian et al., 2014; Chakrabarty & Wang,
2013; Lee, 2008; Chien & Shih, 2007; Papadopoulos & Giama, 2007) are core legislative
directions emerged as pressurguoese from various societal organizations and have a coercive
impact on institutions towards implementing green practices. For example, 1ISO14001 (Arimura
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et al., 2011; Testa & Iraldo, 2010) is a key GSCM practice adopted by institutions. Even more,
further specialized standards such as 1SO14031 is utilized towards ensuring proper performance

measurement for the implementation of EMSs (Hervani et al., 2005).

Similarly, two core directives (related to the European Union primarily however they affect all
stakénolders collaborating with EU registered institutions) consists of the Waste Electrical and
Electronic Equipment (WEEE) and the Restriction of Hazardous Substances (RoHS) and are
core practices that GSCM adopts (Hu & Hsu, 2010; Zhu & Sarkis, 2006; Widraér 2005;
Huang, 2005). Additionally, the energy usage products (EuP) regulation is the first regulatory
framework (in the European Union) to support LCA based GSCM practices in terms of
acknowledging the overall environmental impact of a specificafniroduct (Hu & Hsu, 2010;

Yung et al., 2008; Grote et al., 2007; Hansen et al., 2005). Further work on LCA as a GSCM
practice is debated by (Srivastava, 2007; Sanchez et al., 2004, -Libbdake, 2002). Finally,

Testa & Iraldo (2010) perform an-ohepthstudy on assessing how institutional related behaviour

and resources are impacted by exogenous contexts.

The findings show that the position of the institution within the microsystem affects the adoption
of GSCM practices as well as institutional facteush as: number of employees, stock exchange
listing, and the existence of an environmental management unit (Gonzalez et al., 2008; Arimura
et al., 2008; Hervani et al., 2005; Florida et al., 2000). Finally, (Ilvanaj et al., 2015; Chakrabarty
& Wang, 2013;Testa & Iraldo, 2010;Arimura et al., 2008; Zhu et al., 2005; Sheu et al., 2005;
Christman & Tailor, 2001) argue that crdssrder cooperation with more developed markets

poses exogenous pressures on institutions towards adopting GSCM.

f QuintuplehelixySaz2aeaiasSY RANBOGAGSaAa oM { ¢
YAONRA2AGSY AyatGArddzZiaAzya 6M Lbeo
f ¢KS LRaArAldAz2y 2F |y AyaldAddziazy o

well as inner resource capacities influence the adoption of quintuple helix
YSaz2aeadSy o BEgopracticesATHid 1Ak BitR the CAST concept
where the position of an institution plays a key role in the selflaptation/eco-
resilience process.

Findings bo%: GSCM, GFT and the Quintuple Helix under ST, ¢NJAST
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Co-creation and ceevolution/comodernization within the mesosystem:Collaboration with
stakeholders within the GSCM/GFT microsystem becomes critical to achieve the common goal.
Such cecreation can be related to edesign (reusability, recycling), resource efficiency and
ecopackaging (Shi et al., 2012; Zhu et al, 201j@)nt auditing, stakeholder education &
training, supplier evaluation, joinecycling, green network desigivanaj et al., 2015; Hsu et

al., 2013; Hu & Hsu, 2010; Ninlawani et al., 2010; Mont & Leire, 2009; Seuring & Muller, 2008;
Walker et al., 2008; i§/astava, 2007; Chien & Shih, 2007; Wright & Elcock, 2006; Tsoulfas &
Pappis, 2006; Yalabik et al., 2005; Evans & Johnson, 2005; Eveloy et al., 2005; Handfield et al.,
2005; Widmer et al., 2005; WEEE, 2003).

In a consistent manner, another research titrecleverages such eweation for green
purchasing, green operations (Shi et al., 2012; Zhu et al., 2010; Hu & Hsu, 2010; Ninlawani et

al., 2010; Srivastay®007; Savaskan et al., 2004andfield et al., 2002) in terms of: specifying

product design spéications, imposing standards and audits, evaluations (Srivastava, 2007).
Similarly, another research strand focuses on: circular economy, reutilization of resources, co
evolution of GSCM with the quintuple helix (Shi et al., 2012; Eltayeb et al., 2 et al.,

2010; Seuring & Muller ,2008; Zhu et al., 2008; Chien & Shih, 2007; Baai., 2005)Finally,

a pioneering work performed by Shi et al (2012) argue for the need of a rewlation model

with GSCM practices fully embedded within microsyste t owar ds t he devel opr
compl ex resour ces 0 -cleaieetdough mutual drast, eagnmicmeertt and o

common vision (Vachon & Klassen, 2007). Suckegolution will thus, induce change pressure.

Diffusion from institutional le vel to ecosystem levelGSCM practice implementation at the
institutional level imposes pressure at the enterprise (microsystem/mesosystem) level towards
GSCM practice implementation (Dubey et al., 2015; Govindan et al., 2015; Tian et al., 2014;
Gobbo et b, 2014; Zhu et al., 2012; Darnall et al., 2008; Andrews et al., 2003; Hoffman &
Ventresca, 2002) by forming compatible relationships. Another influencer of GSCM practice
evolution from institutional level to stakeholder level is the inner desire foicpldgitimacy

(rather than to obey coercive policies/requirements) and thus institutions aim for legitimacy
towards adopting environmentally sustainable practices (lvanaj et al., 2015; Chakrabarty &
Wang, 2013; Golicic & Smith, 2013; Zhu et al., 2010; &e&tlraldo, 2010; Nawroka, 2008;
Walker et al., 2008; Chien & Shih, 2007; Hervani et al., 2005; Ginsberg & Bloom, 2004; Delmas
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& Toffel, 2004; Gupta & Pierro, 2003; Rao, 200ha & Lau, 2001; Hoffman, 2000%uch
diffusion is critical especially sinceast of GSCM focus has been set on the institutional level
rather than supply chain/microsystem level and there is a significant research gap in this sector
(Tian et al., 2014; Gobbo et al., 2014; Cousins et al., 2004; Hal, 013; Srivastava, 2007;
Sakis, 2006)

9 Cocreation within the GSCM/GFT microsystem towards quactice
implementation leads to:
o Balanced ecanodernization of all stakeholders (with spillovers to the
jdzA yidzLJt S KStAE YSazaeadsSyuv I
0 The modernization process imposes-coeation, partnerships,

knowledge flows which form strong networks that se#fdapt,

providing thus an enhanced environment for a potential self
FRIFELIWGFGAZ2Y Ay OF&asS 2F RA&NHzLIG A 7
ST and INT explain how localizawtitutions aim to implement the
guintuple helix ecedirectives, however, such implementation imposeg
the co-creation which leads to more ecmodernization as explained
by the EMT.

Findings box: GSCM, GFand cacreation

Finally, Figure 12shows the literature that favours-ceeation and c@volution among the
quintuple helix stakeholders towards achieving RGFT/RGSCM by stressing the need of
leveraging econnovations from institutional level to mesosyst level.Specifically, Figure 12
argues that institutional practices can be leveraged to the mesosystem level throregtico
and then, mesosystem/stakeholder level practices will diffuse (trigger transformation) in a cycle

at the institutional leveglensuring thus a sustainable mechanism).
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GSCM/GFT Practiceimpl ntationinitiated at the instituti Il |
/ racticeimplemeniationinitiated atthe instiiutionalieve GSCM/GFT Practice implementation and performance

measurement

(Dubey et al., 2015; Zhu et al., 2010; Darnall et al., 2008; Hu et al., 2008;
Walker et al., 2008; Gonzales et al., 2008; Srivastava, 2007; Handfield et
al., 2005; Potoski & Prakash, 2005; King et al., 2005; Hansen et al., 2005;
Sanchez et al., 2004; Bansal & Hunter, 2003, Sarkis, 2003; Tibben-
Lembke, 2002)

(Drohomeretsk et al. ,2014; Zhu et al. 2008 ; Hervani et
al., 2005; Gunasekaran, 2004; Brewer & Speh, 2001)

Institutionally I
S I initiated GSCM/GFT
tices
Lo - Prelees
&

How to diffuse GSCM/GFT practices from the institutional level
to the the micro and mesosystem levels?

(Tianetal., 2014; Gobbo et al., 2014; Hsu et al., 2013; Zhu et al.,
2012; Testa & Iraldo, 2010; Darnall et al., 2008; Srivastava, 2007;
Sarkis, 2006; Handfield et al., 2004)

Co-creation/Co-evolution among the quintuple helix mesosystem stakeholders and/or GSCM/GFT microsystem stakeholders in the field
of GSCM/GFT - a solution for heterogenous (CAST) cross-system practice diffusion

Supporters: (lvanaj et al., 2015; Hsu et al., 2013; Shi et al., 2012; Eltayeb et al., 2011; Zhu et al., 2010; Hu & Hsu, 2010; Ninlawani et al., 2010; Mont & Leire, 2009; Seuring & Muller,
2008; Walker et al., 2008; Srivastava, 2007; Chien & Shih, 2007; Vachon & Klassen, 2007; Wright & Elcock, 2006; Tsoulfas & Pappis, 2006; Yalabik et al., 2005; Evans & Johnson, 2005;
Eveloy et al., 2005; Handfield et al., 2005; Widmer et al., 2005; Ravi et al., 2005; Savaskan et al., 2004; WEEE, 2003; Handfield et al., 2002)

Factors that affect the diffusion to the institutional level
(position, cross-border, resources, etc)

(Ilvanajetal., 2015; Chakrabarty & Wang, 2013; Testa &
Iraldo, 2010; Gonzalez et al., 2008; Arimura et al., 2008; Zhu

etal., 2005; Hervani et al., 2005; Sheu et al., 2005; Christman ’o’?’
r=— === == =""="1 &Tailor, 2001; Florida et al., 2000) vpg"\
I Mesosystem induced |
I  GSCM/GFT practices |
I | K

GSCM/GFT Practice implementation initiated at the mesosystem level

N

(Dubey et al., 2015; Govindan et al., 2015; lvanaj et al., 2015; Tian et al., 2014; Gobbo et W
al., 2014; Chakrabarty & Wang, 2013; Arimura etal., 2011; Hu & Hsu, 2010; Testa &

Iraldo, 2010; Leg, 2008; Yung et al., 2008 ;Chien & Shih, 2007; Papadopoulos & Giama,
2007; Zhu & Sarkis, 2006; Widmer et al., 2005; Huang, 2005; Hoffman & Ventresca, 2002)

Figure 12 The requirements of ecreation & ceevolution
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2.3.1.2 Answering RH5: Drivers and barriers to green practice implementation

Having recognized the importance of GSCM, stakeholders are developing and implementing
programs to control and lower their environmental impact (Govindan et al., 2015; Hsu et al.,
2013; Zhu et al., 2012; Boyer et al., 2009; Vachon, 2007; Rao, 2002) aaswelbvercome the
organisational resistance to the adoption and implementation of environmental solutions (Vachon
& Klassen, 2007).

Driver: Efficiency (Internal)

Financial efficiency

Reduced costs for materials, energy, waste discharge and treategematory
penalties, safety and injury trials, lower labour cost through better working
conditions causing improved motivation (Govindan et al., 2015; Tian et al., 2014;
Alzaman, 2014; Shi et al., 2012; Eltayeb et al., 2011; Carter & Rogers, 2008; Zhu
et al.,, 2010, Ninlawani et al., 2010; MoliwReorin et al., 2009; Carter et al.,
2007; Chien & Shih, 2007; Mollenkopf et al., 2005).

Environmental efficiency:

Reduction of polluting gases, waste water and solid wastes (land fill), lower
intake of hazardougmaterials, less environmental accidents and improved
environmental behaviour of the institution (Govindan et al., 2015; Ivanaj et al.,
2015; Alzaman, 2014; Tian et al., 2014; Hsu et al., 2013; Golicic & Smith, 2013;
Eltayeb et al., 2011; Shi et al., 2012hu et al., 2010; Testa & Iraldo, 2010;
Ninlawani et al.,, 2010; Chien & Shih, 2007; Zhu & Sarkis, 2007; King et al.,
2005).

Operational efficiency.

Improved goods delivery times, lower inventories, lower waste levels, improved

product quality and line &apacity performance (Govindan et al., 2015; Hsu et
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Driver:

al., 2013; Shi et al., 2012; Eltayeb et al., 2011; Zhu et al., 2010; Carter & Rogers,
2008; Zhu & Sarkis, 2007; Hanson et al., 2004).

Social responsibility & reputation/brand based on a cultureof sustainability

(Coercive)

Driver:

GSCM is implemented towards denoting (coercive) social considerations (besides
economic, environmental and operational (Govindan et al., 2015; Ivanaj et al.,
2015; Chakrabarty & Wang, 2013; Hsu et al., 2013; Shi et al., Rd2man &
Shrivastava, 2011; Zhu et al., 2010; Testa & Iraldo, 2010; Carter & Rogers, 2008;
Chen, 2008; Vachon & Klassen, 2007; Chien & Shih, 2007; Ellen et al., 2006;
Capaldi, 2005). However, Carder & Rogers (2008) in their fundamental work on
defining swtainability in relation to SCM, argue that such a culture of
responsibility and involves substantial change management and visionary nature
of those involved. This coercive adoption of GSCM practices is fully in line with
the ST and INT theories incorpted into the model of this thesis.

Innovation leaders as competitive advantage (inner)

GSCM practices are lately being implemented for promoting an innovative brand
image for stakeholders (Govindan et al., 2015; Tian et al., 2014; Dornfield et a
2013; Zhu et al., 2012; Rehman & Shrivastava, 2011; Testa & lIraldo, 2010;
Vachon & Klassen, 2007; Zhu & Sarkis, 2007; Hervani et al., 2005; Khalid et al.,
2004). In this context, green practices are considered as an innovative source of
competitive adantage (Wolf, 2011; Matos & Hall, 2007; Li et al., 2006; Bansal
& Roth, 2000). Even more, according to (Mann et al.,, 2010), having the
transnational character of nowadays supply chains and implicitly logistical
infrastructures, due to increased outsourcirgustainability also became
transnational rather than localized (lvanaj et al., 2015; Chakrabarty & Wang,
2013; Linton et al., 2007 and Seuring et al., 200&)ccross the entire GSCM

microsystem whcich means that such -evwovation leaders will accessider
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Driver:

Driver

markets. This approach of adopting GSCM practices is in line with the DIT
(specifically with the part related to the eomovation leader/disruptive
innovation) and its diffusion across the ecosystem (EMT) as described in the

model proposed by thibesis.

Imitation oriented/followers as competitive advantage (Mimetic)

GSCM practices/innovations are being adopted lately as means of practice
imitation (Govindan et al., 2015; Tian et al., 2014; Zhu & Geng, 2013; Dornfield
et al., 2013; Zhu al., 2012;Zhu & Liu, 2010; Testa & Iraldo, 2010; Liu & Buck,
2007). However there is a significant research gap in terms of analysing
imitability in GSCM adoption (Zhu et al., 2012; Carter & Rogers, 2008; Steensma
& Corley, 2000). Mimetic drivers are pe&iged as a good approach towards
motivating GSCM practice adoption, however a cistskeholder (quintuple
helix) experience is required to ensure the imitation of theregavation (Ilvanaj

et al.,, 2015; Zhu & Geng, 2013; Zhu et al.,, 2012; Zhu & Liu, 20Tis
approach of adopting GSCM practices is in line with the DIT (specifically with
the part related to the e@onovation leader/disruptive innovation) and its
diffusion across the ecosystem (EMT) as described in the model proposed by this

thesis.

: Policy compliance (Normative)

Policy compliance (as well as any other exogenous pressure) is also key drivers of
GSCM (Govindan et al., 2015; Drohomeretsk et al., 2014; Lee & Kim, 2011;
Mann et al., 2010). Similarly, other drivers come in form tinslators and
regulatory frameworks such as RoHS, 1SO14001 (Nawrocka, 2008; Curkovic &
Sroufe, 2011), NGOs (Argenti, 2004), and all the additional factors discussed in
the previous section. Overall, policies are of core importance to ensure the
implement&on of policies related to GSCM practice adoption, however this does

not guarantee the adoption of leteym sustainable behaviour in the business
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models of stakeholders as well as within the social behavioasdong as proper
co-evolution among all thinvolved stakeholders is not performed (Zhu & Geng,
2013; Zhu et al., 2012; Connel, 2010; Zhang et al., 2008; Frondel et al., 2008).
This normative adoption of GSCM practices is fully in line with the ST and INT
theories incorporated into the model loiktthesis.

GSCM drivers category 1: businesses implement GSCM practices a
institutional level based on their inner motivations to become more efficie
(financial, environmental, operational).

GSCM drivers category 2: businesses implement GSCM practices a
institutional level as a coercive pressure from society/stakeholders (quintup
helix) and promote their brand as environmentally sustainable

GSCM drivers category 3: businesses implemdghSCM practices at the

institutional level based on their inner motivation to innovate and moderniz
(leading the way for others in the ecosystem to follow).

GSCMdrivers category 4: businesses implement GSCM practices at
institutional level based on their mimetic drive to follow innovators from thei
microsystem.

GSCMdrivers category 5: businesses implement GSCM practices at
institutional level based ortheir normative drive to comply to regulations.
Coevolution and cecreation among the quintuple helix stakeholders is the
key to ensure GSCM practice implementation at the mesosystem level.

Findings boB8: GEM drivers

Despite the persistence of such drivers and coercive means, the literature provides considerable
barriers that hinder the process of GSCM adoption. These barriers have been summarized
Table 3:

Table3: Summary othe barriers to GSCM implementation

Barrier to GSCM implementation Source

(includes RGFT & RGSCM)

Internal: Organizational culture (Govindan et al., 2015; Ivanaj et al., 2015; Zaab
al., 2013; Diabat & Govindan, 2011; Vuro et ¢
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2009; Mont & Leire2009; Hanna et al., 2000)

Internal: Top management (Govindan et al., 2015; Zaabi et al., 2013; Hoejm

support et al., 2012; Balasubramanian, 2012; Diabat
Govindan, 2011; Vur o
Roome, 2009; Sarkis, 2009; Ravi & Shanker, 200!
Internal + External: (Govindan et al., 2015 Zaabi et al., 20:
Employee/Stakeholder Drohomeretsk et al., 2014; Balasubramanian, 2
commitment, motivation, Diabat & Govindan, 2011; Sarkis et al., 2010; Sc

training and skills, information et al., 20D; Vuro et al., 2009; del Brio et al., 200
Yu & Hui, 2008; Walker & Preuss, 2008)
External: Proper environmental (Govindan et al, 2015; Drohomeretsk et

regulations and  stakeholder 2014;Zaabi et al., 2013; Balasubramaniam, 2(

communication means Diabat & Govindan, 2011; Vuro et al., 20C
Andersen & Larsen, 2009; Walker et al., 2008; L
2008)

Internal + External: Resistance to (Govindan et al., 2015; Ivanaj et al., 2015; Zagib
change (internal restructure), ce al.,, 2013; Balasubramaniam, 2012; Diabat
creation, heterogeneity issues Govindan, 2011; Vachon & Klassen, 2008; Sharfr

et al., 2007; Verghese & Lewis, 2007; Hick, 2000)

Internal: Financial resources and (Govindan et al., 2015; Drohomeretsk et al., 2C
Zaabi et al.,, 2013; Diabat & Govindan, 20!
Connell, 2010; Alkhidir & Zailani, 2009; Walker ¢
al., 2008; Presley et al., 2007; van Hemel & Crarn
2002)

External: Uncertainty of GSCM

lack of perceived benefit

PREDR  GEYRIRMERIEEIOn (lvanaj et al., 2015; Schter & Goodsite, 2013)

globally

Finally, the core element sustained by the literature related to overcoming such barriers to
GSCM practice implementation resides in the analysis of thereaiion among the (business
partners, societal organizationsquintuple helix) stakeholders towardceevolvement/ce
modernization (Dubey et al., 2015; Ivanaj et al., 2015; Govindan et al., 2015; Tian et al., 2014,
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Gobbo et al., 2014; Chakrabarty & Wang, 2013; Zhu & Geng, 2013; Zaabi et al., 2013; Zhu et
al.,, 2012; Test & Iraldo, 2010; Holt & Ghobadja2009; Mont & Leire, 2009; Andersen &
Larsen, 2009; Vachon & Klassen, 2008; Walker et al., 2008; Sharfman et al., 2007; Verghese &
Lewis, 2007; Vachon, 2007; Hall, 2006; Vachon & Classen, 2006; Banerjee et al., 2003). Even
more, Ilvanaj et al. (2015) id&fy core research gaps in terms of the need of further investigation

of the role of environmental practices on behaviours and social governance methods (Leventon
et al., 2015), role of negovernmentbactors (Diabat et al., 2014jith a truly crossstalkeholder

and interdisciplinary approach (Shrivastava et al., 2013).

As it can be seen, the heterogeneous, uncertain and in constant change/adaptation ecosystem for
GSCM practice i mplementation (which iselin | in
requires proper and coordinated-@eation among the quintuple helix actors towards ensuring
co-evolvement through eeoanovation (EMT) diffusion (DIT) from institutions to ecosystem

and the opposite (INT, STFindings box 9 and Figure I3splay tlese facts.

Findings box 2.3.1.2:2

I GSCM barriers category d Internal: organizational culture, top managemen
support, financial resources, sustainability mentality.

GSCM barriers category 2 Internal & External: Employee/stakeholde
motivation and commitment to the joint mission, flexibility and resistance t
change, cecreation and collaboration abilities, managing heterogeneit
access to proper information, training and skills.

GSCM barriers category 3 External: uncertainty of GSCM practic
advancements globally, proper policies and effective-ceeation directives.

Overcoming the GSCM implementation barriers resembles a system in
coherence with the model proposed by this thesis.

Findings bo®: GSCM barriers
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Figurel3: Overview on drivers & barriers to GSCM implementation
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2.3.1.3 Answering RH7 and RH10: Support from GSCM/GFT stakeholders dudegigi@emaking and
K2Y23SySAaae 2F air{1SK2f RSNBEQ D{/akDC¢ YtLa

Performance measurement is a key aspect in ensuring the effectiveness of SCM strategies
throughout all operational layers (including freight transportation) and the literature provides
considerable insight into this matter (Bhattacharya et al., 2014; ‘2848, Bhagwat & Sharma,

2009; Hoffman & Locker, 2009; Alfaro et al., 2007; Mettanen, 2005; Gunasekaran et al., 2004).
Even more, converging to the global challenges in SCM, performance measurement has
expanded to focus on GSCM by leveraging environmesutal social responsibility as key
business indicators (Bhattacharya et al., 2014; Green et al., 2014; Shen et al., 2013; Hsu et al.,
2013; Taticchi et al., 2013; Hitchcock, 2012; Dei & Shefi, 2012; Bai et al., 2012; Shi et al., 2012;
Olugu et al., 2010; Tsdfas & Pappis, 2008, Rao & Holt, 2005; Hervani et al., 2005). However,

a keypoint in GSCM performance measurement resides in Bhattacharya et al. (2014) citation:

1 HA good level of recognition is found amongst practitioners on the necessity for more
knowlalge on environmental performance across different actors in gBjgklund
et al ., 2012) 06 whi c hcreation dMithinetse GS@WGFTh e e d

microsystem and quintuple helix mesosystem (also in line with Hervani et al., 2005).

Even more, this gument is also in line with the work performed by Taticchi et al. (2013) which

argue that;

1 A..while several reviews provide different perspectives on sustainability in supply
chain management, few of them provide a performance measurement (PM) inter
organsational perspective involving the key supply chain stakehotder. Tat i cc hi
al., 2013; Hervani et al., 2005) which leads towards the need to fosteeaton,
practice diffusion (EMT, DIT) and monitoring at least at a microsystem level, with a
coregap in terms of relating this performance to the quintuple helix mesosystem (as it

will be shown later on).

In the same marer, an earlier work that criticises the effectiveness of traditional SCM/GSCM

performance measurement methods (balanced scorecard, SCOR model, perfqurmsmnce
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(Cagnazzo et al.,, 2009; Shepperd & Gunter, 2005; Neely et al., 2002)) argues that such

performanceneasurement systems promote:

1 flack of systems thinkiagi in the struggle to focus only on institutional level
performance Hlartman & Moeller, 2014Taticchi et al., 2013; Shepherd & Gunter,
2010) aspect which does not enable to grasp the actual pertmmoa@GSCM/GFT
strategies at the microsystem and mesosystem levels and leads to significant gaps
especially in terms of measuring the social impact of GSCM in true support and co
creation at the mesosystem level (Fahimnia et al, 2015; Tajbakhs & Haédij, 2
Varsei et al., 2014; Taticchi et al., 2013; Hervani et al., 2005fressing thus the
need to understand the transgression ofiegovations (EMT) from institutional

levels to (exo/meso/micro)systdevels as emphasized by the DIT, INT and ST.

Furthermore, following the work of Varsei et al (2014) which was taken forward by Fahimnia et

al. (2015), measuring the impact of sustainability requires a paradigm shift:

1 A where organisations see themselves at the forefront of sustainability coupled with
appropriate measures from the political economy, public sector institutions and
society as a whole (Banerjee, 2008) Thi s i s a cdreatomatthesri denc
guintuple helix mesosystem can provide the necessary framework for true GSCM

practice difusion within the GSCM/GFT microsystem.

Finally, the following statement of Varsei et al. (2014) which is in line with (Seuring, 2013,

Winter & Knemeyer, 2013; Tang et al., 2008):

1 At is essential for supply chains to consider who their stakeholdersamdethe
interrelationships between supply chain members, resources, activities and interfaces
comprising coordination, interaction, cooperation and competition. These may
include internal stakeholders such as shareholders, employees and trade unions and
exernal stakeholders such as customers, suppliers and other partners, competitors,
government and regulators, NGOs and interest groups, and local and international
communities (Bendell, 2008) add wup more credibility to

of integated system. More specifically, the coordination/cooperatiecrieation
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mention of the authors resemble the CAST based RGSCM/RGFT microsystem which
is integrated within the muistakeholder quintuple helix mesosytem where-eco
innovation (EMT) should bediffused (DIT) from institutional level to
(exo/meso/micro)systettevel.

The systematic review shows a clear interest in GSCM performance measurement at more than
just the institutional level by encompassing quintuple helix stakeholders in this plunesser

there is no specific evidence that a clear direction is taken for this purpose (apart from the later
studies of Fahimnia et al. (2015) and Varsei et al. (2014)) but without a clear differentiation of
the involved systems. The key characteristictlué literature mentioned above resides in
scattered mentioning and isolated inclusions of various quintuple helix stakeholders in assessing
the environmental and social performance of GSCM practices (besides the economic ones). For
this purpose, a spedifisystematic analysis has been performed in terms of identifying what the
literature proposes in relation to KPIs used to monitor GSCM performance and the results show
that such indicators are more than just institutional (economic) related as they assomp
measurements related to each quintuple helix stakeholder (either by coercive, inner or normative

means).

However, despite of the already existence of these indicators, there is no structured and
integrative approach taken to analyze how they can deenprfull working mesosystem (and
microsystem) in order to assess the impact of GSCM implementation at wider levels. In order to
guide the systematic review towards building upon the proposed model of this thesis, the KPIs
have been grouped according lte tontextual system and stakeholder to which they belong. The
indicators are comprised from the work of: (Baumgartner et al., 2015; Piotrowicz, W., &
Cuthbertson, 2015; Bhattacharya et al., 2014; Varsei et al., 2014; Ahi & Searcy, 2015a; Ahi &
Searcy,2015b; Gopal & Thakkar, 2012\inlawani et al., 2010; Shang et al., 2010; Aragon
Correa et al., 2008; Zhu et al., 2007; Vachon and Klassen, 2006; Hervani et al., 2005; Gonzalez
Benito, 2005; Rao and Holt, 2005; Zhu and Sarkis, 20eigure 1l4displays theséindings by
showing the institutional level KPIs and the literature claim of making these KPIs measured at

the mesosystem level.
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Figureld: GSCM/GFT KPIs integrated with drivers/pressures and mesosygstzage
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2.3.1.4 Summary for RH4, RH5, RH7, RH9 and RH10 systematic analysis

This section provided a systematic overview on GSCM challenges tailored around five of the
twelve research hypotheses(inquiries) which were devised in ordexptore the theoretical
frameworkproposed by this thesis. A brief summary for each of the five RHs is provided below
as well as the interrelation between the systematic analysis of these five RHs and the theoretical

framework The results of this exploration are

RH4 and RH9: Understand to which extent do businesses implement green practices during
their decision making processes and understand to what extent to businesses respond to

ecosystem pressures in order to implement GSCM/RGFT practices.

GSCM practice are implemented at the institutional level, however, performance
reporting is being done at the Quintuple Helix Mesosystem level. This is in line with the
EMT based explanations for eamovation diffusion, however there is a gap related to
the diffuson of practices from the institutional level to the micro and mesosystem which
means that there is at least one category ofirewavations that are implemented due to

coercive and normative measures imposed by the quintuple helix mesosystem.

Institutional GSCM practice implementation monitoring is done based on key controlled
processes with stakeholder heterogeneity and lack of coordination issues when it comes
to compatibility of green practice impact measurement at the microsystem level (and then
at the mesosystem level. This is aspect is coherent with EMT & DIT influenced eco

innovation diffusion in CAST based systems.

Quintuple helix regulations (i.e. ISO14031) and performance measurements frameworks
for GSCM practice diffusion from institutions gystems imply c@reation and diffusion

of ecoinnovations at the cross/stems level which encompass all five theories (EMT,
DI'T, CAST, I NT, ST) on frameworkibbaseth.i s t hesi s o
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The position of an institution within the GSCM/GFT musystem as well as inner
resource capacities influence (further explained by the INT) the adoption of quintuple
helix mesosystem imposed eicmovations (further explained by the ST). This links with
the CAST concepts where the position of an institujitays a key role in the self
adaptation/ecoesilience process (the adoption of @eoovation during the resilience

process).

Co-creation within the GSCM/GFT microsystem towards-ggmvation implementation
leads to: balanced egnodernization of alltakeholders (with spillovers to the quintuple
helix mesosystem as explained by the EMT and the DIT). Furthermore, the
modernization process imposesaeation, partnerships, knowledge flows which form
strong networks that se#fidapt, providing thus an leanced environment for a potential
seltfadaptation in case of disruptions (as explained by the CAST in relation to
RGSCM/RGFT). Finally, the ST and INT explain how localized institutions aim to
implement the quintuple helix eabrectives, however, such ptementation imposes the

co-creation which leads to more enwdernization as explained by the EMT.

RH5: Understand what drivers and barriers do businesses face when aiming to adopt/implement

green practices

The systematic review reveals several categories of drivers and barriers which have been
grouped in a manner that enables to better guide the review towards the theoretical

frameworkof this thesis:

GSCM drivers category 1. businesses implement GSCMtipea at the institutional
level based on their inner motivations to become more efficient (financial, environmental,
operational)i in true conformance with the INT, however there is no evidence of how

such institutionalized eemnovations are diffusedt the micro and mesosystem level.

GSCM drivers category 2: businesses implement GSCM practices at the institutional

level as a coercive pressure from society/stakeholders (quintuple helix) and promote their
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brand as environmentally sustainablien true conformance with the ST, however there is

no coordinated manner to measure this implementation at the mesosystem level.

GSCM drivers category 3: businesses implement GSCM practices at the institutional
level based on their inner motivation to innovated modernize (leading the way for
others in the ecosystem to follow)n true conformance with the EMT and DIT, however
there is no evidence of intentional-ceeation of GSCM stakeholders at a wider level that

the microsystem level.

GSCM drivers category 4: businesses implement GSCM practices at the institutional
level based on their mimetic drive to follow innovators from their microsystemirue

conformance with the EMT and DIT, however there is no evidence to support the
presene of a mediator that will ensure proper adherence to all goals (social, economic,

environmental) when adopting a mimetic approach.

GSCM drivers category 5: businesses implement GSCM practices at the institutional
level based on their normative drive tontply to regulation$ in true conformance with
the ST, however there is no coordinated manner to measure this implementation at the

mesosystem level.

GSCM practice implementation barriers have been grouped in three main clusters:
GSCM barriers categor i Internal: organizational culture, top management support,
financial resources, sustainability mentality (mostly institutionally related). GSCM
barriers category 2 Internal & External: Employee/stakeholder motivation and
commitment to the joint missm flexibility and resistance to change,-aation and
collaboration abilities, managing heterogeneity, access to proper information, training and
skills. GSCM Dbarriers category 3 External: uncertainty of GSCM practice

advancements globally, properliptes and effective careation directives.

Overcoming the GSCM implementation barriers and taking advantage of the drivers can
be done only with proper ecreation at the mesosystem level in order to understand how
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institutional eceinnovations are learaged at the micro and mesosystem levels (major
research gap). The systematic literature denotes that institutions do not have a benevolent
approach towards acting at the mesosystem level, unless they are coerced to do so. It is
important to understandelreasons why institutions do not intent to have thisreation

which is required to fully grasp the impact of GSCM/GFT practices at the mesosystem

level.

RH7 and RH10: Understand how (to what extent) businesses interact with the GSCM/RGFT
stakeholdersind understand how do the GSCM/GFT KPIs of businesses match with the ones of

theinol ved mesosystemds stakehol der s.

The systematic review shows a clear interest in GSCM performance measurement at
more than just the institutional level by encompassingtgple helix stakeholders in this
process, however there is no specific evidence that a clear direction is taken for this
purpose (as the previous findings suggested) which confirms that institutions respond to
normative and coercive practices. This sutgethat the ST explains how such
conformance takes place, however this does not explain how EMT base innovations take

place and get diffused (DIT) at the micro and mesosystem level.

For this purpose, a specific systematic analysis has been performed in terms of
identifying what the literature proposes in relation to KPIs used to monitor GSCM
performance and the results show that such indicators are more than just institutional
(econanic) related as they encompass measurements related to each quintuple helix
stakeholder (either by coercive, inner or normative means). The key characteristic of the
literature mentioned above resides in scattered mentioning and isolated inclusions of
various quintuple helix stakeholders in assessing the environmental and social
performance of GSCM practices (besides the economic ones). This aspects confirms the
fact that there is no stringent approach from the institutional level practices (INT) to
transcad to the micro and mesosystem level, and even more, the coercive and normative

pressures are not strict enough to supportimeovation implementation at wide scales
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than the institutional level (i.e. this also confirms the lack efreation status amng the
GSCM stakeholders).

However, despite of the already existence of these indicators, there is no structured and
integrative approach taken to analyze how they can comprise a full working mesosystem
(and microsystem) in order to assess the impactS&1a implementation at wider levels
and there is a core literature strand that advocates for this leveraged approach (from
GSCM institutional level to mesosystem leveél)n full coherence with the theoretical

frameworkof this thesis.

Overall (as it can & seen on the image from the next page), the research hypothpteed
(RH4, RH5, RH7, RH9, RH10) through the systematic review in this section respond either fully
or partially to the converged research questions (CRQs), theor&tacaéwork pillars and
research objectives (OBs). For example:

1 RH4 and RH9 confirm the gap described in CRQ1 and provide partial responses to CRQ2
and CRQ4. In similar manner, RH4 and RH9 fully sustain Pillar 2 and partially, Pillar 3
and Pillar 5, while providing full insighnto OB2.3.

1 RH7 and RH10 provide partial response to CRQ3, gap confirmation for Pillar 4 and
partial solution to Pillar 2, full insight into OB2.2 and OB2.6 and partial insight into
0OB3.1, OB3.2, OB3.3 and OB3.4

1 RH5 provides partial response to CRQ&pgonfirmation for Pillar 4, and full insight

into OB2.4.
Finally, it I's T mportant to mention that t he
Afullyd (in most cases) in the next sections

morespecific terms. Figure 15 displays these findings by showing to what extent the literature

review on the involved RHSs respond to the need posed by the CRQs, OBs and TFT Pillars.
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HOW DO THE SYSTEMATICALLY ANALYSED HYPOTHESES (RH4, RH5, RH7, RH9, RH10) RELATE TO THE CONVERGED
RESEARCH QUESTIONS (CRQs), PhD OBJECTIVES (OBs) and PhD’s THEORETICAL FRAMEWORK PILLARS
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2.3.2 From supply chain uncertainty and vulnerability to RGFT

2.3.2.1 Introduction to supply chain resilience
The increased competitive pressure in a stagnating and globalized market has led to the design of

more efficient supply chains and logistical infrastructures. Since logistics are vulnerable towards
many types of risks (Kumar et al., 2010) that increas@mmtially in a globalisingJohnson,

2006) and knowledge based economy, dealing with large amount of information available for
taking the right decisions has become a real challedgm@lahmadi & Parast, 2016; Fiksel et

al., 2015; Melnyk et al., 2004 Decreased stocks, longer transports and increased dependency
from fewer suppliers have led to an increased vulnerability of global logistics infrastructures.
Local disruptions e.g. from disasters, terrorism or simply the faidfira supplier can have
multiple consequences for a company and its customers all over the world. Apart from these, the
environmental instability creates unpredictable disast@f&F, 2013) The actual negative
outcomes of sucldisruptions could be: environmental damage, loss of profit, late deliveries,
client di ssatisfaction, temporary stop o f p
decrease of s h(ambelkaroet a.e2016;sKimvenadl.,l2@15; Krause et al., 2014;
WEF, 2013;Solomon et al., 203 HolguinVeras et al., 2012

Furthermore, another factor that triggers disruptions in nowadays logistical operational
environment is uncertainty and also pogrescess visibilityBode & Wagner, 2006)ncreasing

thus the list of potential issues, especially if these two factors coupled with complexity can lead
towards chaos if excessive reactions (i.e. resource consumption, emfficutey second time
guessing, mistrust and inaccurate information within the supply chain are being performed
(Solomon et al., 2012)

In scientific terms, logistics uncertainty refers to any deviation that prohibits the planned goals to
be reached (Walker et al., 2003). By operating in the global market (Kamalahmadi & Parast,
2016; Fiksel et al., 2015; Melnyk et al., 2014; Arnold et 2012 and Buhman et al., 2005),
enterprises face the challenge of forming longer (global) supply chains in order to grow and to
reduce expenses. This challenge though, increases the risk and disruption occurrence rate and the
need for proper solution meatiams (Shah, 2006 and Datta & Christopher, 2011).

1 As a proof, according t¢Delloite, 2012)85% of the supply chains encountered a

critical disruption over their last 12 months.
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Disruptions are an imminent and certain pect of globalized and complex

{/akC¢ gAGK Of SFNJAYLIOG 2y (GKS S
Uncertainty and lack of visibility in the complex SCM/FT system are amplifyi
0KS RAANHzZLIGA2VEA AGK AYLI OO 2v UGKS

Findings boX40: Disruptions and SCM/FT

Thus, counteracting these issues is critical especially since the impact of these disruptions on the
logistical sector is harsh. The literature provides a very consistent research focus owrlsaipply
disruptions. For example, Datta & Christopher, (2011) investigated several uncertainty sources:
local versus global goals, information sharing resistance, demand/supply sources, natural
disasters, societal event€Consequently, Wang et al., (20@Gue that a source of uncertainty

in supply chains is demand volatility (bullwhip effect) which is caused by responses to demand
forecasting, order batching, price fluctuations and shortage management. Another reviewed
source of uncertainty by the authas perceived to be clogdpeed amplification which describes

the situation where manufacturers meet price decline and shorter product lifecycle by the end of

the supply chain. All these elements have become known as supply chain risks.

To address unctinty, Datta & Christopher, (2011) reviewed four main interconnected
solutions: flexibility (respond to multiple real time chand&ce & Caniato, 2003)agility
(respond quicker to changes (Faisal et al., 2006)), supplg offarmation structure (Craighead

et al., 2007) and integration (synchronization of multiple business entities (also in line with
Kamalahmadi & Parast, 2016; Fiksel et al., 2015; Melnyk et al., 2014; Omar et al., 2012)).
Addressing/Mitigating ncertaintyand disruptions riskfom within the supply chain falls into

the category of supply chain resilience which becomes a critical topic for green freight
transportation especially since this sector is more prone to direct and unpredictable disruptions as

it will be explained later on.
Overcoming threats in an uncertain and vulnerable environment is not always possible. To this

end, enterprises have recognized the importance of supply chain resilience which has become a
central theme in SCM and implicitly ihé logistical sectofBakshi & Kleindorfer, 2008)
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1 In order to strengthen this argument, according to (WEF, 2013) 80% of companies are

concerned with supply chain resilience.

9 Economic aspects, environmental sourcesgietal events cause disruptions in

{/akC¢ Th vdAyddzaX § | St AE aSazaesiy
1 CtSEAOATAGET FIAEAGET AYyGESaNtIdGAzy

Findings bod1: SCM/FT and the quintuple helix under resilience

Generally, supply chain resilience refers to the ability of a supply chain to return to its normal
operating mode or to a more efficient state after a disruption took place (Kamalahmadi & Parast,
2016; Fiksel et al., 2015; Melnyk et al., 2014; Christogh®eck, 2004). In this context supply

chain resilience becomes critical (Mandal, 2012). In the vieDedloite, 2012) a resilient

supply chain should have four main pillars: visibility, flexibility, collaboratior¢oeation and

control (based on key processes), all these support by three elements: people/society, process and

ICT for decision support.

On a different aproach, according to (Rowbottom et al., 2011), supply chain resilience can be
achieved through the following elements: supplier risk management, flow management and
demand forecasting. Petit et al.,, 2010 reviewed several other stages of implementing supply
chain resilience: process -emgineering (modernization), information sharing -¢ceation),

agility and culture of risk management. Furthermore, supply chain resilience achieves maximum

capacity when technology is use®kfia & Paterl, 2013ylandal, 202 and Dynes et al., 2007).

Mandal, (2012) identified a debate between the concepts of robustness and resilience in supply
chains. While robustness employs the lean concept, resilience employs risk management (Juttner
& Maklan, 2011; Christopher & Peck, @Q). Finally, supply chain resilience has its roots in risk
management (Craighead et al., 2007 and Peck, 2005). Nevertheless, according to (Pettit et al.,
2010), resilience differs from traditional risk management which operates as a continuous cycle
of identification, assessment, analysis of potential solutions and of finding solutions. Supply
chain resilience upgrades risk management by enabling long term forecasting mechanisms which
enable supply chains to deal with uncertainty/vulnerability. Thus, egat#silience in green
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freight transportation also requires a clear understanding of what are the potential risks and

practices that this sector faces.

I SCMIFT resilience is based on collaboration-freation) flexibility, agility,
adaptabilityand@ y i N2 f f SR LINRPOS&aasSa Mm /! {¢
OAYOf dzZRAY3a a20ASGeo LXFea | ONXzOAL

Resilience promotes longerm development through process rengineering
OY2RSNYAT I GA2Yy0 YR AYFTPNNI GAZ2Y

Findings box2: SCM/FT and resilience based oftieation

2.3.2.2 Introduction to resilient and green freight transportation

With 23% of global carboudioxide emissions originating from the transportation industry, it is
imperative that significant emphasis and effort be squarely put in controlling its environmental
impact (rather than on other sdlvisions of SCM). Globally, me than 8 billion tons of freight
moves in international transportatigBTS, 2010)and it continues to grow. More specifically,

freight transportation refers to:

1 Freight transportation: the process of moving goods from raw materials to finished ones
as well as waste, by relying on the public transportation infrastructures and involving
multiple transportation meaii$ransport Research, 2009

Moving freight creates traffic congestion, air pollution, noise and consumes fuel. Growing trade
and intense pressure to reduce cost place immense pressure is causing rapid deterioration of the
transportation infrastructuréelable 4 shows severakey data about freight transportation in
Europe summarized froTransport Research, 2009)
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Table4: Freight transportation facts

Total freight movement in EU 2650 billiontonnes

kilometres.
Road transport 72, 7%
Rail transport 17,1%
Water transport 4,9%
Average annual growth rate of 2,7%

freight transportation in the EU

Without a central focus on improving the transportation microsystem, the environmental impact
of this outdated system will have serious and irreversible consequences. To thisraircet al.
(2013) reviewed a large number of green road freight transjamtastudies and reached the

following main conclusion relevant for this research:

Most of the existing studies in the green road freight transportation sector have focused
mostly on vehicle load and speed optimisation, disregarding congestion and other

disruptions that may appear (i.e. environmental disruptions).

Another relevant finding which drives this research was performed by Huang et al. 2011 which
states that:
In the absence of proper solutions in the literature, it is important to investigat® how

deal in real time with disruptions in freight transportation and how to adapt automatically

while maintaining rationality and efficiency (both economic and environmental).

Furthermore(Beuthe et al., 2002)rgues that:

Road freight transportation is a core polluting sector which is also prone to most of the
risks, disasters and disruptions and since road freight transportation predominates (72,7%
of EUs freight transportation for example), these issues become even igrofieast

and need addressing.
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I SCMIFT resilience is based on collaboration-freation) flexibility, agility,
I RIFLIGFoAEtAGE YR O2yiNRffSR LINROSS
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Resilience promotes longerm development through process rengineering
OY2RSNYATFGA2Y0 YR AYTF2NXYIGAZ2Y

Findings bot3: SCM/FT and CAST based resilience under EMT and [

These statements do not infer that the focus should be set only on road freight transportation,
rather they mean that the proposed solutions should focus more on road freight transportation
which is more prone to disruptions while also considering othetemiguch as rail and water
transportation as alternative solutions to mitigate such disruptions. Thus one of the aims of
nowadayso research should be to determine inn
sustainability of the freight transgation during disruptions in order to enable resilience in an

environmentally sustainable manner.

Even more, transportation is a critical part of the EU economy (David & Fistung, 2011; Caragin,

et al. 2000), accounti ng f oftthe Buropaamjab market. dpf E UG
to now, there have been many approaches in the field of GFT. The research debate and also the
EU funded initiative prove the importance thfe GFT sector. As a proof, Tablepbesents

several core GFT related projects anskecstudies.

Table5: Freight transportation projects

Project/Case study Description

Cargo Domino Sustainable logistics through short intermodal frei
transportation(Cargo Domino EU Project, 2013)

StoraEnso Intermodal system for paper reel and pallet load
(StoraEnso Project, 2013)
Rail4Chem Scheduling block trains through a hub syst@Rail4Chem

EU Project, 2013)
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Distrivaart

GIFTS

INTERFACE

IMONODE

SMARTFREIGHT

I-CARGO

ADVANCE -LOGISTICS

CASAGRAS

EURIDICE

LALIFE

Other ICT Based GFT

projects and case studies

For the upcoming period, the growing importance of freight transportation towards progressing
to GFT is even more pressuring especially with the latest EU environmental regulations and
target objectives concerning this sector. More specifically, two nelévd guidelines for GFT

are the TENT programme for a competitive and resouefkcient transport system (Euopean

Innovative pallet level solution(Distrivaart EU Project
2013)

ICT for sustainable intermodal freight transportati
(GIFTS EU Project, 2013)

More optimized border crossing medures for freigh
transportation(INTERFACE Project, 2013)

Match priorities for intermodal nodes development v
existing and possible transport chains based on
transportation industry tendenci¢aifadopoulou, 2004)
ICT solutions for freight transportatio(6MARTFREIGHT
Project, 2013)

Intelligent cargo in efficient and sustainable global logis
operations(i-CARGO Project, 2013)

Advanced predictive analysis based decision support el
for logistics.(ADVANCE-LOGISTICS Project, 2013)

ICT based track and trace andstandardisation
(CASAGRAS Project, 2013)

Intelligent cargo for efficient, safe and environment:
friendly logistics (EURIDICE Project, 2013)

Long term ICT based freight trarmpation efficiency
(LALIFE Project, 2013)

(SUPERGREEN EU Project, 2013sMARTFUSION EU
Project, 2013)(SMART-CM EU Project, 2013 COFRET
EU Project, 2013)CREAM [59] and(Low Carbon Supply
Chains Project, 2012)
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Commission, 2012; lonescu, 2012 and Lile & Csorba, 2010) and Horizor{2@2i2on2020 |,
2012) for smart, greerand integrated transportation with a heavy reliance on technology to

achieve better support in decision making as well as towards enabling RGFT.

With such growing demand and implicitly emissions, noticeable at a global scale also,
transportation accountfor 26-28% of the global CO2 emissions (Schipper et al., 2011;
Chapman, 2007). Complexity within transportation systems is a critical aspect that drives the
negative outcomes of environmental sustainability (Richardson, 2005 and Himanen, Lee
Gosselin, & Paels, 2005) and that interferes with the achievement of the triple bottom line
(economic, environmental and social equity sustainability) especially during the strive to achieve

resilience in an environmentally sustainable manner.

In order to properly ah systematically address the issue of RGFT, the next section is tailored to
provide a systematic insight into the following research hypotheses (inquiries) which will be

presented, each, in the upcoming subsections:

RH6: Understand what resilience mechamss(related to GFT) do businesses implement
and to what extent these mechanisms include environmentally sustainable practices

RH8: Understand how can the GFISCM resilience mechanisms of businesses be
supported/fostered faster by other stakeholders frenetosystem

RH11: Understand the importance of business partnerships interconnectedness in terms
of enabling fast RGFT.

2.3.2.3 Answering RH6, RH8 and RH11.: Intersecting resilience and environmentally sustainable practices at
the cornerstone aécoresilience diffusion in an interconnected complex system

The literature contribution to analysing supply chain (and freight transportation network)
resilience is indeed wide and well established, however there is a substantially limited amount of
pagers that discus the concept of environmentally friendly resilience. One of the most recent
studies (systematic review) on supply chain resilience provided by Kamalahmadi & Parast
(2016) argues that nowadays complex and interconnected supply chainseed fomeffective
resilience mechanisms more than ever, especially in a globalized environment where the
multitude and wide scales of disruptions could cause severe damage (Fiksel et al., 2015; Melnyk

et al., 2014). Other core (but isolated) studies atlyaeresilience in supply chain management
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includes partially environmental and societal elements and some focus on the vision that

disruptions are sources of innovation (aspect which provides substantial insight towards

sustaining the theoreticifamewok proposed by this thesis i.e. to fit within the proposed
quintuple helix mesosystem under the boundaries of EMT, CAST, INT, ST, DIT). The

systematic categorization of frameworkfundathentalg s t

are:

(Partial or isolated relation to) environmental supply chain (and freight
transportation) resilience (RGFT) and ecological ecosystem linkage with the social
meso and micro systems when analysing sustainable and resilient development:
(Kamalahmadi & Parast, 2016; Miker et al., 2015; Petit et al., 2013; Manzini, 2013;
Jansson, 2013; Ponomarov, 2012; Fiksel, 2003).The core advancement in this field is
performed by Govindan et al. (2015) which discuss the paradigms of lean, green and
resilient supply chains in an effao fill the literature gaps towards overcoming isolated
researches on these topics (Francis & White, 2016; Azevedo et al., 2013; Cabral et al.,
2012; Carvalho et al., 2012; Carvalho et al., 2011; Hong et al., 2009; Rosic et al., 2009;
Anand & Kodali, 2@8; Glickman et al., 2006, Kainuma & Tawara, 2006). The authors
(Govindan et al., 2015) position green and resilient supply chains under the core drivers
of improving supply chain performance (during resilience mechanisms) while reducing
material waste andmproving resource efficiency/consumption. Even more, a recent
study by Francis & White (2016) demonstrates that a green and resilient supply chain
requires strong individual cultures of both environmental sustainability and resilience (in
order to ensurproper integration) which is also in line with Burnard & Bharma (2011).
Furthermore, Gogelci & Ponomarov (2013) establish how the increased capacity of an
institution to foster ecinnovations influences the ability to incorporate resilience which
becones a key argument towards relating EMT and DIT in a closer manner towards
explaining ecannovation adoption within CAST based systems from institutions to

mesosystem level (with further insight from INT and ST).

Supply chain (and freight transportation) resilience as a complex adaptive system

through transformation, co-creation, flexibility and forward looking behaviour
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(Kamalahmadi & Parast, 2016; Nooraie & Parast, 2016; Mari et al., 2015; Rajesh & Rauvi,
2015; Kim et al., 2015; Durach et al., 2015; &m=o et al., 2015; Perera et al., 2015;
Mensah et al., 2015; Gilly et al., 2014; Kristianto et al., 2014; Scholten et al., 2014;
Carvalho et al., 2012; Lengni¢Hall et al., 2011; Burnard & Bharma, 2011; Christopher

& Peck, 2004). The literature suggestlaar gap of resiliency supply chain analysis in
relation to CAST (Mari et al., 2015; Perera et al., 2015; Li et al., 2013; Zeballosa et al.,
2012; Zhao et al., 2011) strengthening thus the need for a morelépth analysis of
supply chain (and freightansportation resilience) within CAST frameworks.
Interconnectedness and careation/collaboration of stakeholders 7 including
stakeholder sensitivity and -@volution (Kamalahmadi & Parast, 2016; de Siqueira et al.,
2015; Choudhury et al., 2015; Kim &lt, 2015; Cardoso et al., 2015; Brandlmmes et

al., 2014; Wieland & Walenburg, 2013; Mandal, 2012; Blackhurst et al., 2011; Petit et
al., 2010; Falasca et al., 2008; Craighead et al., 2007; Tang, 2006, Christophet,iB004)
the sense that too muchrde i ty i ncreases complexity and
isolation may ko lead to severe disruptions.

Disruptions as sources of innovationfor supply chaini including (technological)
innovation outburst/adoption (and freight transportation) resilidfcancis & White,
2016; Choudhury et al., 2015; Akgun & Keskin, 2014; Gogelci & Ponomarov, 2013;
Demmer et al., 2011; Christopher & Hollweg, 2011; Pham et al., 2008; Reinmoeller &
Van Baardwijk, 2005; Hamel & Valikangas, 2003trengthening the argumetoiwards

the reliance on the DIT, however there is limited and isolated debate specifically about
ecainnovations towards the convergence of the EMT with DIT in the CAST based
microsystem.

Diffusion of (eco) innovations: Considering the above, the literature shows clear
positioning of supply chain (and freight transportation) institutional (or best case
microsystem) resilience within the CAST framework with interconnected entities,
however the debate on EMT influenced -@maovations diffusion through DIT, INT and

ST is still underdeveloped which explains the lack of proper adoption of
environmentally friendly resilience strategies (and only focusing on either one or the
other). In order to address such gaps, a core wenforpned by Smith & Stirling (2010)
focuses on the diffusion of (technological) ewooovations and the involved
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transformations within social systems during resilience mechanisms.  The authors
present pillars of systems transitions to fosteriaoovation diffusion during resilience
mechanisms: development of a shared eco/meso/miggstem level environmental
sustainability goal, path and-&volution (learning) which thus, involves-ceeation and
collaboration (in line with: Kamalahmadi & Parast, B)Choudhury et al., 2015; Kim et

al., 2015; Cardoso et al., 2015; Brandlmmes et al., 2014; Wieland & Walenburg, 2013;
Mandal, 2012; Van der Brugge & Van Raak, 2007; Quist, 2007; Sondejker et al., 2006).
The main gap identified by the authors residendbe previous cases, in terms of who is

the driver of cecreation at the mesosystem level (quintuple helix).

In a similar context, a previous researches performed by Donnellan et al (2007) and Antonelli
(2006) analyse how (technological) innovationffude across the mesosystem (quintuple helix)

in order to ensure resilience in a creative/innovative manner (in line with: Francis & White,
2016; Choudhury et al., 2015; Akgun & Keskin, 2014; Gogelci & Ponomarov, 2013; Demmer et
al., 2011; Christopher &lollweg, 2011; Atwell et al., 2008) at wider scales (however without
direct any reference to ecological practices as the more recent studies are performing). A
pioneering work related to the diffusion of eomovations within quintuple helix mesosystems
was provided by Grove et al. (2015)which argue that towards ensuring sustainability within
such a mesosystem, -ceeation, cedesign and multilateral edonowledge flows among the
involved stakeholders are critical (in line with: Kamalahmadi & Paradi;2@e Siqueira et al.,
2015; Choudhury et al., 2015; Kim et al., 2015; Cardoso et al., 2015; Brdndes et al., 2014;
Cornell et al., 2013; Mauser et al., 2013; Craglia et al., 2012; Mandal, 2012; Blackhurst et al.,
2011; Petit et al., 2010; Falascaabt 2008; Craighead et al., 2007; Tang, 2006, Christopher,
2004).

These findings clearly suggest thatareation at the quintuple helix mesosystem is the key
driver to RGFT (or any eemnovation) practice diffusion across CAST microsystems which is
deemed to explain based on DIT, EMT, INT and ST howirnovation practices scalg from
institutional level to ecosystem level, however there are little incentives towards empowering the

EMT to influence RGFTwith ecainnovations (Figure 16rovides an werview).
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CURRENT STATUS OF the SYSTEMATIC REVIEW ON RGFT PRACTICES WITHIN MICRO/MESO/ECO-SYSTEMS
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Figurel6: Systematic review status of the RGFT practices within micro/messystems
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2.3.2.5 Summary for RH6, RH8, and RH11 systematic analysis
Following the systematic analysis of RH6, RH8 and RH11, the following conclusions have

emerged:

RH6: Understand what resilience mechanisms (related to GFT) do businesses implement
and to what extent these mechanisms include environmentally sustgiredtiees

The results denote a clear segregation between resilience practice implementation and
environmental sustainability practice implementation among institutions (supply chain
and freight transportation) with very limited development in ensuringitgdu@oth
resilience and environmental sustainability). The very recent research effort2(214d)3
suggest that further research is required in proposing solutions and models based on
environmentally sustainable resilience mechanisms for supply chairsghtf

transportation) in order to ensure propefesolution at the mesosystem level.

RH8: Understand how can the GFT resilience mechanisms of businesses be
supported/fostered faster by other stakeholders from the ecosystem

The majority of research fases on analysing resilience in relation to CAST frameworks,
however (as mentioned above) with substantial lack of including environmental concerns
during the resilience (adaptation/transformation) processes of the RGFT microsystem.
Even more, the literate promotes the need for enhanceecation at the mesosystem
level in order for all the involved stakeholders to-eswlve, and exchange

knowledge/information towards ensuring optimum resilience.

RH11: Understand the importance of business partnessimperconnectedness in terms

of enabling fast RGFT

The findings denote a clear need forareation in terms of innovation diffusion across
the mesosystem towards enabling resilience in supply chain (freight transportation)
microsystems. Even more, diptions in microsystems are seen as key source of
innovation/renewal for the entire mesosystieimowever there is limited insight towards
properly linking the EMT with DIT towards sustaining that there is similar behaviour for
ecoinnovations rather than ffo innovations related to general optimizations.

Nevertheless, the findings support the CAST, INT and ST based influence in the
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behaviour of scaling up institutional innovations to mesosystem level by ensuring proper
network design at the microsystem leyeptimized interconnectedness). Similarly as
above, the clear research gap resides in frameworks that provide environmentally
sustainable supply chain (freight transportation) microsystem resilience in true co

creation at the mesosystem level.

Overall, the systematic analysis sustains the

thesisdé OBs in the following manner:
RGFT practices are explained and sustained (RH6, CRQ3, Pillar 7, OB2.3, OB2.4,
OB2.5) 17 however the core limitation reks in the lack of green practice inclusion
during resilience decision makingi as compared to GSCM practice
adoption/implementation discussion. Thus there is a missing bridge between EMT, DIT,
INT and ST in relation to RGFT implementation as compared dcergeneric GSCM
practice implementation (where the influence of the EMT and DIT was truly confirmed
as key drivers of eemnovation).
RGFT practice adoption among the mesosystem/microsystem stakeholders is a confirmed
gap especially in terms of edonovation diffusion and c@reation at the mesosystem
level (RH11, CRQA4, Pillar 3, Pillar 4, Pillar 5, Pillar 6, OB3.4) towards ensuring proper
co-evolution. There is a strong missing link both in terms of how DIT and EMT diffuse
inner/institutional innovatio across the mesosystem (as compared to GSCM practices
where clear evidence of EMT and DIT influence was discovered) as well as in terms of
how the INT and ST explain exogenous pressures towards RGFT practice adoption.
The RGFT microsystem reacts indeexiaa CAST based system (RH8, CRQ1, CRQS3,
CRQ7, Pillar 1, Pillar 2, Pillar 4, OB2.6, OB3.1) where interconnectedness among
stakeholders should be balanced, however there is a clear segregation of the research in
terms of ensuring environmentally sustainalaled resilient supply chains (freight
transportation) in paralleAll these are depicted in Figure 17 by showing to what extent
the literature review on the involved RHs respond to the need posed by the CRQs, OBs
and TFT Pillars.
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HOW DO THE SYSTEMATICALLY ANALYSED HYPOTHESES (RH6, RH8, RH11) RELATE TO THE CONVERGED RESEARCH
"~ T[RUESTIONS (CRQs), PhD OBJECTIVES (OBs) and PhD’s THEORETICAL FRAMEWORK PILLARS
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2.3.3 Overview on natural/weath@rduced disruptions on supply chains

The core aspect of focusing on natural/weather induced disruptions teltttesunpredictability

and randomness of these occurrences that stretch beyond any other type of
predictable/measurable disruptions (i.e. economic, political, $o@¥lile the majority of related
research resides in proposing operational efficiency gpioization during disruptions, with
nowadays societal pressure and empowerment, social and environmental responsibility can no
longer be left aside. The view of this thesis is that weather induced disruptions are a core source
of ecainnovation for the IEFT microsystem (and for the quintuple helix mesosystem overall) as
only in such harsh and unforeseen conditions, institutions are totally driven-tonegate and
self-adapt (achieve stability/resilience) in innovative ways which need to be outbusteded

up across the entire meso and ecosystem. The whole impact of wedtlued disruptions does

not stand within the borders of supply chains microsystems, rather, the entire quintuple helix
society is (physically) disrupted by such events. Whetveather induced disruptions can be
indeed predicted (to some extent), as the following systematic analysis will shoreation at

the mesosystem level is critical in order to support-ienovations that will mitigate the
damages and enable the resiorabf the complex system in an ecologically modernized manner

from individual institutiong to the entire stakeholder/system level.

In order to properly comprehend these aspects, this section is tailored to provide a systematic
insight into the follaving research hypotheses (inquiries):
RH1: Understand which weather conditions cause the most impactful disruptions in road
freight transportation from SEE
RH2: Understand what negative business outcomes emerge as a result of such
disruptions
RH3: Undersand what key performance indicators do business use and to what extent

when dealing with disruptions

The tremendous impact of natural/weathmetuced disruptions in supply chains and quintuple
helix mesosystems is putting an immense pressure for the involve stakeholders to better adapt,
prepare and predict such calamities. Such disasters are deemed (oelcantlyi over the past

20 years) affected more than 5.1 billion people and have caused severe damage to the

environmental ecosystem as well as to the quintuple helix social mesosystem and its stakeholders
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(Ergun et al., 2010). Similar issues with meraphasis on financial losses is also confirmed by

Li & Coates (2016). More specifically, the outcomes of such disruptions (caused by extreme
weatherrain, hurricanes, snow, extreme cold, winds, blizzards, earthquakes, floods, Hrought
have damaged the péigal infrastructures (i.e. road freight infrastructure, logistic centres,
communication meah®f quintuple helix mesosytems, have brought significant financial losses
to the stakeholders, have created social disruptiseshane & Victor, 2016Chhetri ¢ al.,

2016; Global risks, 2015; GAR, 2018/alch, 2015Van der Veqgt et al., 2019;hompson et al.,
2014; Surminski, 2013; Contestabile, 2013;Jarvis et al., 2Qirfhenluecke et al., 2012;
Natarajarathinam et al., 2009; Hale & Moberg, 2005) and hava $ghificant footprint on the
environmental ecosystem both in terms of the damage created as well as by {twsipost
damage driven by ineffective (non eteendly) resilience operations (Snyder et al., 2015; Ergun

et al., 2010; Nakano, 2009). Evenn@ouncertainty in such complex systems poses even more
the gravity of such disruptions specifically for freight transportation (Loh & Thai, 2015; Mattson
& Jenelius, 2015; Sanchéxdriguez et al., 2008) which is the most closely related/link with
hard danages and practices (rather than soft/tactical). This context is highly in line with the EMT
view on how the environment poses pressure/disruptions within its inner systems (i.e. quintuple

helix mesosystem and RGFT microsystem).

In a similar manner, amidepth study performed by Stecke & Kumar (2009) revealed that
natural/weather induced disruptions such as heat, storms, wild fires, ice storms, and snow have
caused more than 90% of economic losses from all natural/weather induced disruptions and laid
a aitical negative impact on the supply chain infrastructures (i.e. road freight transportation
mircosystem) as well as on the natural habitat/environn&antd et al., 2016; Kreibich et al.,

2014; Stern et al., 2013;nnenluecke et al., 2012; Ross, 200qther examples provided by
Monahan et al., (2003) show how earthquakes in Taiwan caused severe loss in the manufacturing
chains of microchips globally (thus, the propagation of the damage throughout the entire
complex system). Other similar examples arevjgted by Linnenluecke et al. (2012). These

findings prove even more the impact of EMT and its influence within the inner systems.

Such aspects have been highly acknowledged in a research that focused on resilient and

environmentally sustainable supplyains during disruptions (Mari & Memon, 2014). The
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authors focus on weatherduced disruptions and argue that the resilience mechanisms that
supply chains should adopt in such cases should be highly considerate towards low carbon
practices and resourcéieiency in a quintuple helix context (in line witNvright, 2015; Cai et

al., 2014;De Rosa et al., 2013; Cutter et al., 2013; Derissen et al., 2011; Rose, 2011; Turner,
2010; Lebel et al., 2006). This study is one of the most recent research whiti) (bicds

EMT and CAST towards explaining the easilience during natural/weather induced

disruptions in a quintuple helix mesosystem wider context.

Even more, one of the core and most recent papers (Bahadur & Doczi, 2016) positions the need
of A@amd wWNO0 institutional l evel i nnovation as
induced disruptions mitigation towards ensuring resilience in an environmentally conscious and
resource scae quintuple helix context where all the actors shouldcreae and

Amai nstreamo/ adopt such i nnovations i n or de
environmentally sustainable resilience/selfulation (Radjou et al., 2012; Bound & Thornton,

2012; ). The position of this paper is highly in line with the theoretremheworkproposed by

this thesis, in which institutional CAST based microsystemimcovatiors (EMT) are diffused

across thequintuple helix stakeholders mesosystem (INT, ST, DIT) in order to enable
environmentally sustainable resilience. A similar appinga specifically focused on
transportation systems is discussed by King et al. (2016) in terms of quintuple heleaton,

however no specific leverage of environmental sustainability is provided. These two recent
advancements are also in line withraypous study performed by Thorpe & Fennel (2012) and

Mari & Memon, (2014) which analysed the adaptive capacity of SMEs to natural/weather
induced disruptions in terms of achieving resilience in a climate change friendly manner. The
authors also argued theo-creation and proper bridges at the quintuple helix levels are critical

for ensuring this endeavour.

Another key work related to this thesis was recently published by Pescaroli & Alexander (2016).
The authors analyse the cascading effect of supmynatlisruptions across the panarchies of
complex and adaptive systems (CAST) in a rmutbsystem approach (in the same lines overall
with the model propose by this thesis) and with the same ideology of the DIT based creative

destruction concept (Holling001) and innovation scale, however the authors do not relate
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their model to the full quintuptaelix (specifically on social and environmental considerations)

focusing rather on various subsystems included in the supply chain microsystem.

In a more societal manner, Linnenluecke et al. (2012) have analysed in details the
natural/weather induced disruptions within the quintuple helix mesosystem in order to
understand what are the outcomes of such disruptions as well as how does the current operational
behaviour of individual institutions drives climate change (and thus, most of the extreme
natural/ weather induced disruptions). This ap
specifically on the intersection of the quintuple helix mesosysteth thie environmental
ecosystem (explain thus such interactions rather than most of the other existing research which
remotely focuses on analysing the relationship between the supply chain microsystem and the
guintuple helix mesois & indnmaith (Winm et ala 2000hAlley@ts wor
al., 2003; Hulme, 2003; Scheffer et al., 2001) which also sustain thikependence and
adherence to the quintuple helix-ceeation/cohesion. Linnenluecke et al. (2012) also argue for

the need for consth adaptation of this complex societal system in order to shiaqpad and co

evolve with the ecological ecosystem (similar with EMT based modernization in CAST

systems).

In the same line, (Van der Vegt et al., 2015) leverages the importance of sutatiadap
especially in the context where dense networks of actors (i.e. quintuple helix mesosystem and
even RGFT microsystem) suffer the most from tremendous weathered disruptions
throughout all the involved subystems. To the same extent, the awthalso argue that
organizational resilience is the core element that will enable micro and mesosystem resilience
through enhanced institutional capabilities that will laterleverage to the system level to
ensure wider scale resilien¢eonly through eféctive quintuple helix careation (Bach, 2015;
Tihanyi et al., 2014; Roechrich et al., 2014; Stevenson, 2014; Kahn et al., 2013; NRC, 2011,
McManus et al., 2008) highly in line with the CAST concern of the interconnectedness and
proximity of stakeholdexr when it comes to edanovation practice diffusion (EMT, DIT, INT,

ST). However, the heterogeneity and the different KPIs/goals of individual quintuple helix
institutions may hinder this ecreation towards ensuring weatheduced resilience in supply
chains (Van der Vegt, 2015; Agranoff, 2006; Ospina &-Sarranza, 2005).
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Finally, some of the key research limitations which require further analysis which have been
identified are (Pescaroli & Alexander, 2016; Li & Coates, 2016; Chhetri et al., 20§@erSet

al., 2015; Linnenluecke, 2015; Van der vegt, 2015; Mari & Memon, 2014; Thorpe & Fennel,
2012; Linnenluecke et al., 2012; Winn et al., 2010; Natarajarathinam et al., 2009; Stecke &
Kumar, 2009; Maon et al., 2009; Gorton et al., 2006; Berkhout,e2Q06; Spillan & Crandall,
2002):

1 Development of a base with natural/weather induced disruptions on supply chains and
their actual impact on the stakeholders involvesith the view that disruptions are a
source of renewal/(ecéfpnovation.

1 Developbetter cecreation and communication mechanisms at the mesosystem level
that would enable enhanced prediction and communication of such natural/weather
induced disruptions with initial root at the complex microsystem level (Chhetri et al.,
2016)

1 Understand how green and eefficient practices can be implemented during and-post
(natural/weather induced) disruptions (this is a major confirmed literature gap) and
how do the systems aavolve with the environment (during the resilience process).

1 Enable policy/quintuple helix coreation and better assessment of theresience
mechanisms at the mesosystem level (or in the view of Li & Coates (R0d&ier
integration of the involved fagentso/ stak

1 A core limitation specifically argued by (Linnenluecke, 2015) resides in quantifying
organizational change (across the systems) with better optimization between strictly
controlled practices and the freedom of innovations, flexibility and adaptation (Taleb,
2011; Farjoun, 2010). This is taken even further to argue the need to measure resilience
at the multistakeholder (quintuple helix) level where resilience should agale
through cecreation (in line with: Xavier, 2014; Urciuoli et al., 2014; Zoback, 2014;
Voss et la., 2013; Klibi et al., 2010; Ingirige et al., 2008; Craighead et al., 2007).

All these outcomesre visually displayed in Figure 18 which shows how the EMT driven
ecosystem generates disruptions that propagate acroseegwsystem and thmicrosystem

(which respondn a norenvironmentally friendly manner showing the key literature gap).

113



Natural/Weather induced
disruptionsimpactonthe
quintuple helix mesosystem and
on the CAST based RGFT
Microsystem

Excessiverain, blizzards, ice,
extreme heats/colds, floods,
earthquakes, drought

Research: (Li & Coates, 2016;
mee] Chhetri et al., 2016; Snyder et al,,
2015; Loh & Thai, 2015; Mattson
& Jenelius, 2015; Global risks,
2015; GAR, 2015; Van der Vegt
| et al,2015; Linnenluecke et al.,
2012; Ergun et al., 2010;
Natarajarathinamet al., 2009;
| Stecke & Kumar, 2009; Nakano,
| 2009; sanchez-Rodriguez et al.,
2008; Linnenluecke et al., 2012;
Ross, 2003; Hale & Moberg,
2005 Monahanet al., 2003)

Natural/
Weather
Disruption

Figurel8: Weather induced disruptions and their cregstem impact

| The need for green and resilient

level and by eco-innovation
diffusion in CAST based system

I
I
I
I
I
|
| Research: (Bahadur & Doczi,
2016;Mari & Memon, 2014; De
|
Rosaet al., 2013; Cutter et al.,
I 2013; Derissenet al., 2011; Rose,
| 2011;Turner, 2010;Lebel et al.,
2006; Radjouet al., 2012; Bound
I
& Thornton, 2012; Kinget al.
| (2016); Thorpe & Fennel (2012)
| Pescaroli&Alexander (2016);
| Winnet al., 2010; Alleyet al.,
2003; Hulme, 2003; Scheffer et
I al., 2001; Linnenluecke et al.
|
L

114

| supplychains(RGFT) through co- |
creation at the quintuple helix |

ecosystem level Li & Coates (2016)

R T e

al., 2007).

—

CRITICAL

(2012); Van der Vegt et al.,2015; |
Bach, 2015;Tihanyiet al.,, 2014;) |

GAP

K—eyTese_arcFIirEtaE:m;(P?sc;olﬁ AExa?deT, 20—16;_Li &_Co§es,_
2016; Chhetri et al., 2016; Snyder et al., 2015; Linnenluecke, 2015;
Van der vegt, 2015; Mari & Memon, 2014; Thorpe & Fennel, 2012;
Linnenluecke et al.,2012; Winnet al., 2010; Natarajarathinamet al.,
2009; Stecke & Kumar, 2009; Maon et al., 2009; Gorton et al., 2006;
Berkhout et al., 2006; Spillan & Crandall, 2002):

« Basewith disruptions & impact & eco-innovation capacity
* Quintuple Helix Mesosystem co-creation to support better
disruption forecasting (Chhetri et al., 2016)

« Quintuple helix co-evolution/modernization (EMT)

« KPlintegrationand green resilience measurement at the

Diffusing/Scaling up eco-innovation from institutions to
mesosystem through enhanced flexibility/adaptation and co-
creation (DIT, CAST, INT, ST) (Linnenluecke, 2015; Xavier, 2014;
Urciuolietal,, 2014; Zoback, 2014; Vosset la., 2013; Taleb, 2011;
Farjoun, 2010;Klibiet al., 2010; ingirige et al., 2008; Craighead et
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Overall, the findings related to natural/weatimetuced disruptions in RGFT/RGSCM are very
scarce, however the research gaps sustained by the literature are in high coherence with the ones

identified for the previous RHSs.

RH1: Understand which weather iditions cause the most impactful disruptions in road freight

transportation from SEE.

The core conditions that have been identified are related to extreme waathdrurricanes,
snow, extreme cold, winds, blizzards, earthquakes, floods, drought hotvekelis no specific
research that focuses on andepth analysis of these conditions in relation to RGFT/RGSCM

within a territory. Due to these limitations, RH1 partially responds to OB1.1.
RH2: Understand what negative business outcomes emerge agtafeuch disruptions

The core negative outcomes induced by such disruptions result primarily in economic downturns
(this is a core focus of the literature) with limited (and very recent) incentives to include societal
and environmental considerationoperly within the decision making factors when performing
damage assessment. RH2 is highly in line with CRQ4 in terms of the interconnectedness of the
institutions when it comes to disruption propagation andimtovation diffusion, however due

to the sgnificant research gaps, it only partially responds to OB2.1

RH3: Understand what key performance indicators do business use and to what extent when

dealing with disruptions

As in the previous cases, the indicators are mostly related to econamétiopal performance

with limited implications for environmental/social factors. However, the core finding of the
literature for this purpose resides in the necessary leverage of quintuple halpation towards
ensuring proper disruption assimilatiom an environmentally sustainable manner (i.e.
RGFT/RGSCM) however, there is a significantly large research gap confirmed by the majority
of the literature. For this purpose, RH3 is highly in line with CRQ1,3,6,7 as well as with
Pillars1,2,3,4,7 and partig in line with Pillars5,6 and OB2:3.1 and OB3.3, 3.4All these
outcomesare visually displayed ini§ure 19 by showing to what extent the literature review on
the involved RHs respond to the need posed by the CRQs, OBs and TFT Pillars.

115



HOW DO THE SYSTEMATICALLY ANALYSED HYPOTHESES (RH1, RH2, RH3) RELATE TO THE CONVERGED RESEARCH

I C-R(;I -pUESTIONS (CRQs), PhD OBJECTIVES (OBs) and PhD’s THEORETICAL FRAMEWORK PILLARS
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2.3.4 Thinking glocal: the region of South East Europe and RGFT

The focus of this thesis on the area of South East EFogere 20i which shows a UN map

for natural disasters and humanitarian crises clasificatehighly in line with the literature

trends in terms of providing solutions for developing and-loeome regions where the need for
efficient, future oriented and longrm sustainable are highly necessary in order to support
regional development and growth. To this end, literature strongly supports research contributions
for low-income/lessleveloped regions in order to ensure quintuple helix grodetikidis et al.,

2016; Bahadur & Doczi, 2015; Vogelstein, 2015; Basu et al., 2013; Radjou et al., 2012; Gupta,
2009). Even more, there are specific research suggestions denoting the need for environmental
sustainability (Bourlakis et al., 2014a; Bourlakis et al., 2014bYesiience mechanisms against
disruptions in less developed/low income/conflict regions, strengthening thus even more the
necessity of this thesisd model (Bull ough et

To this end, whether developed countries are comgtatapting to the latest trends in
RGFT/RGSCM, the SEE region is still struggling to grasp the complexity of achieving a true
enabling environment especially from a quintuple helixciation point of view (Baresel
Bofinger et al., 2007 and Baredgbfinger(b) et al., 2007)The reason for this aspect is usually
driven by past heavy industrial production, mendustrial areas, weak environmental
regulations, regulatory framework, industrial restructuring, environmental constrains, high
energy intensityjnefficient energy techwlogies(BareselBofinger(b) et al., 2007 which have
severely impacted on the freight transportation infrastructure (and supply chain infrastructure
overall) and which have limited research in this area. Furthermore, accordragniadhin et al.

(2009), SEE is not a homogeneous area which makes regional cooperation and policy integration
harder as well as any pemvironmental behaviours. All these issues have also been generated by
past war experiences in the central and west&®, 8xcommunist influence and the recent
harsh economic crisis. Nevertheless, efforts are being made in SEE in order to overcome these

shortcomings.
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Figure20: Geographical area of South East Eur(gieled on the map

Due to these issues, the SEE region requires rapid advancements in the field of (RGFT/RGSCM)

because and their integration within the quintuple helix mesosystem because:

The SEE region is a developing area which soon will properly integrate with othdy hig
developed and quantity intensive European freight transportation/supply chain corridors
(SEETAC, 2012) This aspect will have devastating effects on the SEE freight transportation
when increased volumes of traffic will prevail and will cause increased quintuple helix
disruptions under natural/weather induced events (due to the expectedly increased
intercomectedness and density of the systems). Even more so, this aspect will be worsened as
SEE is the freight gateway of Europe to the Far East.
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In times of harsh economic crisis and economic regulations, the SEE region requires proper
mechanisms for sustainable development which will also enable economic growth and
competitiveness (SEETAC, 2012 and Beskovnik & Jakomin, 2010). To this end, RGAW/GSC
and better ca@reation at the quintuple helix mesosystem in SEE will lead to increased efficiency

and better environmental regulation as well as multilateral growth.

The SEE region has a historical background on environmental disasters (as othearEurope
extremities with critical impact on freight transportation and supply chainacluding,

implicitly, impact at the quintuple helix mesosysteéngarthquakes, landslides, droughts, floods,

extreme temperatures, wildfires, storms and heavy snow durirtgnflidN, 2008)i which have

significant impact on the freight transportation infrastructure by causing infrastructure
degradation and disruptions which lead to severe environmental damage (Vaughan et al., 2015;
Cashinetal,@15; O6Brien et al ., 2015; Bedi a et al
2014; O6Connor et al ., 2014; Maurer et al ., y
proper understanding of RGFT/RGSCM.

There are initiatives in SEE for achiagi sustainable transportation, such as in the case of the
GIFT Project (2013) which aims to develop and ICT tool for intermodal trip planning with

minimum carbon foot print, however there is no evidence of any initiative from this region to
support directl resilience against the imminent natural/weather induced disruptions in a network

with a forecasted increased interconnectedness.

Similarly, in the context of the lack of research focus on the provision solutions freight
transportation in SEE and inmgeral for freight transportatiofBareselBofinger(b) et al., 2007),
research and policy argues that SEE should adherseteral global trends from the
transportation sector such as resilience, decision making anckaton (Hoa & Hansenova,
2006; Lile& Csorba, 2010; EU DG, 2006; Paraschiv et al., 2009 and Paraschiv et al., 2010).

It is thus of core relevance to focus the (primary) research in understanding the situation in SEE
towards properly proposing a global level framework for RGFT/RGSCM impitatien within

the theoretical boundaries proposed by this t
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2.3.58ummary of the systematic literature review

Table 6 shows anoverview on the current findings emerged from the systematic literature

review:

Table6: Brief outcomes of the systematic literature review

Systematic analysis results of the converged research questions (CRQs)

CRQ
CRQ2 Bottom-up: How can local level institutional
EMT driven eco-innovations (either transformative or
disruptive) diffuse faster under the DIT behaviour
and scaleup across the RGFT CAST driven
microsystem panarchy during crises towards enabling
resilience.

CRQ2 Top-down: How can the modernized
ecosystem level (explained by the ST) generateoec
innovation exogenous pressures on the individue
institutions (explained by INT) in an international
ecosystem and what are the institutional leve
responses to such induced modernization.

CRQ3 Transversal: What are the local level
institutional controlled processes of the CAST driven
RGFT microsystem and how do these institutional
controlled processes integrate and cevolve with the
ones of other quintuple helix stakeholders in order to
enable cocreation and fast eceinnovation adoption
(EMT, DIT) towards ensuring RGFT at the quintuple
helix mesosysterevel

CRQ4 Transversal: What are the effects of the
interconnectedness of the institutional leve
stakeholders and the location of the disruption within
a quintuple helix CAST based mesosystem on th
RGFT process in terms of the effectiveness of th
emerged ecannovation (EMT) diffusion (DIT).

CRQ5 Methodologies: What CAST systems
modelling and simulation, mixedmethods research
and behavioural analysis can be performed within an
ecosystem

CRQ6 Exogenous: How can stochastic externalitie:
induced disruptions (such as natural/weather
conditions) be better overcame in CAST ecosysterr
through ecoinnovation (EMT, DIT)

Brief outcome
Findings: Ecoinnovations are implemented at tl
institutional l evel Wi
RGFT/RGSCM/.
Gaps Quintuple helix cecreation for ecannovation
scaleup.

Findings: Ecoinnovations are implemented at tl
institutional level mostly as coercive means.

Gaps The role of ST, INT, EMT and DIT is nc
analysed irdepth within CAST micro/mesosystem
There is a high need to analyse such diffusion at
mesosystem level especially in lémcome regions.

Findings: The internal processes (KPIs)
involve both green and resilience typologies.
Gaps A common vision/goal and integration of ti
KPIs at the quintuple helix mesosystem towar
enabling RGFT/RGSCM.

rare

Findings: Ecainnovation diffusion requires higl
interconnectedness towards enabli
RGFT/RGSCM, however this scenario leads to h
disruption impact.

Gaps A quintuple helix moderated approach to
balance interconnectedness.

This item will be analysed in the methodology
section of this thesis.

Findings: Natural/weather induced disruptions ¢
be overcame through RGFT/RGSCM only at 1
Quintuple Helix mesosystem through-cieation.
Gaps An assessment and categorisation of s
disruptions and their impact on the involv
(sub)systems.
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Findings: DIT is core influencer however the ec
CRQ7 Transversal: How does the DIT properly | innovation adoption is mostly normative/coerci
explain the adoption of EMT by CAST based RGFT| and in some cases reacts as innovation leadershi|
institutions Gaps An assessment of the enecessancreation
and ceevolution at the quintuple helix mesosyste
to better foster ecmnovation diffusion.

The individually tested research hypotheses (RHSs) (as demonstrated in the previous subchapters)
are highly inline with the proposed model, with the CRQs and with the OBs:

RH1: Understand which natural/weather conditions cause the most impactful disruptions in

road freight transportation from SEE.

Core conditions rain, hurricanes, snow, extreme cold, winds, blizzards, earthquakes,
floods, drought however there is no specific research that focuses owepthnanalysis

of these conditions in relation to RGFT/RGSCM within a territory such as SEEtdu
these limitations, RH1 partially responds to OB1.1.

RH2: Understand what negative business outcomes emerge as a result of such disruptions

Lack of environmental and societal factors inclusion in the processes. RH2 is highly in
line with CRQ4 in tems of the interconnectedness of the institutions when it comes to
disruption propagation and eamovation diffusion, however due to the significant

research gaps, it only partially responds to OB2.1.

RH3: Understand what key performance indicators dsibess use and to what extent when

dealing with disruptions

Consistent with RH2. However, the core finding of the literature for this purpose resides
in the necessary leverage of quintuple helixcosation towards ensuring proper
disruption assimilationn an environmentally sustainable manner (i.e. RGFT/RGSCM)
however, there is a significantly large research gap confirmed by the majority of the
literature. For this purpose, RH3 is highly in line with CRQ1,3,6,7 as well as with
Pillars1,2,3,4,7 and partigin line with Pillars5,6 and OB2:3.1 and OB3.3, 3.4.
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RH6: Understand what resilience mechanisms (related to GFT) do businesses implement and to

what extent these mechanisms include environmentally sustainable practices

Limited integration between emwgnmental sustainability and resilience in
RGFT/RGSCM. The very recent research efforts (2BAB6) suggest that further
research is required in proposing solutions and models based on environmentally
sustainable resilience mechanisms for supply chamegyfit transportation) in order to

ensure proper eevolution at the mesosystem level.

RH8: Understand how can the GFT resilience mechanisms of businesses be supported/fostered
faster by other stakeholders from the ecosystem
The majority of research focuses on analysing resilience in relation to CAST frameworks,
however (as mentioned above) with substantial lack of including environmental concerns
during the resilience (adaptation/transformation) processes of the RGFT ntenosys

under proper quintuple helix exreation and c@volution.

RH11: Understand the importance of business partnerships interconnectedness in terms of
enabling fast RGFT
The findings denote a clear need forareation in terms of innovation diffusiorcrass
the mesosystem towards enabling resilience in supply chain (freight transportation)
microsystems. Even more, disruptions in microsystems are seen as key source of
innovation/renewal for the entire mesosysfieimowever there is limited insight towards
properly linking the EMT with DIT towards sustaining that there is similar behaviour for
ecoinnovations rather than for innovations related to general optimizations.
Nevertheless, the findings support the CAST, INT and ST based influence in the
behaviourof scaling up institutional innovations to mesosystem level by ensuring proper

network design at the microsystem level (optimized interconnectedness).

RH4 and RH9: Understand to which extent do businesses implement green practices during
their decisionmaking processes and understand to what extent to businesses respond to

ecosystem pressures in order to implement RGSCM/RGFT practices.
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GSCM practices are implemented at the institutional level, however, performance
reporting is being done at the Quintuplelix Mesosystem level. This is in line with the
EMT based explanations for eagmovation diffusion, however there is a gap related to
the diffusion of practices from the institutional level to the micro and mesosystem which
means that there is at leaste category of eemnovations that are implemented due to
coercive and normative measures imposed by the quintuple helix mesosystem. Co
creation within the GSCM/GFT microsystem towards-gcmvation implementation
leads to: balanced egnodernization ball stakeholders (with spillovers to the quintuple
helix mesosystem as explained by the EMT and the DIT). Furthermore, the
modernization process imposesaeation, partnerships, knowledge flows which form
strong networks that se#fdapt, providing thuan enhanced environment for a potential
seltfadaptation in case of disruptions (as explained by the CAST in relation to
RGSCM/RGFT). Finally, the ST and INT explain how localized institutions aim to
implement the quintuple helix eabrectives, however,ueh implementation imposes the

co-creation which leads to more enwdernization as explained by the EMT.

RH5: Understand what drivers and barriers do businesses face when aiming to adopt/implement
green practices
Drivers: institutional needs towards lbating more efficient (INT) but without diffusion
at the mesosystem level, coercive (quintuple helix pressures), inner drive to modernize
(EMT, DIT), institutional adoption as mimetic action (DIT) and institutional adoption as
normative pressure.
Barriers: Internal- organizational culture, top management support, financial resources,
sustainability mentality (mostly institutionally related). GSCM barriers categoty 2
Internal & External: Employee/stakeholder motivation and commitment to the joint
mission flexibility and resistance to change,-c@ation and collaboration abilities,
managing heterogeneity, access to proper information, training and skills. GSCM
barriers category 3 External: uncertainty of GSCM practice advancements globally,
proper pakies and effective careation directives.
Overcoming the GSCM implementation barriers and taking advantage of the drivers can
be done only with proper ecreation at the mesosystem level in order to understand how
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institutional eceinnovations are levaged at the micro and mesosystem levels (major
research gap). The systematic literature denotes that institutions do not have a benevolent
approach towards acting at the mesosystem level, unless they are coerced to do so. It is
important to understand tmeasons why institutions do not intent to have thisreation

which is required to fully grasp the impact of GSCM/GFT practices at the mesosystem

level.

RH7 and RH10: Understand how (to what extent) businesses interact with the GSCM/RGFT
stakeholders and understand how do the GSCM/GFT KPIs of businesses match with the ones of

the involved mesosystemds stakehol ders

The systematic review shows a clear interest in GSCNbpeance measurement at
more than just the institutional level by encompassing quintuple helix stakeholders in this
process, however there is no specific evidence that a clear direction is taken for this
purpose (as the previous findings suggested) wactiirms that institutions respond to
normative and coercive practices. This suggests that the ST explains how such
conformance takes place, however this does not explain how EMT base innovations take
place and get diffused (DIT) at the micro and mesosy$&eel. However, despite of the
already existence of these indicators, there is no structured and integrative approach taken
to analysehow they can comprise a full working mesosystem (and microsystem) in order
to assess the impact of GSCM implementatadnwider levels and there is a core
literature strand that advocates for this leveraged approach (from GSCM institutional
level to mesosystem level) in full coherence with the theoreticklamework of this

thesis.

2.4 Summary

Finally, to answer th&€€RQs and to explore the TFT Pillars derived from the organizational
theory review (2.1) as well as from the wisleale systematic literature review (section 2.3 based
on the methodology from section 2.pyovided in Chapter 2he following research aim and

objectives pertain:
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Aim: Develop a quintuple helix framework for the implementation of resilient and green road

freight transportation (RGFT/RGSCM) during natural/weather induced disruptions in South East

Europe.

Specific Objectives:

1 OB1: Assessment of extreme weather conditions (heavy rain, heaaves, snow, flods

and others) impact(institutional and ecosystem level, mixed methods):

o

OB1.1: Understand which weather conditions cause the most impactful
disruptions in roadreight transportation from SEE (relates to CRQ6).

1 OB2: Assessment of business impact and decision making processes against the

disruptions caused by such weather conditions (institutional level, mixed methods):

(0]

OB2.1 Understand what negative businesscomes emerge as a result of such
disruptions

OB2.2: Understand what (green) key performance indicators do business use and
to what extend when dealing with disruptions

0OB2.3: Understand to which exterto businesses implement green practices
during thér decision making processes

OB2.4: Undergand what drivers and barriers thusinesses face when aiming to
adopt/implement green practices

0OB2.5: Understand what resilience mechanisms do businesses implement and to
what extent these mechanisms includeiremvnentally sustainable practices

OB2.6: Understand how (to what extent) businesses interact with the RGFT

stakeholders.

1 OB3: Develop a framework for stakeholders to implement resilient and green road

freight transportation practices:

o

OB3.1: Investigate how can the resilience mechanisms of businesses be
supported/fostered faster by other stakeholders from the ecosystem (relates to
CRQ1, CRQ7).
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o OB3.2: Investigate to what extenbdousinesses respond to ecosystem pressures
in order to implement RGFpractices (relates to CRQ?2).

0 OB3.3: Compare the RGFT KPIs of businesses with the ones of the involved
mesosystemds stakeholders (relates to

o0 OB3.4: Establish the importance of business partnerships interconnectedness in
terms of enabling fast RGHTfelates to CRQ4).

0 OB3.5: Use modelling tools (SCENnAT) to show practical underpinnings of
implementing suitable RGFT (relates to CRQ5)

1 OB4: Develop several simulations to test the proposed framework with RGFT

mesosystem stakeholders (modelling & simulatig

The next chapterGhapter 3- primary research/methodology) will present in details how the
findings from the literature review (which form and sustain the CRQs, OB$REnhillars) will

be further extended/explored amyestigatedwithin the quintupe helix mesosystem of South
East Europe.

126



Chapter 3Research Methodology

3.1 Introduction

Scientific research methods are used to enable researchers to make valid observations,
interpretations and generalizations of certain phenomena through a set of standardized
techniques accepted by the wide research community. Taylor (2005) argues thdaysowa
research is an integral part of our society in which both quantitative (statistical) and qualitative
(textual, interpretive) methods are being employed. This is highly in line with the research
directions in RGFT/RGSCM which pushes towards the atilim of mixed methods (both
gualitative and quantitative) in order to derive critical insights in this highly complex and
expansive field (Faisal, 2016; Dubey et al., 2015; Chouwdhury & Hossan, 2014; Matnia

& LopezGamer o, 2014; O ik & Davis, 2012; ZHu ktda)., 2032 [Seuring,
2011;Psychogios and Priporas, 2007; Mangan et al., 2004; Creswell, 2003; Christy and Wood,
1999; Goodman, 1999).

In order to achieve their effectivene@hattacherjee, 2012ygues that research methods should

have the following qualities: replicability (other should be able to replicate the research),
precision, falsifiability (theory should have the property of being disproven, and parsimony
(always choose the simplest exipation). Basically, from a theoretical point of view, scientific
research for phenomenon explanation or investigation, require coricgptgperties of that
phenomenon that can be generalized. Furthermore, since the phenomenon is composed of many
conceps, constructs are required to abstractly study the properties of a concept in order to
iteratively analyze the phenomenon. Finally, variables are used to measure constructs and

explain phenomen@hattacherjee, 2012)

Generdly, conducting research involves as a preliminary stage conducting a literature review in
order to achieve a state of the art of a chosen phenomenon, to identify key researchers and ideas
related to the phenomenon and to identify the research limitategsstgat need to be addressed.
Then, a proper research methodology is being performed, followed by data collection, analysis
and interpretation. Bhattacherjee (2012) argues that pilot testing is a critical part of any research
since it can detect early g problems, even though it is generally neglected. Additionally, the

quality of research design can be measured through four variables: internal validity (checks the
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causality among the tested construct variables), external validity (generalizatiosuti§)re
construct validity (appropriate measurement for the theoretical concept) and statistical

conclusion validity (appropriateness of statistical meth{dsijs, 2004)

Selecting a proper research methodology varies frajeq to project and choosing the most
adequate one can significantly contribute to the successful outcome of the research. To this
extent, the literature provides many scientifically accepted methodologies, designs and their
related issues, whicl{Bhattacherjee, 2012summarized: exploratory research, descriptive
research, explanatory research, experimental studies, survey research, secondary research, case
research, focus group research, action research, ethnography, hicbfoan fall under either
gualitative (understanding a phenomenon) or quantitative (proving a phenomenon) research

categories.

After selecting the most suitable research methodology driven by the research type, a major stage
that influences the successful outcomes of the research is sampling (selecting a representative
subset of an entire population on which the research willebfnned.(Bhattacherjee, 2012)
discusses two main categories of sampling methods: probability sampling (simple random
sampling, systematic sampling, stratified sampling, cluster sampling, matched pairs sampling,
multi-stage sanpling and nofprobability sampling (convenience sampling, quota sampling,

expert sampling and snowball sampling).

Furthermore, after having the sample from which the desired data is intended to be collected,
data analysis and interpretation techniques le#ing employed in order to either collect new
findings, confirm theories or reveal issues. Depending on the research methodology used which
influences the collected data, data analysis can be qualitative (textual input mostly) or

guantitative (measurabénd fixed data).

One example of qualitative data analysis techniques (either as a-tglovinterviews or focus
groups) is the inductive content analysis (as qualitative data analysis method) is used in
situations where theory buildin@.e. throughframework developments required (which is
exactly the case for the purpose of this research) which means that this methodology is used in
cases where there is substantial lack of research/information to build a robust model that can be

subjected to coirinatory approaches (Elo & Kyngas, 2008; Thomas, 2006). To this end,
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inductive content analysis has been recently used quite extensively in environmentally
sustainable (including resilient) supply chain research due to the lack of sufficient models that
would grasp and properly integrate the complexity of this supply chain evolution (Wilhem et al.,

2016; Perrefranco et al., 2016; Chiarini & Douglas, 2015; Saldanha et al., 2015; Stevenson &
Busby, 2015).

Regarding quantitative data analysis, techniques vary.For example, Bhattacherjee (2012)
discusses two main categories of such techniques: descriptive analysis and inferential analysis
(hypothesis testingQuantitative data analysis is usually done using computer assisted programs
(such as SPSS, SASand data preparation is a key step before analysis. Depending on the
desired outcomes, a number of various statistical analysis techniques (univariate, bivariate,
multivariate, variance analysjsand algorithms can be employed (Newman & Benz, 1998;
Muijs, 2004).

A particular interest especially in logistics and operations management research is the usage of
computer science paradigms such as modelling and simulation which have been adopted as
social science research methods due to their capabilitiesetLal., 2002; Fleisch & Tellkamp,

2003; SimchiLevi, 2000; Wu & Olson, 2008; Chan & Chan, 2006; and Craighead et al., 2007).
Nevertheless, there is a clear distinction between software development and modelling and
simulation methodologies since modedin and si mul ati on are the #dfp
development process (usually modelling and simulation involve analysis, design, algorithm

implementation, testiny

Model development methodologies can widely vary and usually they are tailored aheund t
characteristics of the product to be developed. More specifically, these characteristics can refer
to the status of requirements gathering (at the beginning, ongoing, ambjgfdhe complexity

of the product, on the desired level of efficiency,tba available resources to allocate when
developing the productSome of these methodologies are: the waterfall model (step by step
process with all the requirements known befoaad), spiral (lineaiterative process),
incremental, prototyping, rapid dpgation development, scrum, extreme programming

Thus, the availability of research methods for scientific research can widely vary and have been

adapted for various purposes and from various disciplines. The main driver of their
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implementation relies ithe nature of the research question and in the desired outcomes. To this
extent it is of high importance to choose the most appropriateads for a specific research as

it will be shown in the following sections which present in details, the methodplagyed by

this thesis.

3.2 Research philosophy

The literature on research philosophies provides various directions and approaches when it
comes to adopting such vigwints that influence the design and outcomes of a specific
research, however the masiitable research philosophy that drives this thesis consists of the
critical realism paradigniinitiated byRoy Bha&ar). Critical realism bridges natural and social
worlds by emphasizing the need for special methods required to model/adapt to sartiaiest

(as compared to basic scientific experimentations such as modelling numbers or discrete events).
Social structures, in the views of critical realism, are capable of pursuing\mot reflection

and seHadaptation- as the entire goal of sociatructures is always to progress (Laclau &
Bhaskar, 2015; Archer et al.,, 2013; Bhaskar, 2013; Fleetwood & Ackroyd, 2004)all,

critical realism has substantial influence in economics, social structures and movements,
international relations and in madesocial science research which proves the evolution of this

paradigm to support nowadays research necessities.

Relating to the social science fundament of this thesis, it is of core importance to mention that
CAST, EMT, DIT, INT and ST are directly discussed in the literature under the framework of
the critical realist perspective of bridging natural and socialdscand thus, by adopting this
paradigm, the emerged research capacity is supported by the liteEatarethough CAST is

also discussed from the points of view of other disciplifi@smore de¢ails please see section
2.1.3), for the purpose of this th&sCAST is positioned at the intersection of the natural world
and the social worl@ being thus in full coherence with the critical realism perceptiongrall,

detailed elements in terms of how CAST, EMT, DIT, INT and ST integrate with critical realism
are discussed in section 2.1 (in terms of presenting the social science foundations of each

theory).

Finally, besides critical realism, this research adopts alpostpositivism approachiin which
describing a phenomenon can be done using empiriclisesiaombined with formalized logical
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reasoning by viewing the results in a probabilistic manner rather than in a certain one
(Bhattacherjee, 2014h order to strengthen the argument for the utilization of mixethod
research in good coherence with the related scientific research.

3.3Research design

The proposed research design contains a combination of several research methods that are
progessively integrated in order to achieve the desired outcomes. The research methodology is
composed on three main stages and a preliminary stage which is comprised alepthin
systematic literature review on RGFT/RGS(séction 2.3)hat will serve asnput to each of

the remaining stages and which will also be updated and consolidated after each stage.

Kleindorfer et al. (2005) performed a comprehensive literature review on sustainable operations
management and argues that research at that time was still at the beginning of understanding
(environmental) sustainability in operations research, thus afseigit transportation research.
Furthermore, researchers (such as Fahimnia et al., 2015; Govindan et al.D@béws et al.,

2013; Lin et al., 2013Dekker et al., 201;2Touati & Jost, 2012; Psaraftis & Panagakos, 2012;
David & Fistung, 2011; Chapma@p07; Schipper et al., 2011; Facana & Horvath, 2007) and
policy makers (Horizon2020, 2012) are arguing for further research and advances in
RGFT/RGSCM overall and in SEE (Bare®afinger et al., 2007), especially since there is little
evidence from the ihal literature review that significant scientific debate on RGFT/RGSCM

exists in this region.

The initial investigation also revealed that the use of technology (modelling & simulation) as a
methodological approach for RGFT/RGSCM research should alkgther researched in order

to achieve its maximum potential especially for the resilience components (Ferguson & Hadar,
2011; Melville, 2010; Helo & Szekely, 2005; Auramo et al., 2005). This is also revealed (as
shown in the previous secti@id) by thesystematic literature reviewAll this literature is sound

and highly cited in the field of RGFT/RGSCM (according to the high impact online citation
indexes from different sources), however it does not enable a critical understanding and

positioning of RGET/RGSCM within the quintuple helix mesosystem.
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In addition, previous research described in secfidh(systematic literature review) argues
indeed for the need of the quintuple helix approach proposed by this thesis, however there are
very little publiations that discuss (or the suggest) the need for the adequate and specific
research methods necessary for undertaking such a mission. Still, an initial (and very recent)
overview (related also to the systematic literature review presented in the preeuiics)
supports the methodological approach of the thasier the framework of critical realism and
postpositivism (as itwill be shown below) which is required in order revealtheory in the

highly complex field investigated by this research:

Resarch claiming for the need for mixed methods research in GSCM/GFTFaisal,
2016; Dubey et al., 2015; Chouwdhury & Hossan, 2014; MdAparin & Lopez
Gamero, 2014; O6Rour ke, 2014; Golicic &
Psychogios andPriporas, 2007; Mangan et al., 2004; Creswell, 2003; Christy and Wood,
1999; Goodman, 1999).

Research claiming for the need of mixed methods research in relation to analysing
resiliency performance in supply chains with tangency to RGFT/RGSCM
(Hohenstein et al., 2015; Qazi et al., 2015; Kilubi et al., 2015; Tabrizi & Razmi, 2013;
Pettit et al., 2013; Cadden et al., 2013).

Research claiming for the need of quantitative based modelling & decision support

in GSCM/GFT (Heckmann et al., 2015; Qagi al., 2015; Tattichi et al., 2015; Huerta
Barrientos et al., 2015; Seuring, 2013; Wu & Olson, 2008; Craighead et al., 2007,
Srivastava et al., 2007; Chan & Chan, 2006; Fleisch & Tellkamp, 2003; Lee et al., 2002;
SimchtLevi, 2000).

Research claiming or the need of mixed methods when analysing systems that
include environment, society and crossystem innovation/practce diffusion i
quintuple helix (Soosay & Hyland, 2015; Smith & Rupp, 2015; Sounders et al., 2015;
Power & Gruner, 2015; Deacon et aD12; Storer et al., 2014; Soundararajan & Brown,
2014; lofrida et al., 2014).
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In order to provide an initial overview on the methodology undertaken by this thesis, the main
aspects related to thkeoretical frameworkleveloped through the systematic ktierre review
(as well as the findings of the literature review) will be reiterated to understand its implications

for the selected research methodology:

1 Methodological implication 1: The theoretical framework involves multiple
stakeholders across variosigstems that aim to achieve-ceation towards eepractice
diffusion in order to lead to RGFT/RGSCM. Thus, heterogeneity and lack of common
understanding prevails. Regardless of whether the focus of the research will be set upon
institutions and how RGHFRRGSCM practices scalgp and then then down towards/from
mesosystem level, a major problem will be to undertake a confirmatory approach that
will bind all stakeholder§ which points towards the fact that a moredepth analysis
and insight into individal stakeholders will be required at some point throughout the
methodology. This aspect implies that the use of qualitative research metreods

necessary.

1 Methodological implication 2: There is very limited research in SEE (and in general
globally, in the literature) on all RGFT/RGSCM aspects (see all CRQs and objectives of
the PhD thesis) such as: the practices utilized by institutions, drivers, barriers, intentions
towards practice adoption, proper explanation of how INT, ST, DIT, CAST and EMT
interrelated, evidence of how cresgstem quintuple helix interaction takes place
Regardless of the fact that the literature provides isolated findings and evidence of
individual level research of the aforementioned aspects, there is no research thafl binds
these elements together. Thus, in order to enable a large SEE scale confirmatory
approach (quantitative) of all these elements and to measure the impact and validity of
the arguments, an initial exploratory (in depth, qualitative such as expertemis)wvill
be required in order to consolidate the systematic literature review findings specifically
for SEE. Only after such a phase, the idea of large scale confirm@oeven
exploration)can be achieved. However, it is of core importance to ndtete(tlue to the
lack of proper research), the findings of the systematic literature review are highly biased
on institutional level and do not properly explain how (even if confirmed) these

institutional practices scal@ to ecosystem level and triggeethecessary eoreation
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that will lead the intended RGFRGSCM at its maximum potential (apect which drives a

key demand for further research).

This institutional focus of the literature does not also explain how these practices of
supply chain institutins integrate and how they are monitored within the quintuple helix
mesosystem nor how resilience mechanisms are assimilated by all societal stakeholders.
Thus, (considering also Methodological implicationi linability to perform mass
confirmation amonghte heterogeneous quintuple helix mesosystent)erefore after
completing a large scale confirmatory approach at the institutional level in SEE (which
may contain institutional perceptions of how the quintuple helix interacts aoates),
another stagevould be required in order to explore how thiscceation, KPIs alignment

and developing a common mission at the quintuple helix mesosystem is required. One
approach for this exploration resides in taking the confirmed findings of the large scale
confirmatory study on SEE institutions and open debate (through focus groups and/or
interviews for example at a quintuple helix level) in order to understand how the
quintuple helix (mesosystem) could adopt/enable/support such practices and co
evolve/comoderniz together with institutions through emmovation diffusion (and

then influence other institutions to enwdernize). However, the idea of subjecting the
confirmed large scale findings should be done in a coherent and appliestichgse
manner in orderat provide the quintuple helix stakeholders with realistic scenarios of
how the intended outcomes of RGFT/RGSCM could be achieved. Therefore, this leads to

Methodological implication 3.

Methodological implication 3: Generally, as it will be shown beloviagre is a gap in the
literature in terms of providing modelling & simulation (software based) of
RGFT/RGSCM. There are indeed a wide number of simulated models focused on
optimization and cost efficiency (as shown by the systematic literature review)ydrowe
there is very little attempt to model & simulate resilience and even mimrenodel and
simulate environmentally sustainable resilience (RGFT/RGSCM). This implication is in

high cohesion with Methodological implication 2 which claims for the neee@aifstic

134



models of RGFT/RGSCM of institutions required to be subjected by an open exploratory

debate at the quintuple helix mesosystem level.

Thus, up to this point, the methodological implications derived by the systematic literature
review in relation @ the theoretical frameworlof the thesislead to the following proposed
research design that is undertaken by this thesis

Stage onelnitial qualitative exploratory approach (expert interviews in six SEE
countries) to ga a consolidated understanding ahstitutional level
implementatiorof RGFT/RGSCM in SEE.

0 Stage two Large scale exploratorygualitative) & confirmatory (quantitative)
approach of the findings identified iBtage one(including items that would
enableto identify the perceptions of institutions of hatvey cocreate with other
qguintuple helix stakeholdérg-inal valid sample N=311.

o Stage three Implementation of three focus groups with quintuple helix
stakeholders (with a focus on Greece this timenable usable & context specific
outcomes) aimed at confirming and extending the items exploremheestigated
in Stage two(as well as any other item not analysedStage tw) but at a
quintuple helix mesosystem level. The findings of the focus gwalligerve as a
quintuple helix implementation frameworkor RGFT/RGSCM/ Finally, the
supply chains of three companies from Greece will be modelled and simulated
using the Supply Chain Environmental Analysis Tool (SCENnAT) towards
identifying CO2 hotspotsnduced by weather disruptions in the transportation
system and the corresponding framewormerged through the previously
implemented focus groups (as well as the survey instrument resultsStaaa
two) will be proposed as mitigating strategies (subpbdtefinal crossvalidation

by the three companies involved).

An overview on the research design is presentdedgare 21below and indepth specifications

and justifications of each methodological stage will be performed in the upcoming subsections.
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=
I THEORETICAL FRAMEWORK of the THESIS (TFT)— INITIALFINDINGS (TO BE UPDATED AFTER |
| EACH STAGE): [
==l « Briefly: Lack of RGFT/RGSCM focus/research on assessing how eco-innovations during (2=
! disruptions are scaled-up from institutions to quintuple helix mesosystem based on INT, ST, |
I DIT,EMT and CAST. ,'
|
|
r
|

! STAGE 1: QUALITATIVE (EXPLORATORY)

Goal: Expand the TFT fundamentals to enable a large scale confirmatory approach.

' STAGE 2 (INSTITUTIONAL FOCUS AND INSTITUTIONAL CONVERGENCE TOWARDS MESOSYSTEM): I
I QUANTITATIVE & QUALITATIVE ( EXPLORATORY + CONFIRMATORY) |
> I
I

I

Goal: Confirm the institutional focus of the expanded TFT findings and identify institutional
convergence/co-creation points directed towards the mesosystem.

| STAGE 3 (MESOSYSTEM FOCUS AND MESOSYSTEM CONVERGENCE TOWARDS INSTITUTIONS):
: FOCUS GROUPS (EXPLORATORY QUALITATIVE) & MODELING & SIMULATION

|
I
I
I
! Goal: Organize focus groups at the quintuple helix mesosystem/stakeholder level to explore the !
¥ TFT findings emerged from STAGE2 as well as any other TFT aspects that were not addressed. :—

I

|

|

I

|

Then, develop and simulate practical/real-life scenarios (institutional level) in order to cross-
I validate the confirmed TFT findings and the mesosystem convergence/co-creation points (from
I institutional point of view) . This way, there is full bilateral coherence between the institutions
| and the quintuple helix mesosystem.

Figure21. Overview on the research design stages

Finally, the research questions driving the research design and stages are the CRQs defined in
section2.1.6 as well as the OBs defined in section 2.4 in order to sustaithebeetical

framework of the thesigillars defined in section 2.1.7.

3.3.1Stage ondlnstitutional Levely, Qualitativeinterviews
Qualitative methods in the area of SCM (including RGFT/RGSCM) have a very limited

application against the prevalence of pure quantitative (mathematical) models (for pure
optimization purposes) which dominate the related research. However, as it willrelstow,

over the recent years, qualitative methods are becoming more and more relevant with the
progressive integration of supply chains within quintuple helix mesosystems in terms of the

pressures and direction related to the impact of supply chaimtiastion societies. This aspect is
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even more pertinent for RGFT/RGSCM as this highly recent/new discipline requires a much
more indepth understanding from a mudtiakeholder point of view, aspect which cannot be
fully enabled by quantitative means. Thugialitative exploration is required. The claim for
exploratory qualitative methods in supply chain research has several core research support:

1 Exploratory (qualitative) methods (expert argemistructured interviews) are highly
relevant for supply chainesearch in order to fully understand specific behaviours that
involve complexities especially where there is substantial lack of knowledge (Bhamra,
2012; Ghencev et al., 2011; Peters et al., 2011; Golicic & Mentzer, 2005; Mollenkopf et
al., 2007; Yin, 208). Similar arguments are supported by (Faisal, 2016; Dubey et al.,
2015; Chouwdhury & Hossan, 2014; MoliAaorin & LopezGamero, 2014) which
integrate qualitative research in their mixeethod research strategy which is the case of
this thesis as well).

1 Exploratory (expert qualitative interviews) based on carefully selected samples can
provide high replicability featureg@nd increase model/construct validity) of the research
findings for supply chains risks & resilience (Lin & Zhou, 2011; Yin, 2009vIEqQ
2009; Seuring, 2008; Cooper & Schindler, 2008).

1 Exploratory qualitative approaches are relevant towards understanding supply chain
information flows throughout and among institutions (Roh et al., 2008)

1 A core research which is highly relevant tcstthesis is the one performed by Azevedo et
al. (2012) and earlier (partially) discussed by (Carvalho et al., 2010 and Folke et al.,
2002; Lewis, 2000) which prove how an exploratory qualitative (expert) approach can
provide better understanding of how eommentally sustainable practices are adopted by
institutions and how these practices sagleo the mesosystem in order to understand the
actual impact at the quintuple helix mesosystem level. This approach comes as means of
overcoming lack of clarityof phenomena and lack of behavioural understanding of the
involved events/actions (Rowley, 2002, Yin, 2002, Rosenzweig & Singh, 1991) with
tangency towards understanding sustainability practice implementation within supply
chains (Koplin et al., 2007, Tuek & Cohen, 2004). Similar arguments are supported by
(Soosay & Hyland, 2015; Smith & Rupp, 2015; Sounders et al., 2015; Power & Gruner,
2015; Deacon et al., 2014; Storer et al., 2014; Soundararajan & Brown, 2014; lofrida et
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al., 2014) which integrate quiative research in their mixemethod research strategy
which is the case of this thesis as well).

1 Another research performed by Wedawatta et al. (2010) utilizes exploratory qualitative
methods (complemented by quantitativeixed methods) such as caseds¢s and focus
groups in order to understand supply chain resilience under weather/natural induced
disruptions.

1 Furthermore, Gogelci & Ponomarov (2013) adopt a qualitative scelnased approach
towards understanding the relation between firm innova@mom innovation diffusion)
and the effectiveness of the resilience strategy and claim for the need of qualitative
approaches for this purpose.

1 A more recent utilization of exploratory qualitative methods is performed by Govindan et
al. (2014) which aima explore the impact of institutional environmentally sustainable
resilience on supply chains by incorporation the social element (converging thus to the
guintuple helix mesosystem).

1 Finally, converging on the resilience aspect, Fiksel (2006) strengthens the need of
focusing on complex systems approaches by arguing for the need of more qualitative
approaches when it comes to modelling &
thus to the CAST based RGFT/RGSCM microsystem).

To sum up, it can be surmised that qualitative exploratory approaches can provide substantial
insights into researching environmentally sustainable resilience in complex RGFT/RGSCM
microsystems with integratiom the quintuple helix mesosystem. To this end, theregeaal

ground to pursue such an approach for the first stage of this research. Following the systematic
literature review outcomes, due to the lack of significant research in the research quaestions
PhD objectives that were the drivers of the systematic literature review, a qualitative expert
based interviewopen ended questions based on the aim & objectives of thei®ph@posed as

means of gathering more insight into these matters (but with specific focus on SEE) in order to
be able to proceed to the large scale confirmatory survey (quantitative).

Thus, a qualitative interview has been developed based on the heebgctives of this PhD

thesis (which are sustained by the converged research questions, by the ptopossital
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frameworlb s pi Il Il ars and by the systematic review

presented in Table fave been included in theterview:

Table7: First staganquiries and their relation to CRQs, OBs &RdPillars

Interview item Related Related OB Related Pillar
CRQ

Overview on the business sectot

business value, availability of All All All

environmental management department
and demographics.

Overview on the negative busines

outcomes induced by (which) weather

induced disruptions upon the CRQ6 OB2.1 Pillar 1
transportation system and identification 0B2.2

of the utilized resilience KPIs

Understand what green practices (in

general) does the company implemen

and what drivers & barriers are CRQ2 0B2.3 Pillar 2
countered (with relation to quintuple OoB2.4

helix aspects also)

Understand  what  environmentally
sustainable resilience practices does th
company implement and how does th¢ CRQ3 OB2.5 Pillar 4
company communicate/cecreation with OB2.6 Pillar 7
other stakeholders (i.e. other enterprise
level institutions or quintuple helix ones)

Understand how can the resilience
mechanisms of businesses k

supported/fostered faster by other CRQ1 OB3.1 Pillar 4
stakeholders from the quintuple helix CRQ2 OB3.2 Pillar 5
mesosystem and what are the motivator: CRQ4 OB3.4 Pillar 6
(i.e. pressure, competition, CRQ7

interconnectednesk

Understand how compatible are the CRQ3 OB3.3 Pillar 2
KPIs of the company with the ones of Pillar 3

the other quintuple helix stakeholders
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The main purpose of this stage is not to pilot the main study that will follow in the second stage,
but to consolidate anéurther explore/confirmthe available information (resulted from the
systematic review) which will be used in order to create/aontlie structured survey in the
second stage (which basically will have structured information with clear purposes). Thus, this
first stage primarily aims to collect/explore a wide amount of textual information about
RGFT/RGSCM in SEE as well as twnfirm/explore the conclusions emerged through the
literature review. To this extent, this stage is a qualitative exploratory study performed via
telephone interviews with key stakeholders through stractured interviews (since it contains
guestions with textnput required from the interviewee as well as structured questions). The
survey structure including all consent forms and information sheet can be found in Appendix A.
It is important to mention that the information sheet contains general aspects labout t
terminology and concepts investigated by the research, however a very limited insight has been

provided to the interviewee in ordeotto lead to biased or suggested answers.

Since this stage aims to providedapth quality input for the second stagleich will deal with

wide sample surveys, its chosen sample is relatively small (six interviews per country),
however it is comprised from key stakeholders that have the most experience with
RGFT/RGSCM issues in SEE. Thus, the sampling method wsetbrprobability expert
sampling and the targeted population is formed out of port institutions, intermodal centres,
logistic centres, transport research centres, production/manufacturing companies with integrated

transportation

Regarding data collectin f or this phase, during the tele
answers have been recorded (after their written consent) in order to be able to make accurate
transcripts of their provided answers. The interviewees knew beforehand the questions of the
survey. Qualitative data analysis was performed on the collected data and based on the quality of
the new findings, the previously identified findings and variables were updated. The qualitative
analysis process was achieved by relying on the thematigseahd keyword mapping which

enabled objective qualitative data interpretation.

During this phase, a number of six interviews (each) from (Romania, Bulgaria, Serbia, FYROM,
Greece and Slovenia) have been approved and performed during Jaebargry 204.

Research ethics approval for the interviews has been received by the appropriate department
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from the University of Sheffield. More details about the findings of this stage can be found in the

data analysis section.

3.3.2Stage twdInstitutional levgl¢ Quantitative & galitative survey

The second stage is both a descriptive confirmatory and exploratory research formed of semi
structured questionnaire surveys, which aims to confirm at a large scdleThemerged from

the systeratic literature review and updated/enhanced through the previous stage (qualitative
exploratory). In order to achieve this aspect, a ssrctured questionnaire survey was designed

by using as input source tA&T pillars that grasp the literature advasacomplemented by the
previous stage. The questionnaire is sstnictured in order to enable the quantitative
measurement of the responses as well as qualitative data collection. The use of open ended
guestions has been limited only to the questions evhealitative input could better enhance the
value of the response. As there is no specific model to properly test (quantitativelyyTtlie
becomes thus critical to enable scientifically valid means that would lead to such a model
development. The suryalesign together with the consent forms and afferent documents can be
found in Appendix B.

With regards to the focus of the sunieylue to the limited access to a large pool of quintuple
helix actors the survey targets industry (businesses) in dalgain insights into th&FT at the
institutional level, however at core points, the perceptions of these institutions towards quintuple
helix mesosystem eoreation is also tested in order to better prepare the next stage of the
methodology as well as tmlentify the readiness of institutions to engage in the necessary
quintuple helix cecreation proposed by th@FT which is a core element of proper
RGFT/RGSCM implementation.

The questions from the survey cover the following constr{icible 8)emergedrom theTFT
and updated through the previous qualitative (exploratory) stage (with more specializations as it

can be seen in Appendix B):
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Table8: Second stage inquiries and their relation to CRQs, OBEFARillars

Survey Construct Related Related Related Sample of the literature that

CRQ (0]=] Pillar influenced the  construct
selection

Overview on the business sector

business value, availability of All All All
environmental management

department and demographics.

Balhadur & Doczi, 2016;

Overview on the negative busines: Chhetri et al., 2016; Globe
outcomes induced by (which) CRQG6 0B2.1 Pillar 1 risks, 2015; GAR, 2015; Val
weather-induced disruptions upon 0B2.2 der Vegt et al., 2015; Mari &
the transportation system and Memon, 2014; Zhu et al
identification of the utilized resilience 2012; lvanon et al., 2012; Va
KPIs (economic, operational, social, den Berg, 2011; Folke et al
environmental) 2010; Stecke & Kumar, 200¢

Bansal & Mcknight, 2009;

Chertow, 2009; Pathak et al

2007; Holling, 2001
Understand what green practices (in

general) does the company implemen Dubey et al.2015; Govindan e
and what drivers & barriers are | CRQ2 OB2.3 Pillar 2 al., 2015; Ivanaj et al., 201t
countered (with relation to quintuple 0B2.4 Tian et al., 2014; Shi et al
helix aspects also) 2014; Chakrabarty & Wang

2013; Sarkis et al., 2011; Le
2008; Chien & Shih, 2007
Papadopoulos & Giama, 200

Rivera, 2004
Understand what environmentally Dubey et al., 2015; Gondan et
sustainable resilience practices does al.,, 2015; Zhu et al., 201C
the company implement and how CRQ3 0B2.5 Pillar 4 Darnall et al., 2008; Hu et al
does the company communicate/eo OB2.6 Pillar 7 2008; Walker et al., 2008
creation with other stakeholders (i.e. Gonzales et al., 200¢
other enterprise level institutions or Handfield et al., 2005; Hervar
quintuple helix ones) et al., 2005;

Christopher & Peck, 2004
Bansal & Hunter, 2003, Sarkis

2003
Understand how can the resilience Govindan et al, 2015
mechanisms of businesses b Fahimnia et al., 2014; Zhu ¢

supported/fostered faster by other CRQ1 OB3.1 Pillar 4 al.,, 2012; Moore & Westley
stakeholders from the quintuple helix CRQZ2 OB3.2 Pillar 5 2011; Van den Berg, 2011
mesosystem and what are th¢e CRQ4 OB3.4 Pillar 6 Chertow, 2009; Atwell et al.
motivators (i.e. pressure, competition, CRQ7 2008; Jacobsson & Brgel
interconnectedness 2008; Walker et al.,, 2006
Walker et al., 2004
Ivanaj et al., 2015; Govindan ¢
al., 2015; Fahimnia et al., 201:
Hsu et al., 2013; Hu & Hsu
Understand how compatible are the 2010; Ninlawani et al., 201C
KPIs of the company with the ones of Pillar 2 Mont & Leire, 2009; Seuring &
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the other quintuple helix stakeholders| CRQ3 OB3.3 Pillar 3 Muller, 2008; Walker et al.
2008; Srivastava, 2007; Chie
& Shih, 2007; Wright &
Elcock, 2006; Tsotfhs &
Pappis, 2006; Yalabik et al
2005; Evans & Johnson, 200
Eveloy et al., 2005; Handfiels
et al., 2005; Widmer et all
2005; WEEE, 2003
Intentions to adopt RGFT/RGSCM
strategies/practices Acquaye et al., 2014; Kok
CRQ3 0OB2.5 Pillar 4 2014; Shi et al., 2014; Zhu ¢
0B2.6 Pillar 7 al., 2012; Venkatesh et al
2003
Perceived usefulness 0
implementing/adopting
RGFT/RGSCM strategies/practices | CRQ3 OB2.5 Pillar 4 Shi et al.,, 2014; Zhu et al
0B2.6 Pillar 7 2012; Bai et al, 2012;
Venkatesh et al., 2003
Perceived ease of use C
RGFT/RGSCM strategies/practices Shi et al., 2014; Genovese
CRQ3 0OB2.5 Pillar 4 al., 2014; Zhu et al.,, 201Z
OB2.6 Pillar 7 Venkatesh et al., 2003

After designing the survey, a pilot study was conducted with ten respondents (several institutions
used in the previous stage were contacted again, however other contact persons that the ones
used in the first stage in order to avoid biases) in ordersesaghe validity and acceptance/first
impression of the survey. More specifically, the pilot tested: the design and sample of the study,
time resource consumption and behaviour of the respondents. The population of the pilot was
selected using expert salimg techniques, since key stakeholders are required in order to guide
the direction of the study. These pilot stakeholders are of the same type as the ones used in the
first stage. The results of the pilot leaded to a minor adaptation of the surveyf #mel o
procedure overall (ho major or specific concerns were raised during the pilots).

Systematic sampling was used in order to select the proper population of RGFT/RGSCM related
stakeholders from SEE. Based on the number of the available population, a number of 1121
guestionnaires were delivered in hard copies to the following type of FRR&STM
stakeholders from SEE: port authorities, intermodal and logistical centres/hubs, logistic carriers
and freight transporters, intermediary logistics companies, 3PL companies, chambers of
commerce, research centres and academic institutions thatdiodusnsportation and logistics

in SEE, related policy makers and governmental bodies, business associations, NGOs,
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environmental association¥he targeted respondents are CEOs/general managers, operations
managers, environmental managers, consultantd, lagistics experts from the previously

mentioned sectors.

The collected data was:

1 (for the quantitative part) integrated into a statistical analysis software (SPSS) and
guantitative analysis techniques were. The analysis andsdisaus provided isection
4.3

1 (for the qualitative part) processed using inductive content analysis. The analysis and

discussion is provided in section 4.3

3.3.3Stage thre€Mesosystenteve) ¢ Focus groups andadelling
Whether the previous two stages collected and confirmed data (qualitatively and quantitatively)

mostly at the institutional level (and with limited institutional perception towards the
mesosystem), the third stage is aimed at evatidating andexploringthe previously identified
findings from the institutional level to the quintuple helix mesosystem I&aile the results of
the prevous two stage cover six countrieger SEE, the third stage will focus {@@pth) only on
Greece in order to ensure allwgefined framework that can be applied successfully in a specific

guintuple helix context. This was achieved through:

1 Three focus groupsover one and half yealsvebeen organized with the support of the
Triple Helix Association Chapter of Greece. Thoeds groups consisted of quintuple
helix stakeholders and their main purpose was to: i) arakkdate from a quintuple helix
point of view the institutional level findings emerged from the first two stages and ii)
collect primary data concerning the quipke helix mesosystem approach towards

ensuring a proper implemation of RGFT/RGSCM framework

1 Modelling and simulation of the supply chain of three representative companies from
Greece (after the quintuple helix lewploration& data collection). In order to achieve
this, the Supply Chain Environmental Analy3igol (SCENAT) was utilized (SCHEAT,

2016). SCENAT enables business process modelling and supply chain mapping in an
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online platform towards establishing the CO2 footpdhsupply chain operations and
towards the identification of environmentally and financially problematic hotspots within
the supply chains. Qualitative interviews with the specific companies were conducted
order to collect and confirm dat&ollowing the interviews, a SCEnAT model for each
supply chain was developed and for each of the problematic CO2 hotspots (focus was set
on CO2 intensive transportation resilience hotspots) the resultsStage ongStage

two and Stage threewere mapped as a prasgive RGFT/RGSCM implementation
framework (i.e. In this segment of the supply chain which is CO2 and energy intensive
caused by heavy snowfall, the following RGFT/RGSCM practices were recommended
under the following drivers/barriers). After the models evéinalized, the companies
have been contacted again in order to cka@dslate the proposkframework(both from

an institutional and quintuple helix mesosystem level).

3.3.31 Focus groups design
Focus groups, as means of engaging small groups istois$iion a thematic topic under the

moderation from the principal investigator, are perceived to be a key research method when
dealing with multiheterogeneous stakeholders that requirereation/ceevolution towards
establishing a common ground for tispecific theme/topic (Sweeney et al., 2015; Kamberelis &
Dimitriadis, 2013; Wibeck et al., 2007; Freeman. 2006).

Still, developing a strategy for effective and accurate knowledge capturing during a focus groups
represents a key challenge. To this end, one of the leading authors in focus group research
(Stevens, 1996) argues for the need of the following guidelinggeidevelopment of the focus

group questions and in the moderation of the focus group (also supported by Kamberelis &
Dimitriadis, 2013; Freeman, 2006; Kidd & Parshall, 2000):

Perceived relevace of the topic in discussion aathotions management

Identification of the main conflict and disagreement momentums during the focus group
Identification of the commonalities and alliances/agreements during the focus group
Identification for the dominant stakeholder

Identification of the silent stakeholder

= =4 4 4 -
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I What enabled conflict resolutions

1 Which interests were the most prevailing ones

Additionally, anotherfocus group organization best practices proposgdFreeman (2006)
proposes key strategies in terms of group composition (homogeneity and heterogeneity)
Specifically, the author recommends the need for a balanced heterogeneity within the group (or
at least for the participants to have some common prior knowledgeape&iion motivation) as
otherwise the points of view may never converge. This aspedtical for the purpose of this

thesis as the focus groups target quintuple helix mesosystem stakeholders (i.e. policy makers,
industry, society stakeholders, innovation stakeholders, environmentalistgjever, quintuple

helix co-creation necessity igighly confirmed (globally), and thus, as it will be shown in the
focus group analysis section, the convergence points do happen (regardless of the heterogeneity
of the stakeholders). Such views on heterogeneity are also shared by (Sweeney et al., 2015;
Kamberelis & Dimitriadis, 2013; Wibeck et al., 2007; Mangan et al., 2004; Kidd & Parshall,
2000).

One of the core research strands that extends the above mentioned practices but directly in the
field of supply chain management (SCM) in order to understamdoeimplementation of SCM

in a multistakeholder environment (i.e. quintuple helix mesosystem) is comprised by (Sweeney
et al, 2015; Stock et al., 2010; Guinpero et al., 2008; Seuring, 2005; Mangan et al., 2004). The
authors argue for the high needméthodological pluralism in addressing such complex topics

and focus groups become thus a key advancement in SCM methodological research especially
when it comes to mukstakeholder convergence issues. Such pluralism is also pertinent in
organizational dence research (i.e. ST, INT and CAST) that involve a rstdikeholder
approach towards ecreating solutions towards stability (i.e. DIT & EMT based solutions). Still,
there is very limited such effort in specific relation to RGFT & RGSCM as a sub$s:tf
(Gualandris et al., 2015; Pagel & Shevchenko, 2014; Connolly & Hyndman, 2013; Global
Reporting Initiative, 2013; GomzakBenito et al., 2011; Simpson, 2011; Sarkis et al., 2010).

In order to proceed with the focus groups organization, the handbdbkbioéogy proposed by
the University of Cambridge Social Science Research Guides (Hennink, 2007) was adapted and
utilized (as this was one of the highest cited resource for this purpose according to various

citation indexes)
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1 Step 1i Preparation
o Definition of the aim and objectives of the focus group:
A Converge & collect data overth&4dnd st age of this thes
A Converge & collect data over the CRQs, OBs aid Pillars of the
thesis.
o Establishment of the actual questions/discussion tdpice utilized during the
focus groups
o Establishment of the focus group duration-@&0minutes)
o Establishment & training of the key people during the event (1 principal
investigator, 1 moderator and 2 note takers)
o Establishment and preparation of dHlies considerations and consent sheets
o Establishment of the targeted dates and broader topics of the events (to be noted
that the focus groups have been integrated within wider scale -tabled
discussion organized by the Triple Helix Association Chapft&reece).

1 Step 2i Identification, recruitment and information of the focus group participants
0 Representatives (convenience expert sampling) from the following categories
have been targeted: policy makers, industry representatives, societal organizat
representatives, environmental organization representatives,
innovators/researchers/academics. The liaison with the representatives has been
done with the support of the Triple Helix Association Chapter of Greece. The
group composition mode was desigreccording to the guidelines provided by
Hennink, 2007 towards enabling meaningful knowledge-creation.
Specifically, the following three aspects have been considered:
A Novelty/objectivity of the groups (which were pegisting groups in
constant interetion either fully or partially at various other events)
A Demographic diversity
A Ensuring no power or friendly control within the group (to enable free
speech and limited biased answers)
0 The participants received an information sheet (prior to the event) upon which

they confirmed their interest in taking part.
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1 Step 3i Focus group implementation
o Briefing phase (brief introduction by the moderator on the topic of discussion &
on-spot logstics)
o Ethics sheets signing and collection
o Moderation style
A Performed by an expert moderator which encouraged viewpoint
diversification and free speech through innovative moderation techniques,
nonverbal means and stimulating materials.
o Two professinal notetakers thoroughly reported the event as well as the
principal investigator (as the participants did not agree on the use of recorded

medias) based on the best practices mentioned above.

1 Step 41 Post focus group reporting
0 Raw note consolidation by the two ndékers with countevalidation by the
principal investigator and moderator
o Final rawnote validation by the stakeholders present during the focus group
(email follow-up was performed for them to approve the notes).
o Application of inductive content analysis as qualitative data analysis on the

confirmed notes (following the approach described in section 4.1)

This stage covers all CRQs, OBs aflT Pillars of this thesis. The specific analysis of this

phase can be fodnn section 4.4L.

3.3.32 Modelling and simulation
SCM modelling was brought in context as a way to achieve the compromise between complexity

and the graspable representation/encapsulation of supply chain structures and behaviours into
models (Siddhartha & Sachan, 2016; Bruno et al., 2012; Min & Zhou,) 2082 authors have
created a taxonomy of supply chain modelling with four main directions: deterministic models,
stochastic models, hybrid models (simulation) and ICT driven models (ERP/GIS). Additionally,

the authors present an integrated modelling fraonke for supply chains with the following
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elements: supplier selection/inventory control, production/inventory, location/inventory control,
location/routing, and inventory control/transportation. Similarly, Pandey, (2013) presented steps
towards lowcarbon transportation by modelling freight transport networks to evaluate the
impact of routemodemix optimization. However, there is very limited research on

RGFT/RGSCM modelling that encapsulates both environmental sustainability and resiliency.

Even more, isnulation is one of the most effective methods to investigate logistics and supply
chain behaviour since it can also provide good outcomes in global optimization problems
(Siddhartha & Sachan, 2016; Barbati et al., 2012; Lee et al., 2002). The authershatgany
simulation model is based on either one of the two main methatiscrete and continuous.
Furthermore, supply chain simulation can also be used as an effective analysis tool to measure

performance (SimcHLievi et al., 2000).

Furthermore, acading to (Barbati et al., 2012; Fleisch & Tellkamp, 2003), supply chain
simulation is being used when certain characteristics of supply chains cannot be modelled with
analytical models. The authors argue that simulation cannot be used for optimizajiest fart
performance measurement. On the other hand, (Maheshwari & Jain, 2015; John & Sridharan,
2015; Wu & Olson, 2008 and Chan & Chan, 20@6jue that simulation can provide good
opportunities in dealing with supply chain risks and uncertainty whicld codeed provide

insight into the very limited existing research on modelling & simulation for RGFT/RGSCM.

Modern RGFT/RGSCM requires-ohepth analysis when it comes to modelling and simulation
and to this end, Lifecycle Assessment (LCA) methods that provide the CO2 footprint of the
modelled entities become more prevailent in the low carbon supply chaituliéandnich aim to
address the current limitations offered by the purely quantitative modelling solutions that
dominate this sector (Horton et al., 2015; Aquaye et al., 2014; Chourdhary et al., 2013; Genovese
et al., 2013; Koh et al., 2011; Lee et al., 2011

In this context, one of the suitable tools that can be used to model RGFT/RGSCM business
processes is the Supply Chain Environmental Analysis Tool (SCEnAT) which is highly
acclaimed in the field of low carbon optimization with immediate impact on ewicrend social
indicators (SCENAT Tool Report, 2015; SCEnAT LCA Report, 2Kidh et al., 2013; Acquaye

et al., 2012). SCEnAT has been used by more than 50 companies around the word (cross
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sectors) as well as by many academics as meamstdring and cosolidatingtheir low carbon

frameworks. To this end SCEnAT will be used in the following manner in this research:

A Step 1 Identification of a sample of three (3) representative industry institutions
(convenience sampling) from Greece that have a widplgughain and an interest in
eccefficient resilience strategies. The rationale is to map the supply chains of these
companies inside SCENnAT and identify the CO2 hotspots induced by weather
disruptions. For each of these hotspots, SCEnAT will automaticphygvide
recommendations (mostly on energy efficiency), however these recommendations will be
consolidated with the RGFT/RGSCM findings from the focus groups. Basically, this
exercise will enable companies to have an assessment of their negative eniasbnmen
impact caused by weather induced disruptions within their supply chains (through
SCEMAT) complemented by a frameworko overcome these disruptions in an
environmentally sustainable manner and in full integration with the quintuple helix
mesosysta. At this stage, the framewoikas beerconsolidatedat the quintuple helix
level through the focus groups meaning thus, that the proposals theframework are
converging with the views of the quintuple helix stakeholders and-tties company
willadoptst r at egi es which are compliant with al

A Step 2 In-depth exploratory qualitative interviews (expert interviews with managers)
with the chosen companies towards collecting data to be used for modelling. The data to
be colkcted consists of the bill of materials, supply chain structure, distances/locations of
the centres, personnel employed, en@gysumptior(a full list of such contents is found
in Appendix D).

A Step 3 Model |l i ng using SCEnAT dyfchainshand chose
development of the quimple helix RGFT/RGSCM frameworkimplementation
recommendations based on the emerged CO2 hotspots and previous findings from the
focus groups (previous stdtage).In more details modelling will be done in the
following situations: during normal operational flow (before any disruption), during
significant disruptions and after applying a suggested RGFT/RGSCM strategy (as

resulted fronStage twaand confired irStage thre@art ong.
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A Step 4 Confirmatory interviews with the chosen companies towards receiving their

feedback on the perceived suitability of the proposed recommendations.

The final input received by the three companies will be used to triangulate & specialize the
findings emergé from the focus groups towards ensuring that the RGFT/RGSCM

implementatiorframeworkbecomes more focused.

3.4 Research ethics
Al l three primary research stages have been

ethics policy under the falving approach:

1 Research ethics applications have been developed, submitted and approved at the
departmental and university level.

1 All participants (in all stages) have received an information sheet and consent form that
needed to be signed prior to the research. Appendices A, B and C show samples of such
information sheets and consent forms.

1 No relation between personal identificatiinformation and data collected has been kept
and/or maintained.

1 All raw (primary data) is being kept confidential at the research office of the South East
European Research Centre (for up to five years after the data collection) and only
aggregated/peessed data has been stored on a secure Google Drive location.

1 There are no financial benefits involved in the data collection process, nor there will be
any financial benefits gained after the completion of the research.

1 All respondents/participants were informed about their right to withdraw at any point

from the studies and they were subjected to now harm.

3.5Summary of the research design
Overall, the proposed researchesyn methodology introduces a novapproach in

RGFT/RGSCM research by proposing a combination of research mdthutis the framework
of critical realism and pogiositivism)that will enable a cutting edge exploration of the issues
involved. While responding to most of the literature claims in terhtheonecessity of such an

approach towards understanding the rmtiikeholder environment, the following high level
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limitations of the methodology are foreseen (more limitations are provided rottotusioni

Chapter & Use of expert sampling for thieterviews may lead to biased responses and potential
omissionsof other relevant stakeholdeii)e large geographical span may interfere with the data
consistency and relidly in the quantitative stageThe lack of general knowledge of the
respondent# relation to RGFT/RGSCM may trigger vatig concerns in their responseihe
confirmation of the modelling and simulation results may often lead to biased responses from the
companies in discussion (especially if the CO2 emissions are significantly thghcompanies

may be ralctant to approve this result); Finallyjlass data analysis shows homogeneity among
the responses from all countries in the first two stages, then the specialization of the third stage

on Greece only may trigger data validigncerns.

To conclude a flow-chart of the entire methodology design against theelihe which was

required to ensure the full implementatisrpresented in Figure 22
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&
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(Confirmat
ory} N=3

Qualitative
Mesosystem focus groups
level {Confirmatory
&
Exploratory)
N=3

| Quantitative &
: Qualitative
 Institutional T

1 level Confirmatory &
|

|
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{N=311)

. Qualitative Expert
Institutional Exploratory

level Interviews [N=6)

Figure22: Methodological timeline

The next chaptefChapter 4)presents the data analysis process following the implementation of

the research described in Chapter 3.
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Chapter 4DataAnalysis

4.1Introduction

This chapterprovides detailed insights into the data analysis and interpretation processes of each
stage of the methodology employed by this thésaeh of the three research stages is discussed

in a separate sectioiBection 4.2presents the results of Stage or8ection 4.3presents the
results of Stage two (with detsifor each item of the survey§gction 4.4oresents the results of
Stage three (with details for both the focus groups and modellingiamdatior); and Section

4.5 presents the overall summary of the data analysis.

The data analysis process for each stage is performed in a critical manner by relating to the
literature as well as to the CRQs, OBs and TFT Pillars, however the triangulation and advanced

critical discussion (of all stages together) is being performed in Cha(idéscussion,)

4.2 Stage oneQualitative exploratory interviews

This first stage (as described in the methodology design section) consists of qualitative
exploratory (expert)nterviewswith a representative samp(eix) undertaken with companies
from Romania, Bulgaria, SedyiGreece, FYROM and Slovenia.

4.2.1 Methodological approach for performing inductive contexdlysis
The literature provides various qualitative datalgsis methodologies (such as grounded theory,

keyword mappinghowever, for the purpose of this research, the key qualitative data analysis
methodology is inductive content analysis based on its suitability for the purpose of this first
(qualitative expbratory stage) as well as based on the high convergence of the literature towards
this methodology which in the view of Thomas (2006)s gaining the best momentum in
gualitative research (the publication of Thomas, 2006 is the leading one on qualédséisech

data analysis through inductive conténtvith more than 2000 citations according to Google

Scholar as well as by various journal citation indexes).

Inductive content analysis (as qualitative data analysis method) is used in situations where
framework developmenis required (which is exactly the case for the purpose of this research)

which means that this methodology is used in cases where there is substantial lack of
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research/information to build a robust model that can be subjectamhtiomatory approaches

(Elo & Kyngas, 2008; Thomas, 2006). To this end, inductive content analysis has been recently
used quite extensively in environmentally sustainable (including resilient) supply chain research
due to the lack of sufficient models thaould grasp and properly integrate the complexity of
this supply chain evolution (Wilhem et al., 2016; Peffeanco et al., 2016; Chiarini & Douglas,
2015; Saldanha et al., 2B; Stevenson & Busby, 20198ased on the work of (Thomas, 2006),
primarily, and confirmed/complemented by the aforementioned authors, inductive content
analysis has the following goals and assumptions:

Goal of inductive content analysis comprise heterogeneous wide ranges of text into a very
objective summary towards building welefined connections between the findings of the
analysis and the research objectives of the research. The ultimate goal is to propose/consolidate a

frameworkabout a certain behaviour that was explored through the qualitative research.

Assumption 1 Inductive content analysis (considering the fact that it builds links between the
findings and the initial research objectives) is thus a mix of deductive (i.e. the research
objectives/hypotheses emerged through a systematic literature review) and indbetiaet|al

outcome of content analysis).

Assumption 2 Inductive content analysis is based on data categorization (labels, text placed
within the labels, intecategory linksi all these integrated within a hierarchical or open
network) that would provideelevant input towards supporting an initial research model or

research objectives.

Assumption 3 Inductive content analysis may be biased on the experience and interest of the
researcher/interpreter and to mitigate this, a clear differentiation ofigvibatcore relevance in

the analysis must be set. Having this bias, the trustworthiness and validity of the emerged model
should be subjected to the following additional methodologies: research replication,
triangulation, comparison with similar models (tiey exist), feedback from the research

participants as well as from the final users.

Thus, the inductive content analygiBigure 23 showsits methodological stageg)rovides
substantial incentives to support the research ideology of this thesis.drspsmific terms, up to

this point, an initial theoretical framework (research model) has been proposed in two stages: 1)
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firstly through and organizational theoretical foundation point of view of the INT, ST, DIT,
CAST and EMT point of view in terms of pkining how RGFT/RGSCM can be implemented

in a continuous process (from institutions to mesosystem and from mesosystem back to
institutions). 2) Secondly this model based on the theoretical foundation fundament was
subjected and supported/updated throaghighly focused systematic literature review which
revealed the potential of sustaining the validity of this model, however it also revealed a severe
lack of research that woultbnsolidatehe model. This lack is even more severe as the focus of
the modéis SEE (which lacks research in comparison to average available publication in the

global environment).

At this point (after the systematic literature review which leaded to an initial model development
from which the specific research objectives hagerbderived), inductive content analysis will
provide a further step in developing/consolidating this model by ensuring qualitative linkages
among the core elements of the midtat lacks substantial datex@ctly in line with the goal of

inductive content analysis as well as with Assumption 1 and Assumption 3).

Even more, Assumption 3 of inductive content analysis is highly in line with the overall
methodology that will fully sustain the proposed modelréspecifically, in order to ensure the
validity of the inductive content analysis contribution to the model, three more stages will be
employed (in full coherence with Assumption 3): the findings of the inductive content analysis
will be triangulated witha large scale quantitative study and modelling & simulation as well as
focus groups & interviews with the actual users of the model (institutions and mesosystem
stakeholders) will be performedinally, in terms of the actual stages of inductive content
analysis, the following roadma(f-igure 23 sustained by (Wilhem et al., 2016; PerFganco et

al., 2016; Chiarini & Douglas, 2015; Saldanha et al., 2015; Stevenson & Busby, 2015; Elo &
Kyngas, 2008; Thomas, 2006) has beenlé@mented:

3. Creation of 4. Ongoi 5. Trustworthiness
2. Details categories, text v gulngd — by asking for
analysis/understan categorization and rt;i\nsmn a? £ participant
ding of the text identification of (CHREMENtE validation of the
) categories
overlaps model

1. Data
preparation

(formatting,
cleaning, etc)

Figure23: Inductive content analysis roadmap
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4.2.2 Qualitative exploratory interviewdindings

As described in section 3.3.4nd 4.21, a number of six qualitativenstructuredipenended
interviews(phone interviews, about 5D minuteshave been performed during Je®eptember
2014 (one per country from SEE) and inductive content analysis has been implemented in order
to achieve the goal of this first stage: to further consolidate through exploratitimetretical
frameworkderived tlough the systematic literature review. The participants-rftapagers in
their companies) have accepted to disclose their brand names as no highly sensitive data was

requested. The profile of the coapes is the following as presented in Table 9:

Table9: First stage demographics

Company Country/ Sector Profile

Branch

Alcatel-Lucent (was Romania Telecommunications R&D departme ROIl: >10 M EUR pa

bought by Nokia in with integrated global supply chai Status: Large enterprise
2016) (intermodal)
Alcatel-Lucent (was | Bulgaria Warehousing & Financial Service ROI: >10 M EUR pa
bought by Nokia in department with integrated global supyp Status: Large enterprise
2016) chain (intermodal)
Autoprevoznistvo Serbia 3PL CrossSEE Freight Transporter (roeé ROI: <0.5 M EUR pa
"Branko Urdih" freight) Status: SME
Transcombi Greece 3PL CrossSEE Freight Transporter (roé ROI: <0.5 M EUR pa
freight) Status: SME
Autoprevoznistvo Slovenia 3PL CrossSEE FreightTransporter (roac ROI: <0.5 M EUR pa
"Branko Urdih" freight) Status: SME
Provident Foods FYROM Canned food producer with integrati ROI: <0.5 M EUR pa
cross SEE freight transportation. (ro Status: SME
freight)

Overall, thefindings resulted after performing inductive content analysis with tretegy
described in section 42 (as it will be shownn Table 10 did not bring substantially new
information, however the findings did confirm to a certain extendrtaereticalframeworkof

the thesis leaving a promising ground for the next stage (confirmatory).
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Tablel0: Stage oneutcomes

Stage ond Qualitative exploratory interviews findings

Interview item

Overview on the negative business
outcomes  induced by (which)
weather-induced disruptions upon the
transportation system and
identification of the utilized resilience
KPIs.

Understand what green practices (in
general) does the company implemen
and what drivers & barriers are

countered (with relation to quintuple

helix aspects also)

Understand what environmentally
sustainable resilience practices doe
the company implement and how does
the company communicate/co
creation with other stakeholders (i.e.
other enterprise level institutions or

quintuple helix ones)

Understand how can the green
resilience mechanisms of businesse
be supported/fostered faster by other
stakeholders from the quintuple helix

mesosystem and what are the
motivators (i.e. pressure, competition,
interconnectednesk

Understand how compatible are the
KPIs of the company with the ones of
the other quintuple helix stakeholders

Romania

Financial losses & inefficiencies (waste
caused (only) by snow blizzards, storn
icy roads and accasionally floods. Nc
brand damage as the company is mai

leader. Three main KPIs for resilienc
cost, time and number of wron
deliveries.

The company has environment

certification and utilizes generic gree
mechanisms:  recycling, woiilace
energy efficiency & staff training. Gree
behaviour is normative and the ma
barriers are cost and lack of employ
interest.

Such practices are related to resou
consumption efficiency and the limitatio
of hazardous products (normative drive
which are imposed to its transportatic
subcontractors. The only interaction
the quintuple helix level is normative
towards policy and brand reputatic
(inner drive) towards the social image.
Green resilience can indeed be faster o
through collaboration at the quintup
helix stakeholder (mutual support ai
standardisation of practices/policies
transparency of operations, technolog
Main driver: normative. Main blocker
fear of competition and of practic
disclosure to environmental/societ
actors. Ecannovation implementation i
feasible but risky.

The mission (green resilience) can
indeed  compatible, however tt
mechanisms and the individual goals
KPIs cannot belmned.

Bulgaria

Financial losses & inefficiencies (waste
caused (mostly) by winds, storms, icy roa
and occasionally floods or heat waves. |
brand damage as the company is mal
leader. Main KPIs for resilience: cos
transportation time, timen-stock,
transportatia distance, staff involvement.

The company has envirorental
certification and utilizes generic gree
mechanisms: recycling, woydace energy
efficiency & staff training. Green behaviot
is normative and the main barriers are ¢
and lack of employee interest coupled w
lack of interpartner agreements.

Such practices are related to resou
consumption efficiency and the limitatio
of SKUs (inner financial driver) which ar
imposed to its transportati@ubcontractors
The only interaction at the quintuple hel

level is normative towards polic
compliance with very limited societe
engagement.

Green resilience can indeed be faster o
through collaboration at the quintuple hel
stakeholder (mutual support ar
standardisation of practices/policies
transparency of operations, technolog
Main driver: normative. Main blocker
heterogeneity andcomplexity of such
collaboration. Ecennovation
implementation is feasible but risky.

Green resilience mostly under resout
efficiency) can be indeed compatibl
however the mechanisms and the individi
goals & KPIs cannot be aligned especia

Serbia

Financial losses & severe freight deteriorati
caused (mostly) by winds, storms, icy roads ¢
occasionally floods or other hazards. Since

company is 3PLi severe brand damage

encountered. Main KPIs for resilienceost,
transportation time, accuracy and safety/integ
of the product delivery.

The trucks comply to the necessary normat
pressures (environmental), however the comp
does not have any dedicated green practi
Lack of motivation for more green practices
due to lack of normative drivers, lack ¢
societal/coercive drivers anthck of interest
from the contractors that higher this 3PL.

Such practices are related to resou
consumption efficiency and the limitation ¢
hazardous products (norrag driver) which can
cause regulatory penalties as well as driver sa
issues. No c@reation is being performed.

Green resilience can indeed be faster o
through collaboration at the quintuple hel
stakeholder (mutual support and standardisa
of practices/policies, transpcy of operations
better regional planning, enhanced transporta
infrastructure, use of technology). Main drive
normative. Main blocker: heterogeneity al
complexity of such collaboration. Ecc
innovation implementation is not something tt
the conpany can afford.

In absence of a prope quintuple helix
governance and integration of all actors in 1
decision making processes, there is
compatibility among the KPIs involved.
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Stage ond Qualitative exploratory interviews findings

Interview item

Overview on the negative business
outcomes  induced by (which)
weatherinduced disruptions upon the
transportation system and
identification of the utilized resilience
KPIs

Understand what green practices (in
general) does the company implemen
and what drivers & barriers are

countered (with relation to quintuple

helix aspects also)

Understand what ewvironmentally

sustainable resilience practices doe
the company implement and how does
the company communicate/co
creation with other stakeholders (i.e.
other enterprise level institutions or
quintuple helix ones)

Understand how can the green
resilience mechanisms of businesse
be supported/fostered faster by other
stakeholders from the quintuple helix

mesosystem and what are the
motivators (i.e. pressure, competition,
interconnectednesk

Understand how compatible are the
KPIs of the company with the ones of
the other quintuple helix stakeholders

FYROM

Financial losses, delays and car
deterioration caused (mostly) by wind
storms and blizzardsSince the compan
operates in the food sector, transportat
safety is critical. KPIs for resilience: cos
transportation  time, accuracy ar
safety/integrity of the product delivery.

The trucks comply to the necesse
normative presges (environmental)
however the company does not have ¢
dedicated green practices due to lack
normative and coercive pressures.

Such practices are related to resou
consumption efficiency (financial driver,
No cocreation is being performed. Oth:
environmentally sustainable practices ¢
related to renewable energy (solar pant
but there is no general strategy in ti
matter (normative & coercive)

Green resilience can indeed be faster o
through collaboration at the quintup
helix stakeholder (mutual support ai
standardisation of practices/policie
transparency of operations, betl
regional planing, enhancec
transportation infrastructure, use
technology), however the FYRON
context is far behind.

In absence of a proper quintuple he
governance and integration of all actc
in the decision making processes, thert
no compatibility among the KPIs
involved (nor will be in the near future).

due to lack of governmental support and
societal pressure.

Greece

Financial losses & inefficiencies (waste
caused (mostly) bywinds, storms, anc
occasionally icy roads or heat waves. Sir
the company is 3PLibrand damage it
encountered. KPIs for resilience: co:
transportation  time,  accuracy  ar
safety/integrity of the product delivery.

The company has environment
certification and utilizes generic gree
mechanisms: worplace energy efficiency
& staff training. Green behaviour i
normative and the main barriers are cost i
lack of employee interest coupled with laj
of inter-partner agreements.

Such practicesare related to resourc
consumption efficiency and the limitatio
of social & environmental hazarc
(normative driver). Cereation is starting tc
be initiated in terms of collaboration wit
environmental and/or social organizatio
however there is lackf@oordination.

Green resilience can indeed be faster o
through collaboration at the quintuple he
stakeholder (mutual support ar
standardisation of practisgolicies &
transparency of operations, technolog
Main driver: normative & coercive. Mair
blocker: heterogeneity and complexity
such collaboration. Eemnovation
implementation is feasible but risky ar
requires collaboration at the regional level
There is very limited compatibility of th
KPIs, however normative (and late
coercive i society & environmenta
organisations) play a great role towards k
alignment.

Slovenia

Financial losses & inefficiencies (wastesaused
(mostly) by winds, storms, icy roads ai
occasionally floods or other hazards. Since

company is 3PLi severe brand damage

encountered. Main KPIs for resilience: co
transportation time, accuracy and safety/integ
of the product delivegr with core leverage o
safety factors.

The trucks comply to the necessary normat
pressures (environmental), however the comp
does not have grdedicated green practices. La
of motivation for more green practices is due
lack of normative drivers, lack of societal/coerci
drivers and lack of interest from the contract
that higher this 3PL (recent trends are developi
Such practices are related to resou
consumption efficiency and the limitation ¢
hazardous products (normative driver) which ¢
cause regulatory penalties as well as driver sa
issues. Ceareation is starting to be initiated i
tems of collaboration with environmental and/
social organizations.

Green resilience can indeed be faster only thro
collaboration at the quintuple helix stakeholc
(mutual support and standardisation
practices/policies, transparency of operatio
better regional planning, enhanced transporta
infrastructure, us of technology). Main driver
normative. Main blocker: heterogeneity al
complexity of such collaboration. Edonovation
implementation is not something that the comp:
can afford.

In absence of a proper qtuple helix governance
and integration of all actors in the decisi
making processes, there is no compatibi
among the KPIs involved however society
pressures for this compatibility.
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4.2.3 Qualitative exploratory interviewsmplicatons

The findngs presented in section £zhave been crosalidated (by asking confirmation from

the interviews after the interview results have been structured through inductive content
analysis). The findings are, in general lines, in coherence thith proposedtheoretical
framework however in certain casésas it will show below, novel insight has been provided.
These outcomes will be used to strengthen the systematic literature reviewtheasedical
frameworkof this thesis and to provide @mput for the second stage.

The implications of the firH&TPillartsaaegeds results

Firslty, this first research stage contributes to CRQ1, CRQ2, CRQ3, CRQ6, CRQ7 (also
relates to OB3.1, OB3.2, OB3.3, OB3.4)y arguing that in order for edonovations to be

diffused (as stipulated by the DIT) at the entire mesosjdesi, cocreation is requiregointing

towards EMT researcln a quintuple helix frameworki([ é ] wi || work only
coll aboredtieeov,e ftilhah wor king together [é] <can
such practices, however | a m )i bding thus coasistertht at t

with (Ilvanaj et al., 2015; Hsu et al., 2013; Hu & Hsu, 2010; Ninlawani et al.,; 2000t &

Leire, 2009; Seuring & Muller, 2008; Walker et al., 2008; Srivastava, 2007; Chien & Shih, 2007;
Wright & Elcock, 2006; Tsoulfas & Pappis, 2006; Yalabik et al., 2005; Evans & Johnson, 2005;
Eveloy et al., 2005; Handfield et al., 200&}¥ well as ¥ providing insights into the fact that the
modernized & complex mesosystem can indeed generate normative (institutional) pressures
(explained by INT and ST) on the mesosystem (i.e. to adopt especially technology based
RGFT/RGSCM practices) towards enalliacoresilience (CAST based), however this process

i's not properly taking place due to | ack of
system as well as due to the different objectives of the involved quintuple helix stakebslders
also mentioed by (Dubey et al., 2015; Govindan et al., 2015; Ivanaj et al., 2015; Tian et al.,
2014; Chakrabarty & Wang, 2013; Lee, 2008; Chien & Shih, 2007; Papadopoulos & Giama,
2007) (Hu & Hsu, 2010; Zhu & Sarkis, 2006; Widmer et al., 2005; Huang, 2005)

For example, in Greece and Slovenia it has been identified siheiety & environmental
organigsitions are the triggers/generators/orchestrators ofin@owation adoption at the

ecosystem level as well as the triggers of quintuple helix KPI anda@alaalignnent in terms of
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RGFT/RGSCM practice adoptidni s oci ety including out cust ome
to be green and responsi ble more than the act
day we need to comply to what our target market den&@On the other hand, in Romania,

Serbia and Bulgaria, the government is seen as key stakeholder that should trigger the quintuple
helix cocreation towards eemnovation adoptiorf tiie government is the key actor that pushes

us [businesses] to be gme.)Alternatively, in FYROM, the perception is that theren@ssuch

contextual discussiodue to theunded evel oped st atheseisovéry littidtalkac ount r
each stakeholder about these issu¢s conf i rmi ng t hus ( &alyd0ibdan et
Chakrabarty & Wang, 2013; Hsu et al., 2013; Shi et al., 2012; Rehman & Shrivastava, 2011; Zhu

et al., 2010; Testa & Iraldo, 2010; Carter & Rogers, 2008; Chen, 2008; Vachon & Klassen, 2007;
Chien & Shih, 2007; Ellen et al., 2006; Capaldi, 2005ere is no clear evidence of how this

first stage impacts though &@RQ4 and CRQ5(as this was not the purpose of this stage). These
findings provide also (limited but useful) confirmation Riflar 2, Pillar 3, Pillar 3, Pillar 5

and Pillar 6 of theTFT. Pillar 1 and Pillar 7 are not substantially informed by these findings.

Secondly, he first stagealsocontributes to OB1by confirming several of the extreme weather
disruptions identified through the systematic literature review. For example, Rgrémenia,
Bulgaria and Serbia countries encounter extreme winds, blizzards, icy roads, storms and in
several cases floodsas core disruptions for the freight transportation system, while Greece and
FYROM encounter mostly extreme winds, storms andery vsolated casek extreme wheat
wavesextending thus the work of (Li & Coates, 2016; Chhetri et al., 2016; Snyder et al., 2015;
Loh & Thai, 2015; Mattson & Jenelius, 2015; Global risks, 2015; GAR, 2015; Van der Veqgt et
al., 2015; Linnenluecke et al.022; Ergun et al., 2010; Natarajarathinam et al., 2009; Stecke &
Kumar, 2009; Nakano, 2009; Sanckeadriguez et al., 2008; Linnenluecke et al., 2012; Ross,
2003; Hale & Moberg, 2005 Monahan et al., 2003)

Thirdly, t he first stage contributes to OB2.1, OB.2, OB2.3, OB2.4, OB2.5, OB2.by
denoting the following negative business outcomes induced by natural/weather disruptions:
financial losses, delays (in all countries), cargo deterioration (in FYROM and Serbia), brand
damage (Serbia, Slovenia, FYROM) ageneral inefficiencies/wastes (in Romania, Bulgaria,
Greece and Slovenia). Additionally, the first stage revealed that businesses use the following

KPIs when dealing with resilience: cost, recovery time and accuracy of the delivered product (all
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countries) safety of the product delivery (Serbia, FYROM, Greece, Sloveniggtomktimeline
(Bulgaria) Furthermore, businesses do implement green practices as means of normative drivers,
however most of these practices are not directly linked teresibence(being rather indirect
effects of cost optimizatiori such as resource efficiency) supporting thus the claims of
(Govindan et al., 2015; Ivanaj et al., 2015; Zaabi et al., 2013; Balasubramaniam, 2012; Diabat &
Govindan, 2011; Vachon & Klassen, 2008; Sharfman et al., 2007; Verghese & Lewis, 2007;
Hick, 2000)

Neverthelessas mentioned beforén countries such as Greece and Slovénenvironmental

and social considerations are seen to become the new drivers of coercive (this time) adoption of
RGFT/RGSCM practices as wider depths. The interviews reveaktdthiere is no clear

reference taspecific resilience practicasther than having generic risk mitigation mechanisms

under cos & time efficiency 1 primarily ( iy e s we i mpl ement ri sk n
management but we do not have an environmentallydisieappproach to forecast and prepare

t hi. &idally, the results show that there is limited-aeation among the quintuple helix
stakeholders and that there is no general coordination in terms of RGFT/RGSCM practice
diffusion and KPI alignment ie neecc ol | abor ati on and wor ki ng t oc¢
happening atthemomeén) bei ng t hus consistent with (Il van
Hsu, 2010; Ninlawani et al., 2010; Mont & Leire, 2009; Seuring & Muller, 2008; Walker et al.,

2008; Srvastava, 2007; Chien & Shih, 2007; Wright & Elcock, 2006; Tsoulfas & Pappis, 2006;
Yalabik et al., 2005; Evans & Johnson, 2005; Eveloy et al., 2005; Handfield et al., 2005; Widmer

et al., 2005; WEEE, 2003Lountries such as Greece and Slovenia believethibacocreation

triggers should be society & environmental organizations, while the others, perceive that the

government should be the trigger.

These aspects revealed through the first stage do provide an initial input into understanding the
core disrupons, and serve as basis for inclusion (besides many other factors revealed through
the literature review) in the second stage (confirmatory survey) in order tanekstxploreat

large scale and in more depths the hypotheses.
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4.3 Stage twoQuantitative confirmatory & exploratory survey

The second stage of the research methodology (survey) was implemented in six SEE countries
(Romania, Serbia, FYROM, Bulgaria, Greece, Slovenia) and the following industries were
targeted: freight transportah carriers, general logistics service providers, 3PL/4PL carriers,
Production/Manufacturing with integrated transportation companies, and retail/commerce

companies with integrated transportation.

The surveys were hand delivered to the companies viarketnsurvey and research company.

They were handed to managers and/or staff responsible for environmental management. After
the completion of the surveys by the managers, the responsible staff collected the hard copies of
the surveys and mailed the respes to the researcher (with full anonymity and without any
reference to the company and the person filling in the survey). The data collection process took
four months (December 2014 and March 2015) and there were no major delays or issues
encountered ithis endeavour. All the ethical consideration mentioned in Appendix B (and also
mentioned in the research design section) have been considered and duly respected in order to

confirm with the regulation of the University of Sheffield.

The principal investigtor (the PhD candidatd)as received all the filled in hard copies of the
survey and has coded all the complete ones into SPSS. For this purpose, only fully completed

surveys have been coded into SPSS in order to enable full data consistency and yniformit

In total, a number of 1121 hard copies were distributed to companies from the six countries from
which 392 responses have been collected (34% response rate). From the 392 responses, 311
(27% valid response rate) were fully completed (as well as tippnmdent answered the he/she

was responsible for environmental concerns in their companies). This was deemed valid and
were coded in SPSS.

Each measured variablesas mapped into a SPSS spreadsheet column. In total, 147 variables
were created in SPSS indaer to be analysed. Consequently, 311 data lines were added to

incorporate the values provided by each valid respondent.
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The following subsections present in details (each) various analyses that have been performed on
the coded data and the implicatioms the TFT. The analyses cover basic demographics and
their impact/relevance on the data, weather conditions that cause disruptions, key performance
indicators, current use of green practices, drivers and barriers to the use of green practices,
resiliencemechanisms and strategies, and behavioural analysis for the implementation/adoption
of resilient and green freight transportation (RGFT/RGSCM) strategies at the institutional level

(and the convergence to mesosystem level).

4.31 Demographics
Demographicsare valuable indicators as well as critical factor when it comes to decision making

processes towards the application of new technologies, traaspontesilience mechanisms and

environmental strategies that cross the boundaries of one specific regmmary.

When it comes to the transportation infrastructure, the SEE region is very homogenous
especially in the problems encountered by road freight carriers. Additionally, the businesses that
operate in the freight transportation sector have sinstanctures and mindsets towards
technology adoption for resilience and environmental solutf®insilar contextualized work has

been performed by (Matopoulos et al., 2009; Matopoulos et al., 2007; Manthou et al., 2005),
however not specifcally focused omveronmental solutionsTo this end, it is important to
identify what demographic trends related to these aspects persist in SEE and how exactly these

variables impact and influence other decision making variables with implications foFthe

The data ollected has the following country distribution: Romania (28.30%), Bulgaria
(26.69%), Greece (17.68%), Serbia (10.61%), Slovenia (10.29%) and FYROM (6.43%). These
numbers are in totally conformity with the proportional numbers of country size, population a
number of freight transportation related companies form that country, leading to a uniform
distribution of the finding¢Table 11)

Secondly, the companies that have participated to the survey, fall into the following categories:
freight transportation carriers (44.37%), general logistics (14.47%), 3PL/4APL (10.93%),
production/manufacturing with integrated transportation (11.90%), ratadl/commerce with

integrated transportation (18.33%). These findings are very relevant and useful since the

163



majority of the respondents (freight transportation carriers and general logistics) have full
expertise and interest in advancing their freifgahsportation systems since this is their main
business objective/means, while for the others (3PL/4PL, production/manufacturing and

retail/lcommerce), freight transportation comes just a s a part of their business model.

Tablell: Stage twe sectoral distribution
Sector

Production/ Retail/

Freight transportatior General logistics 3PL/4PL . Totals
Manufacturing | commerce
Count Count Count Count Count
BG 40 12 9 4 18 83
FYROM | 5 4 3 3 5 20
GR 30 8 4 5 8 55
Country
RO 31 12 15 18 12 88
SLO 13 6 0 4 9 32
SRB 19 3 3 3 5 33
Totals 138 45 34 37 57 311

Thirdly, regarding the company size, the answers were somewhat proportionally distributed with
the following values: 27.97% of the companies have under 25 emplo3@89% of the
companies have 260 employees, 26.05% of the companies hav3llemployees and 22.19%

of the companies have over 251 employees. This distribution is very good for the reliability and
usability of the findings since various business typath integrated/tangent transportation

systemdave been covered by the survey (MMEs, SMEs and large enterprises).

Fourthly, the companies were asked to state the annual turnover range and the following values
have emerged: 45.98% of the companies hawmanal turnover under 1 million Euros, 32.80%

of the companies have an annual turnover between 1 and 5 million Euros, 20.90% of the
companies have an annual turnover between 5 and 10 million Euros and 0.32% of the companies
have an annual turnover over fdllion Euros. These turnovers are relevant when it comes to
devising proper strategies that affect the freight transportation of those specific companies

(having in mind the actual business value of the company).
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Fifthly, 80.06% of the respondents werale while only 19.94% of them were female, denoting

the gender imbalance from this sector. In similar manner, the age groups of the respondents show
that 50.80% of them are between 50 and 64 years old, while 49.20% of them are between 36 and
49 year old.The age ranges are consistent with the general expertise and experience required to
be qualified for the duties of the job nature of the respondents. Additionally, 65.92% of the
respondents have a Bachel or s degeeand4.82%6f. 26 %
them have a PhD.

Sixthly, in order to briefly view the trend of technology and new practice adoption in the targeted
companies, the respondents were asked whether their company has had such a behaviour in the
last five years. As a resul84.89% responded positively, while 15.11% declared that the

company did not make any such adoption/implementation in the last fiv€Tydde 12)

Tablel2: Stage twe Technology adoption accross ROI

Turnover
<1lM 1M-5M | 5M-10M @ >10M | Totals

Count | Count | Count Count

) NO | 19 16 11 1 47
Technology Adoption
YES | 124 86 54 0 264
Totals 143 102 65 1 311

4.32 Weather/Natural conditions that cause disruptions

4.32.1 Weather conditions
The weather conditions variable was tested using a 5 level Likert Scale, where 1 denoted that the

tested environment al condition was rarely or
company during their transportation operations, while 5 denotgdhvgin frequency and high

disruptions to the operations of the company.

The most frequent weather event (that caused disruptions) encountered by the respondents was

Alcy roadso (4.16 out of 5), theniiHemaowf alali ds
(3.45 out of 5), and ABlizzardso (3.77 out
t hat caused the | east di sruption to the comp

weaveso (1.$4t6r oonugt woifn d5s)pfl F(Ifi2o.08d7s 60 u(t2 .0f8 Sout of
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stor mso (2 .THeSe fimdimgs are ¢ohefent with (Li & Coates, 2016; Chhetri et al.,
2016; Snyder et al., 2015; Loh & Thai, 2015; Mattson & Jenelius, 2015; Global risks, 2015;
GAR, 2015; Van der Vegt etl.a 2015; Linnenluecke et al.,, 2012; Ergun et al., 2010;
Natarajarathinam et al., 2009; Stecke & Kumar, 2009; Nakano, 2009; Sdratirguez et al.,
2008; Linnenluecke et al., 2012; Ross, 2003; Hale & Moberg, 2005 Monahan et al., 2003).

These findings aafirm the geographical analysis performed on the countries in which the survey
was carried out, showing that the main disruption in the fright transportation systems of
compani esd6 are proportional and | inkedbywith t

those countries (which are mostly due in winter time and rain extremes during summer).

Table 29(Appendix F)shows the weather conditions and their relevance per country. The
findings do not show high country related specificity (the SD of eachatutiper country is
around 8%) in terms of the impact of these weather conditions that cause disruptions, which
confirms the homogeneity of the road freight transportation conditions in SEE.

4.3.2.2 Business outcomes of the weather conditions

The business outcome/damage (after whichever weather conditions) variable was tested using a 5
level Likert Scale, where 1 denoted that the tested business outcome/damage was rarely or never
frequent to the respondent 0 eperations)pvhile § deoted i n g

very high frequency of the business outcome/damage to the operations of the company.

According to the results, the most frequent business outcome/damage encountered by the
respondent sdé companies wds oiff Del)ay si Gvreradd Il i weorc
(4.19 out of 5), ACI i ent complainso (4.06 o
Al ncreased fuel consumptiono (4.03 out of 5),
(3.85 out of 25)e,mifslsn omeaqde8&8d 60 out of 5), Al ny
of 5), AnCongestiono (3.46 out of 5), ALonger
out ofafd) ,cofmptl ai nso (3.02 out of 5) whi ch cc
Chhetri et al., 2016; Snyder et al., 2015; Loh & Thai, 2015; Mattson & Jenelius, 2015; Global

risks, 2015; GAR, 2015; Van der Vegt et al., 2015; Linnenluecke et al., 2012; Ergun et al., 2010;
Natarajarathinam et al., 2009; Stecke & Kumar, 2009; Nakar®; ZBanche:Rodriguez et al.,

2008; Linnenluecke et al., 2012; Ross, 2003; Hale & Moberg, 2005 Monahan et al., 2003).
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On the other side, the least business damage that was encountered as an outcome of the weather
conditions was ADamMalge 3t omut nforfas3)ucout ewed
degradationo (1.95 out of 5), Al ncreased | ubr
(2.14 out oft ®d)veamidclidsada@2. 17 out of 5). The:
certain finding of (Global risks, 2015; GAR, 2015; Van der Vegt et2015; Linnenluecke et

al., 2012.

Additionally, near each business outcome/damage encountered, the respondents had the option to
gualitatively providethe weather condition from the previous tableickh caused the specific
business outcomeTable 30 (Appendix F) summarizes therelations between the most
frequent/relevant weather conditions (that scored over 3 out of 5) and the most damaging
business outcome@hat scored over 3 out of .5)These finthgs are consistent with (Li &
Coates, 2016; Chhetri et al., 2016; Snyder et al., 2015; Loh & Thai, 2015; Mattson & Jenelius,
2015).

4.32.3 Relations between weather conditions and business outcomes

As it can be seen in thEable 31(Appendix F) the mostrelevantrelationsbetween the most
frequent weather conditions and the most frequent negative business outcoroessatent

with the previous findings. A correlation for internal consistency and homogeneity and an
ANOVA (Table 13 test for reliability show the following significance for the relation between

business outcomes and weather conditions:

Tablel3: Stage two- busines®utcomes & weather conditiorsANOVA

Statistical/Scientific Observation
test

I Triangulation Both the qualitative analysis (first stage) and i
quantitative rating converge over the same findings.
i ANOVA (the following selection retrieves only the variables w

significance coefficieninder 0.05):

ANOVA Groups with significance coefficient under 0.C
Factor
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TestRetest Cold waves Overall Longer | Safety
o coordination Distances| issues
EIELILGE el issues (0.04) | (0.49) | (0.31)
validity Heavy rains Extra cost - -
(0.03)
Icy roads Inventory - -
inconsistencies
(0.019)
Strong winds Overall - =
coordination
issues
(0.005)
Thunder Storms, Blizzard - - =
Floods, Snowfall
Heatwaves
Fog Damage of good{ Decrease| Damage to
(0.004) of speed| vehicles
(0.002) | (0.041)

Since the survey elements for this specific construct adopt an explo
approach towards the identification of these variables, an i
assumption of a potential linear relationship (either positive or neg:
has been @de. However, partial correlation test for the relation betw
weather conditions and business outcomes suggests that there
Partial correlation sjgnificant correlation (as all values either positive or negative
tests between-0.3 and-0.3). Still this aspect does not essarily contradic
the findings emerged in the previous tables (i.e. where there are
percentages of the sample that for example believe that snow -
responsible in 87% of the cases for loss of revenue). The existence
nonlinearity points towards the fact that a multariable
approach/decision making is involved in such correlation.

4.33 Key performance indicators

4.33.1 Economic and operational key performance indicators
The economic and operational key performance indicator blariaas tested using a 5 level

Likert Scale, where 1 denoted that the tested indicator was not important for the company, while

5 denoted that the indicator was very important for the decision making process of the company.
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The most important economic amdp er at i on al key performance i1

satisfactiono (4.09 out of 5), ATot al fuel co
5), AFocal firm profito (3.99 out of 5), ACo
disruptcns 06 (3. 15 out of 5), ACorridor availabildi
before disruptionso (3.08 out of 5), fAService
out of 5), ARel i ability of stpoarntsg o(r3d.o0 J 3o WwWt4 oot
time deliverieso (3.03 out of 5). On the othe
key performance indicators were: fALoad and un
out of 5), ARAEtesg 2t B89 modal o hi5) , ATruck | oc¢

ATransportation speedo (2.97 out of Hdhese and 7
findings are consistent wit(Baumgartner et al., 2015; Piotrowicz, W., & Cuthbertson, 2015;
Bhattadarya et al., 2014; Varsei et al., 2014; Ahi & Searcy, 2015a; Ahi & Searcy, 2015b; Gopal

& Thakkar, 2012; Ninlawani et al., 2010; Shang et al., 2010; Ar&ymmea et al., 2008; Zhu et

al., 2007; Vachon and Klassen, 2006; Hervani et al., 2005; Gor2atén, 2005; Rao and

Holt, 2005; Zhu and Sarkis, 20111

Table 32 (Appendix F)shows a breakdown of the economic and operational key performance
indicators per country. The findings do not show high country related specificity (the SD of each
indicator per ountry is around 10%) in terms of the importance of these KPIs which confirms

the homogeneity of the road freight transportation system in SEE.

Additionally, an analysis has been performed in order to observe the distribution of the most
important (scoreabove 3 out of 5) operational and economic KPIs against the business sector
and the revenue of the companies. The resulisented infable 18(Appendix F)have been

reached.

The findings fromTable 33 (Appendix Fshow a uniform distribution of the esomic and
operational KPI measurement both across company size (in terms of revenues) as well as across
the business sector which define the companies. An average SD of 6% is noticed in relation to
the company size and a SD of 7.2% is noticed in relatidhe business sector. These findings
denote the homogeneity and linearity of the economic and operational KPIs from the entire

sample, making the connection with other findings more and useful andpudbsed. These
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findings are, however, at the instional/stakeholder level only across supply chain related

institutions (not including the other quintuple helix actors).

4.33.2 Environmental key performance indicators
The environmental key performance indicator variable was tested using a 5 level Likert Scale,

where 1 denoted that the tested indicator was not important for the company, while 5 denoted
that the indicator was very important for the decision making pratéke company.

According to the results, the most important environmental key performance indicators were:
AEnNnvi rolnmeenal ti esdbTddalDlEnetgyyfUbdgdo (3. 95

(3.18 out of 5). On the other hand, the lgashpor t ant environment al KPI

(2.06 out of 5), AEngine standardso (2.88 out

ADreirv ef ficiencyo (2.96 out of 5) which are
W., & Cuthbertson2015; Bhattacharya et al., 2014; Varsei et al., 2014; Ahi & Searcy, 2015a;
Ahi & Searcy, 2015b; Gopal & Thakkar, 2012; Zhu et al., 2012).

Table 34(Appendix F)shows a breakdown of the environmental key performance indicators per
country. The findings daot show high country related specificity (the SD of each indicator per
country is around 9.2%) in terms of the importance of these KPIs which confirms the
homogeneity of the road freight transportation system and the related neneirtal KPIs
utilization in SEE binding thus added value to the international context of EMT, DIT, CAST, ST
and INT research (Govindan et al., 2015; Tian et al., 2014; Zhu & Geng, 2013; Dornfield et al.,
2013; Sarkis et al., 2011; Rivera, 2004).

Additionally, an analysis has ée performed in order to observe the distribution of the most
important (score above 3 out of 5) environmental KPIs against the business sector and the
revenue of the companies. This is very important in order to understand the variance in
utilization/implementation of the environmental KPIs as compared with the economic and
operational KPIs debated in the previous subsection. The refigfifayed in Table 20
(Appendix F) have been reached.

The findings fromTable 35 (Appendix F3how a uniform distribudn of the environmental KPI
measurement both across company size (in terms of revenues) as well as across the business
sector which define the companies. An average SD of 9.8% is noticed in relation to the company

size and a SD of 11.2% is noticed in tigla to the business sector. These findings denote the
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homogeneity and linearity of the environmental KPIs from the entire sample, making the

connection with other findings more and useful and rputposed.

4.33.4Correlationdbetween KPIs and the business outcomes induced by weather conditions
Basically, the previous two subsections show evidence that both environmental and

economic/operational KPIs are homogenous and uniformly distributed over the surveyed sample.

Since the IRls analyzed in the previous tables are of high importance (scoring over 3 out of 5), it

is important to identify potential relationships between economic/operational and environmental

KPIs in order to establish whether there is a linear correlation betwie

intersecting/conflicting variables or whether
Usedo from the environment al KPl's might over.
consumptiono from the economnat 6fdhseactiant is ton a | K

establish the character of each measured KPI as independent vdradidel4summarizes the

correlations which have been tested for reliability and validity:

Tablel4: Stage two- reliability & validity testing for the core KPls

Cost per TKM

Focal Firm Profit

Total Time

On TimeDeliveries

Service Frequency
Reliability of Transport
Distance to Cover

Efficiency During Disruptions
Efficiency Before Disruptions
Trips Required for Shipment
Total Fuel Consumption
Customer Satisfaction

Safety of Transportation

Corridor Availability and Capacity

Total Energy Used

(r=0.06)
(r=0.15)
(r=0.02)
(r=0.02)
(r=0.02)
(r=0.05)
(r=0.01)
(r=0.03)
(r=0.08)
(r=0.05)
(r=0.05)
(r= 0.04)
(r=0.03)
(r=0.12)

Mileage

(r=0.04)
(r=0.00)
(r=0.01)

(r=0.02)
(r= 0.06)
(r=0.06)
(r=0.04)
(r=0.03)
(r=0.02)
(r=0.09)
(r=0.02)
(r=-0.06)
(r=0.11)
(r=-0.01)

Environmental
Penalties
(r=0.04)
(r=0.05)
(r=0.03)
(r=0.03)
(r= 0.03)
(r=0.02)
(r=0.02)
(r=0.05)
(r=0.11)
(r=0.07)
(r=0.04)
(r=0.07)
(r=-0.04)
(r=0.03)

After performing a bivariate correlation analysis (Pearson), it has been established that each of

the variables above that were measured as having a significant impact on the business
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performance are totally independent (no linear relation) among themnll daseaPearson
coefficients were between(0(19 and 0.19). This finding can be significant since this is a proof
that companies give consideration to environmental KPIs as individual/integral parts of their
business models and use these KPIs towards aatithe business objectives.

In the previous subchapters, the relation between the negative business outcomes and the weather
conditions has been identified based on the most rated variables. To this end, that relation can
now be extended to include thePl§ that are tangent to the negative business outcomes
identified. Table 36(Appendix F)integratesthese three elements and provides also the rating
values (score out of 5 for the KPIs and Weather induced disruptions as well as percentages for
the weatheconditions disruptions that contribute as a leading party to the disruptions).

4.34 Current use of green practices

4.34.1 Company related use of green practices analysis
The company related use of green practices variable was tested using a l5kimvebcale,

where 1 denoted that the tested indicator was not considered to be implemented by the company,
while 5 denoted that the indicator was already being implemented by the company. The findings
(Table 15 show a surprisingly low implementation gfeen practices and policies, most of the
companies being at the consideration phase. However, the validity of these findings is confirmed

through the triangulation with the first stage (fully qualitative).

Tablel5s: Stage two- current use of green practices

Not Planning to Currently Initiating Implemented

considering/ consider considering implementation

Unaware
EMS 37.5% 26.7% 34.6% 0 0
TQEM 31.4% 32.7% 34.6% 0 0
1SO14001 31.7% 34.6% 32.4% 0 0
Energy Audits 36.5% 30.2% 32.1% 0 0
Products Reduced Consumption 0 29.8% 34.9% 34.0% 0
Products Reduced Waste 32.4% 32.1% 34.3% 0 0
Process Reduced Odor 39.4% 29.2% 30.2% 0 0
Process Reduced Waste 34.6% 35.6% 28.6% 0 0
Process Reduced Hazards 0 30.5% 36.5% 31.7% 0
Processmproved Efficiency 0 32.4% 37.1% 29.2% 0
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Redesign Supply Chain 0 29.5% 33.3% 35.9% 0
Environmental Training 30.2% 32.4% 36.2% 0 0
Senior Management Commitment 32.1% 33.3% 33.3% 0 0
Middle Management Commitment 34.0% 34.3% 30.5% 0 0
EnvironmentaRequest Suppliers 33.0% 31.7% 34.0% 0 0
Environmental Collaboration Suppliers  34.3% 31.1% 33.3% 0 0
Written Requirements Suppliers 35.2% 33.0% 30.5% 0 0
Supplier Commitment Waste Reduction 33.7% 34.3% 30.8% 0 0
Suppliers Must Implement EMS 29.5% 34.9% 34.3% 0 0
Environmental Evaluations Suppliers 33.3% 31.7% 29.8% 2.2% 1.6%

The above findings denote the followimgplications

An average of 29.94% of the companies are wither unaware or not considering the
implementation of green practices. Thimding points towards the need of proper
techniques/tools that would stimulate these companies to adopt green practices, while also

feeding them with the necessary information to be aware of the existing green solutions.

An average of 32% of the companiase planning to consider the implementation of green
practices. This fraction of the sample is already informed/aware by the existence of such
practices and are planning (in the near future) to implement them in their companies. For this
sample, it is neessary to provide step by step instructions/training and solutions so that their
motivation and ease of implementation of the green solutions is facilitated.

An average of 30.07% of the companies are currently considering the implementation of green
pracices (or have already done some preliminary implementation facilitations). This means that
this specific sample has already all the motivation necessary and is in need for solutions that will
facilitate the implementation of green practices in order torena successful adoption of such

solution.

An average of 7% of the companies have already started implementing green practices (and they
are more than halvay through). This sample requires thus consolidated support and solutions

for making sure thahey fully take advantage of those practices.
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An average of under 1% of the companies have stated that they have successfully managed to
implement green practices. This sample needs to be motivated to diversify the range of practices

they adopted.

Roughl it can be stated that 30% of the surveyed companies are either unaware or unwilling to
implement green practices, 30% of the companies are planning in the near future to adopt green
practices while 40% of the companies are either currently consideengnifiementation of

green practices or have already started/finished the impletioentd some of such practices.

The findings above have several implications and correlations in relation to the KPIs discussed in
the previous section. Overall, the genayaden practices that were surveyed can be grouped in
the following categories: green practices with emerged overall efficiency, green practices that
lead to policy compliance and green practices that deliver value to the business partners and to
the cliens. The green practices with emerged overall efficiency are in line with the
environmental and operational KPIs, while the other two categories are in line with the
environmental KPIs and partly in line with the economic/operational KPIs that regardidglive
client value. Even more, the green practices also cover/integrate properly with the weather
induced disruptions in the sense that these practices (which are in the interest of 70% of the
sample) can provide good incentives for enabling companiesctwer from a disruption in an
environmental and economic/operational beneficial Widys status is in coherence with the
literature claiming limited information and knelmow of companies on these matters (Govindan

et al.,, 2015 Zaabi et al., 2013; Drohawetsk et al., 2014; Balasubramanian, 2012; Diabat &
Govindan, 2011; Sarkis et al., 2010; Soler et al., 2010; Vuro et al., 2009; del Brio et al., 2008; Yu
& Hui, 2008; Walker & Preuss, 2008) as well as the leverage of economic-gaidsandirectly
referedto as green practices by having lower environmental penalties, lower consumption
(Govindan et al., 2015; Tian et al., 2014; Alzaman, 2014; Shi et al., 2012; Eltayeb et al., 2011;
Carter & Rogers, 2008; Zhu et al., 2010, Ninlawani et al., 2010; Mdlrmin et al., 2009;

Carter et al., 2007; Chien & Shih, 2007; Mollenkopf et al., 2005).
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4.34.2 Business partner related use/demands of green practices analysis
The business partner demands towards environmental practices variable was tested using a 5

level Likert Scale, where 1 denoted that the tested indicator was not important for the company,

while 5 denoted that the indicator was very important for the business partner of the company.

The findings show that the interest in the implementation of greactipgs among business
partners is very low in the sense that there is no strongsoply chain demand in relation to

green practice implementation from one partner to another. The following variables have been

tested: AfRequest of pracern alel iemwirmpommaentoalo
Al mpl ementation of Environment al Management {
supply chain management 0 (p2arltbn eorutt roafi n5)n,g of Ar:
ARequest of enpM ii ramrcmee nitmflooco( 2. 09 out of 5)
environment al s p e c i fTheseafindingsntidus, (o2 notOfdlly soppart the f 5)

literature claims on meosysstem pressures in the sense in the targeted sample there is no such
RGFT/RGSCMcoercicve or competitive pressure (Govindan et al., 2015; Tian et al., 2014; Zhu

& Geng, 2013; Dornfield et al., 2013; Zhu et al., 2012;Zhu & Liu, 2010; Testa & Iraldo, 2010;

Liu & Buck, 2007) that would drive mimetic adaptation/transformation (Dubey.ef@15;
Govindan et al., 2015; lvanaj et al., 2015; Tian et al., 2014; Chakrabarty & Wang, 2013; Lee,
2008; Chien & Shih, 2007; Papadopoulos & Giama, 2007) (Hu & Hsu, 2010; Zhu & Sarkis,
2006; Widmer et al., 2005; Huang, 2005).

4.34.3 Cros€ountry anatrosssectoral homogeneity in relation to the adoption of green practices
A crosscountry and crossectoral has been performed in order to identify the uniformity and

variance of the implementation of green practices towards ensuring @cbmation/adaptation

of the model to be proposé€table 37from Appendix F.

The findings show a moderate/uniform distribution (average SD of 7.67%) of the
implementation of green practices across the six countries included in the survey. Additionally,
theimplementation of green practices across the various industry types is also uniform having a
very low standard deviation (SD5.21%). The uniform distribution of the implementation of
these practices among the countries and business sectors will eraddteraadoption of the
frameworkproposed by this research and also confirm the homogeneity of the region in regards

to the tested variables.
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4.35 Drivers and barriers to the use of green practiceR&FT
4.35.1 Drivers to the use of green practices

The drivers to the use of green practices variable was tested using a 5 level Likert Scale, where 1
denoted that the tested indicator was not important for the company, while 5 denoted that the
indicator was very important for the business partner ofdingpany.

The most important drivers (score of above 3 out of 5) for the companies are the following:
ACIlients appreciate green certificationso (4.
out of 5), ATechnol ogyrémaabloea®s rhred&B Duei it
competitive advantageso (4.03 out of 5), i We
acceptanceo (3.96 out of 5), AnGreen resilienc
AGovernment als summenr and t hi s Asibcan be seenetleseu s 0 (
dirvers are primarily economic (either directly or indirectly) supporting thus (Govindan et al.,

2015; Ilvanaj et al., 2015; Alzaman, 2014; Tian et al., 2014; Hsu et al., 2018ic@olSmith,

2013; Eltayeb et al., 2011; Shi et al., 2012; Zhu et al., 2010; Testa & Iraldo, 2010; Ninlawani et

al., 2010; Chien & Shih, 2007; Zhu & Sarkis, 2007; King et al., 200B)the other side, the

least important such drivers for the companies we: ALong term revenuesao
AVdst e reduct i oradctswhi2gh pdirg toveards thedatk obpyoper information and
know-how on these areas (Dubey et al., 2015; Govindan et al., 2015; Zhu et al., 2012; Delmas &
Toffel, 2004; Holf 2004 and Teuscher et al., 2006).

These results have the following implications:

Firsty, ACl i ents appreciate gr eietls means theiconpaned areo n s 0
well aware of the growing trend in the market of green products/services and that client demand
for such behaviour is becoming higher. Thus, delivering such clieritses very important for
companies and the KPIs already reflect this element (the customer satisfaction element from the
KPIs was rated 4.09 out of Flowever, this contrasts with the previous findings that business
partners do not demand green cerita (thus it is just a client/societyiented approach which

confirms the literature strand that claims that society should be the key trigger of change
(Govindan et al., 2015; Ivanaj et al., 2015; Chakrabarty & Wang, 2013; Hsu et al., 2013; Shi et
al., 2012; Rehman & Shrivastava, 2011; Zhu et al., 2010; Testa & Iraldo, 2010; Carter & Rogers,
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2008; Chen, 2008; Vachon & Klassen, 2007; Chien & Shih, 2007; Ellen et al., 2006; Capaldi,
2005)).

SecondyiThi s is the next tr ehttismeans thai gomgahiesare 0 ( 4
aware of the existence/emergence of such trends in the logistics/transportation sector. This fact is
also confirmed by the fact that 70% of the respondents are aware or currently considering or
already implementing such praes/trends. Additionally, the independent environmental KPIs

also confirm thesdrivers/interests of companies.This contrasta again wti the low scores en peer
demand of green practices which proves that these aspects are still in the early lstage in

income regions aSEE as suggeste bBghadur & Doczi, 2015; Vogelstein, 2015; Basu et al.,

2013; Radjou et al., 2012; Bare®afinger et al., 2012; Gupta, 2009

Thirdy, AiTechnol ogy enabl es green f ii¢éusgdompanier ans po
believe that technology is a main driver of environmentally sustainable freight transportation.
This measurement provides good incentives for the model proposed by this research since

companies are prone to see technology as an enabler.

Fourtly, " We lwiglai n competitive & dompani¢samg eware of(thé. 03
competitive advantage brought by environmental sustainability and this eases/drives their interest

for implementing such practices. This finding is not mapped however with ahg &Rls nor is

it reflected in the measurement of the green practices adoption. This means that such a vision
stated by companies is still in its inception and no capitalized benefits have yet been observed
(Govindan et al., 2015; Tian et al., 2014; Alzama014; Shi et al., 2012; Eltayeb et al., 2011;

Carter & Rogers, 2008; Zhu et al.,, 2010, Ninlawani et al., 2010; Mélzmin et al., 2009;

Carter et al., 2007; Chien & Shih, 2007; Mollenkopf et al., 20BB)ly , We will pay lower

t axeso (3ithiKfinamaiat driverfis important for companies and it is also reflected in

the environmental KPIs as well as in the environmental practices that companies qbesnder

consistent with the fourth implication stated before)

Sixthly, i For publ i c accept ahsdmrding i drecBy6linkenl uvith the f 5)
competitive advantage variable as well as with the client appreciation. It seems that the
companies consider the societal value of their operations, linked however wititidina

outcomes. Nevertheless, considering the stage of implementing green practices, the social value
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elementis still in inception as also debated by (Govindan et al.,, 2015; Ivanaj et al., 2015;
Chakrabarty & Wang, 2013; Hsu et al., 2013; Shi et al., ZR&éBman & Shrivastava, 2011; Zhu

et al., 2010; Testa & Iraldo, 2010; Carter & Rogers, 2008; Chen, 2008; Vachon & Klassen, 2007;
Chien & Shih, 2007; Ellen et al., 2006; Capaldi, 20@inilarly, the seventh implication

prevails-i Gr een r esirltiaenntc ea nids iismpao ma iinthisdarinifiler 0 ( 3
conformity with the current stage of considering and implementing green practices, as well as in

the KPIs (efficiency before and during disruptions 3.15 and respectively 3.08 out of 5).
Environnental KPIs also confirm this driver. Basically, despite of the fact that green resilience

might still be at a very initial stage of consideration and implementation by companies, the
efficiency element (financial and resource mostly) is already includethe KPIs of the

companies.

Eightly, n Gover nment al support I's higher and this
shows the considerable efforts and pressures made by the involved governments in terms of
achieving environmental sustainability fraineight transportation. This driver is highly linked

with the consideration of implementing environmental sustainability standards as well as it is
reflected in the environmental KPIs (Environmental penalties 4.01 out offiB$. result
surprisingly contadicts the main literature which usually poses this as a barrier (Govindan et al.,
2015; Drohomeretsk et al.,, 2014;Zaabi et al., 2013; Balasubramaniam, 2012; Diabat &
Govindan, 2011; Vuro et al., 2009; Andersen & Larsen, 2009; Walker et al., 2008; L8, 200
Stage thregart one (focus groups) of the research ammends this issue and provides more insight
though.

Lasty, ALong ter m r ev e i thiedriger scazed I®W coropared tamttie otheys and
denotes the lack of belief in long term finanaiaturn on investment. This low score points
towards the need to devise mechanisms that convince companies about the long term ROI so that
they become more eager to implement such practkesmilar approach applies th Wa st e
reducti ono (@2weli6thisoduver alsof scofed low compared to the others and
denotes the lack of interest of companies in relation to waste reduction/recycling. This issue
needs to be addressed so that companies are aware of the importance of proper waste
management thniques. This low score is also confirmed by the low scores related to the

environmental practice implementation that had to do with products/processes to reduce
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overheads and wastes. However, despite of these findings, the KPIs related to efficiency and
optimization are rated very high, which might point to the fact that companies are not concerned
about waste reduction as main driver because they dencounter major waste issu@s the

job focus of the respondents was mostly related to transpojtation

A cross country analysis has been perforn(igable 38in Appendix F in order to identify
whether the most important drivers have significant variances in their importance across
countries. As in the previous variables, the analysis revealed thatitees are uniformly rated
across all countries and that the sample is SEE homogenous (average Siptiev2ding thus

more insight into the international research setting of the five main theories that drive this
research Govindan et al., 2015; Tian et., 2014; Zhu & Geng, 2013; Dornfield et al., 2013;
Sarkis et al., 2011; Rivera, 2004)

Additionally, a crosssectoral analysi§Table 39in Appendix F has been performed in order to
identify whether the most important drivers have significant vaesunt their importance across
the sectors involved. As in the previous variables, the analysis revealed that the drivers are

uniformly rated across all sectors and that the sample is SEE homogenous (average SD is 3.1%).

4.35.2 Barriers to the use of gnepractices

The barriers to the use/implementation of green practices variable was tested using a 5 level
Likert Scale, where 1 denoted that the tested indicator was not important for the company, while

5 denoted that the indicator was very importanttierbusiness partner of the company.

All the barriers that were tested were considered as very important/impeding to the

implementation of resilient and green freight transportation. The following criticality order of the

barriers was reveal ed: AHar d t o Endronenentale a S
Managemento (4.07 out of 5), AVery bureaucrat
i mpacto (4.06 out of 5), AHard to control our

to informationo (4. 08ndutowfté&dhndlUngy aadept is

AToo big initial investmento (4.00 out of 5),
ALIi mited intermodal facilitieso (3.99 out of
ALI mitegdadrsedmr t he c o iesefingdiogs dre8gererally, indirte withf 5) .
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the global literature (Govindan et al., 2015 Zaabi et al.,, 2013; Drohomeretsk et al., 2014;
Balasubramanian, 2012; Diabat & Govindan, 2011; Sarkis et al., 2010; SolekétLat Vuro et
al., 2009; del Brio et al., 2008; Yu & Hui, 2008; Walker & Preuss, 2008) as well as with the

literature on lower income regions and S{BareselBofinger et al., 2012)
These results have the following implications:

Firsty,n Haradr ¢ @t e a staff position responsible fo
5)1 this barrier has a normal occurrence since the whole concept of environmental sustainability

in SEE is still new and in the inception stage (from an organizational poigwf. Companies

might be motivated to create such a work assignment or job position only when capitalized
return on investment from environmental sustainability practices will be achighisds in line

with (Govlvanaj et al., 2015; Zaabi et al., 208abat & Govindan, 2011; Vuro et al., 2009;

Mont & Leire, 2009; Hanna et al., 2000).

SecondlyiVery bureaucratic to control road/ |l and 1
of 5) 1 this barrier is very relevant in SEE due to the overall heterogengolicy and
bureaucratic settings of the countries involved, however the environmental impact can be
calculated at the unit/truck level with proper mechanisms that will be proposed by the model of

this research. Companies need to be motivated to ideatifyrnative approached for
environmental footprint measurement (independent of colenel policies).Such findings are

also debated by (Govindan et al., 2015; Drohomeretsk et al., 2014;Zaabi et al., 2013;
Balasubramaniam, 2012; Diabat & Govindan, 20¥0yo et al., 2009; Andersen & Larsen,

2009; Walker et al., 2008; Lee, 2008). These findings also contrast with the highly rated driver
related to the availability of governmental supponivhich means that such support, even if

exists, it is still not sdicient yet.

Thirdy,AHard to contr ol our 3 PiLthisAbartier ip aglobahane,s 0 ( 4
and especially for the surveyed sample, this barrier is very consistent with the variables related to
business partner demands of environmentatasoability, which are very low and thus since

there is no supply chain level common interest in such practices, it is very hard to track the
environmental sustainability value across the entire chain. However, this might be also due since

according to tB implementation stages of green practices, the targeted sample is still at early
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stages which means that very limited capitalizations that would diminish this barrier have been
achieved.Similar situations have been discussed by (Zaabi et al., 2013; Mevbtsk et al.,

2014; Balasubramanian, 2012; Diabat & Govindan, 2011; Sarkis et al., 2010; Soler et al., 2010;
Vuro et al., 2009; del Brio et al., 2008; Yu & Hui, 2008; Walker & Preuss, 2008).

Fourtly, ALi mi t ed access t o i thiflmamiens widely ooafirmedwhigl3 o u't
is in total consistency with the fact that around 30% of the target sample are unaware or
unwilling to implement environmental sustainable practices/ (while the rest of 70% are still in

the earlystages of the implemetiian); andfifthly, A Unt r ai ned st aff and
adopti ono (Ti4thiOb2rrienis also wiflely Bopfirmed which is in total consistency

with the fact that around 30% of the target sample are unaware or unwilling to implement
environmental sustainable practicéahile the rest of 70% are still in the early stages of the
implementation). Additionally, technology adoption is a global barrier/issue and more details
regarding such adoption and skill requirement issues will be debated in the next subsections.
Thesefindings are consistent with (Govindan et al., 2015; Drohomeretsk et al., 2014;Zaabi et al.,
2013; Balasubramaniam, 2012; Diabat & Govindan, 2011; Vuro et al., 2009; Andersen &
Larsen, 2009; Walker et al., 2008; Lee, 2008). A similar context resideakb@$ixth highest
rated barrier, ALack of ma niatlysebarriea is also closeli t me n t
linked with proper access to information, financial incentives and overall organizational

resistance to change.

Seventhly i Too biignviensittmeanlt 0 71 (tMs.b@er inimdlosedirks vith the
KPIs and also with the specific driver related to financial outcome s(which scored very low).
Basically, companies are uncertain about the long term financial sustainability of greterepra

in order to make an initial investmefidrohomeretsk et al., 2014; Zaabi et al., 2013; Diabat &
Govindan, 2011; Connell, 2010; Alkhidir & Zailani, 2009; Walker et al., 2008; Presley et al.,
2007; van Hemel & Cramer, 2002Jo support this, besidesgper access to information,

incentives/support for the initial costs should be enabled by the involved governments.

Eightly, AiLi mi t ed i nter modal T thialairiér,ivery targeted o Bsilier® o ut
and green freight transportation, tels to the lack of such physical infrastructures in SEE
(BareselBofinger et al., 2012)As the overall concept of intermodal transportation in Skttel

generally in lowetincome regionsBahadur & Doczi, 2015; Vogelstein, 2015; Basu et al., 2013;
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Radjou ¢ al., 2012; Gupta, 200%s lacking many developments, companies must rely on other

Asofto mechanisms towards becoming environmen

Ninethly, A Gr een KPI s are insignificanto (3.99 out
c 0 mp a n yaut of 531.theseé barriers might seem to contradict the previous findings related

to the importance of the environmental KPIs, however considering the other variables (such as
stage of the green practice implementation, business KPIs and the resultshéranitial
interviews preceding this survey), these barriers seem to reflect the slow pace of organizational
change towards adopting a green behaviour in their operations, as well as the slow
change/adaptation pace of the top management levels from adolrpof the supply chain.
These barriers have also to do with the lack or green practice request from the other partners
from the supply chain. However, with the highly rated drivers and also the pressure to become
green, companies will slowly change ithd&ehaviour towards incorporating environmental
sustainability at the core of their business misg®avindan et al., 2015; Drohomeretsk et al.,
2014; Zaabi et al., 2013; Diabat & Govindan, 2011; Connell, 2010; Alkhidir & Zailani, 2009;
Walker et al., 208; Presley et al., 2007; van Hemel & Cramer, 2002)

A cross country analysiéTable 40in Appendix B has been performed in order to identify
whether the most important barriers have significant variances in their importance across
countries. As in the previous variables, the analysis revealed that the barriers are uniformly rated

across all countries andat the sample is SEEBmogenous (average SD is 4.15%)

Additionally, a crosssectoral analysi§Table 41in Appendix F§ has been performed in order to
identify whether the most important barriers have significant variances in their importance across
the sectors involved. As in the previous variables, the analysis revealed that the barriers are
uniformly rated across all sectors and that the sample is SEE homogenous (average SD is
3.45%).
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4.35.3 Drivers and Barriers relation with business KBIE@ironmental Practices

The relation between the drivers & barriers to RGFT/RGSCM impl@tien are presented in Table. 16

Tablel16: Stage twe drivers & barriers against KPIs

DRIVERS BARRIERS
DRIVERS and
BARRIERS to 9
] )
RESILIENT e 2 5
- § 2 2 3
AND GREEN L 2 5 = . 7 & 8 -~
FREIGHT n X > g £ _ E & |2 2 5
c £ 8 £ 2 2 5 = g <4 = 8§ < E _
TRANSPORTATION & 2 5 g g 2 5 ¢ , g T & &8 5 & 8 B2
3 S g 5 g o ° = @ £ 2 35 = @ @ o o
o = ] ® s S S o @ 2 = IS %) £ o €
e s % £ & ¢ = § § © 2 - & 9 3 § § 8
g 28 8 & 3 © & € o g £ & 0o g o E § E
s &£ 2 g ¢ § £ £ B g 2 - 2 £ 2 3 3 3
< E < g‘ Q = % g X~ o o 0] o © o L 8 L
2 ¥ 9 &5 &8 8 ¢ 3 ¢ o 8 ¢ 3 £ 88 E 5 E
O zZ — (@] | o QO (O] | P [ O] T ) T | m |
KEY
PERFORMANCE
INDICATORS S &5 8 8 8 8 &8 § &8 5 8 &8 & &8 &5 8 8 8
< < < < < (90} (90} (90} (90} (90} < (90} < < < < < ™
Cost per TKM | 3.97 X
Focal Firm 399 X X X X X X X X X
Profit
Total Time 400 X X X X
On Time 3.03 X X X
Deliveries
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Service
Frequency
Reliability  of
Transport
Distance to
Cover
Efficiency
During
Disruptions
Efficiency
Before
Disruptions
Trips
Required for
Shipment
Total Fuel
Consumption
Customer
Satisfaction
Safety of
Transportation
Corridor
Availability
and Capacity
Total Energy
Used

Mileage
Environmental

Penalties

3.08

3.04

3.05

3.15

3.08

3.01

4.00

4.09

3.08

3.11

3.95

3.18
4.01
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4.3.6 Resiliencenechanisms and strategies
4.36.1 Overview on resilience mechanisms and strategies

The resilience mechanisms and strategies for green freight transportation variable was tested
using a 5 level Likert Scale, where 1 denoted that the tested indicatoowimsportant for the
company, while 5 denoted that the indicator was very important for the company.

According to the results, the following resilience strategies are considered the most important:

Al mprovements of busines)s, imHdritcerencoeteés d 4
AEmpl oyment of specialized staffo (4.06 out
ARel i ance on soft technol ogybo (4.01 out of

Al mprovement i n erviersonmen.t%®3 ouwmtef 61 ci5gn and

awarenesso (3.93 out of 5). Oppositely, t he s
AKnowl edge management mechanismso (1.89 out o
weather provisionig 0 (1.99 out of 5), AfRel i ance on h
Al nterventions i n energy coxnsalmperdn anico fiLo 4@2 .0.

overall being being consistent with the related literature (Ambulkar et al., 2015; Kim2§15;
Krause et al., 2014; WEF, 2013; Solomon et al., 2012; Holgenas et al., 2012; Christopher &
Peck, 2004).

These results have the following implications:

Firsly, Al mprovements of busi nes B beitenbginkss mongoringi e s 0

and optimization for cost reduction is required. All the business KPIs are involved in this context
and there is greatemeed for quantifying these KPIs before, durargl after disruptionslhis

outcome is in line with(Kamalahmadi & Parast, 2016; Fiksel et al., 2015).

Secondlyi Short er r out letsisomeghdnis i8 linked with thef busthgss KPIs and
its high rating shows that companies understandsthiges that interfere during disruptions and
the involved business outcomes. Shorter routes would result in better timing, reduced costs and

optimized environmental footpritiMelnyk et al., 2014; Christopher & Peck, 2004)

Thirdly, AEmp |l oymentz edf ss@d dioal(ithis B & key prerequsfte fds )

enabling proper resilience during disruptions for a company. It is very important that companies



recognize this element as being crucial for their organization despite of the fact that staff train
and lack of access to information were previously denoted as one of the main barriers towards
resilient and green freight transportation. However, this finding shows that companies are
interested in overcoming this barrier. Additionally, by overcontimg barrier, the KPIs (both
economic/operational and environmental) will also get optim{&ech et al., 2015; Durach et

al., 2015; Barosso et al., 2015; Perera et al., 2015; Mensah et al., 2015; Gilly et al., 2014;
Kristianto et al., 2014)

Fourthly, A Bt t er ri sk man a g eimisknmadageent i® 8 critewal part of f 5)
enabling resilience and disruption management. Overall, from the entire findings of this survey,

it appears that companies are somewhat aware of the latest strategies tlatbetiablrisk
management (such as soft technology, trainingwever there is still a need to give more access

to companies towards understanding and apprehending all the modern risk management
solutions and practices so that their resilience strategrefudy benefit from these latest trends
(Kamalahmadi & Parast, 2016; Fiksel et al., 2015; Melnyk et al., 2014; Juttner & Maklan, 2011;
Christopher & Peck, 2004

Fifthly,rel i ance on soft technologyo (4. 0L99ouwt of
of 5) ,AKnowl edge manage me thése comtrasting scoresmisowa ( 1. 8
general awareness of the companies towards soft technology as a key enabler of resilience,
however it is clear from these findings that the companiesraware what these technologies

actually are. For example, knowledge management mechanisms and real time weather
provisioning are examples of soft technologies, however they scored very low as compared to
when the generic ter mi aased @Pgspite this, this oppdrtunityesc h n o |
critical for this research since the proposed
technol ogyo concept, while also disclosing, t
very specialized wdels of such soft technologiéBrancis & White, 2016; Choudhury et al.,

2015; Akgun & Keskin, 2014; Gogelci & Ponomarov, 2013; Demmer et al., 2011; Christopher &
Hollweg, 2011; Pham et al., 2008; Reinmoeller & Van Baardwijk, 2005; Hamel & Valikangas,

20M).

Sixthly,Ai Rel ocati on of g thie mechanism3s.lirkeédl withuhe busirfess KRIs

and its high rating shows that companies understand the issues that interfere during disruptions
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and the involved business outcomes. This mechanismddiaked with shorter routes would

result in better timing, reduced costs and optimized environmental footprint as well as product
availability in a timely and efficient manneBeventhly, A Modal shifitis (1. 95
resilience mechanism scoredvanostly due to the fact that the inexistence of proper intermodal

hubs in the region was rated as a main barrier to enabling resilient and green freight
transportation. Basically, the low score for this element is due to the fact that companies are
awarethey cannot rely on such concepts in their operational geographic area (Bahadur & Doczi,
2015; Vogelstein, 2015; Basu et al., 2013; Radjou et al., 2012; B&eeder et al., 2012,

Gupta, 2009).

Eightly, il mpr ove ment i n envir.d®mmeonutal ofi n®) f and e fid
rai se awar enes 5 ihese highhrated oegilience dtrate§igs show a promising
interest of the companies towards enabling resilience in an environmentally sustainable manner.
These mechanisms are also in lmigh the KPIs (both economic and environmental) and with

the drivers. However, the specific/related barriers need to be crossed in order to accomplish this
strategy. The second element (mechanisms to raise awareness) are a highly rated barrier and also
a revealed fact from the part analyzing the implementation of greeniqamdiy the targeted
companies where 30% of the companies are either unaware of such practicesvilling to
implement them (Francis & White, 2016; Azevedo et al., 2013; Cabral, @04P; Carvalho et

al., 2012; Carvalho et al., 2011; Hong et al., 2009; Rosic et al., 2009; Anand & Kodali, 2008;
Glickman et al., 2006, Kainuma & Tawara, 2006)

Ninethly, i Rel i ance on hard t eicthisnneethangsm was faked bvier o u t
mastly because companies perceive such technologies as expensive and hard to maintain (while
also being in high need for training and facing adoption issues). In this context, there is no doubt

that companies would try to avoid as much as possible buying@geywment for these purposes.
Finally, in a similarmanneff | nt er venti ons i n energy consumpt |
alterati ons 0 thése strdtegjieschave sinaldr reédspns for their scores (as compared

to the highly ratedtrategies. The main reason for these lower scores resides in the early stage in
which the companies are in terms of implementing such practices (so they are still not having the

proper skills), and also in the lack of information/knbaw (which was stateé as a main barrier
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T being thus consistent with (Dubey et al., 2015; Govindan et al., 2015; Zhu et al., 2012; Delmas
& Toffel, 2004; Holt, 2004 and Teuscher et al., 2006).

A cross country analysiéTable 42in Appendix B has been performed in order iaentify

whether the resilience mechanisms have significant variances in their importance across
countries. As in the previous variables, the analysis revealed that the resilience mechanisms are
uniformly rated across all countries and that the sample€EEs ISomogenous (average SD is
6.25%).

A cross sectoral analysi@able 43in Appendix § has been performed in order to identify
whether the resilience mechanisms have significant variances in their importance across sectors.
As in the previous variabledye analysis revealed that the resilience mechanisms are uniformly

rated across all sectors and that the sample is SEE homogenous (average SD is 4.82%).

4.36.2 Relation with the drivers and barriensl KPIs
The measurements of tihesilience strategies stv keyrelations(Table 44in Appendix F with

the drivers and barriers that the companies encounter when they have to implement resilient and
green freight transportation. These consistencies and correlations show the strengths but also the
problematic areas that need to be taken into accouem \@hvising strategies and solutions for

this purpose.Similarly, the measured ancbllected resilience strategies have tdditional
relations with the KPIs as shownTiable 45in Appendix F.

4.37 Behavioural analysis for the adoption of RGFT/RGi&dYies

4.37.1 Perceived usefulness of RGFT strategies
The perceived usefulness of resilient and green freight transportations solutions variable was

tested using a 5 level Likert Scale, where 1 denoted that the tested indicator was perc&ved as
useful for the company, while 5 denoted that the indicator was perceived as very useful for the

company.

Four main variables have been tested and the
Useful ness for Return )o,n ARMerecsdimeend ou g eAf. WOI5n eos
advantageo (4.04 out of 5), APerceived usefu

fPerceived usefulness for environment al car eo
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These results have the following implications:

Firsty, nPer cei ved Usefulness for Return on | nve:
usefulness for Compet it iiuvhese alememrts dreaig eansisterd . 0 4
correlation with the drivers (Competitive advantagé.03 out of 5) for implementing sh

solutions as well as with the KPIs (Focal firm prafit3.99 out of 5). However, there is an
inconsistency with one of the driver for adopting such solutions which refers to the long term
financial prospect which scored lower (2.97 out of 5), whichnedhat companies might see

benefits on short term rather than on long term. This aspect might also be happening due to lack

of information and due to the early stageliementation of such practicégactor confirmed as

well by (Dubey et al., 2015; Gawlan et al., 2015; Zhu et al., 2012; Delmas & Toffel, 2004;

Holt, 2004 and Teuscher et al., 2006).

Secondly iPercei ved wusefulness fori thi#dament & inwast e
consistent correlation with the KPIs for environmental issues aedbbusiness efficiency, as

well as with the drivers tangent related to delivering client value (4.10 out of 5) and policy
compliance (3.92 out of 5). However, it was identified that even though companies believe that
such strategies are useful for wastduction, waste reduction itself is not a key driver (2.96 out

of 5) forthem to adopt these practidebeing more keen on client value and other direct/indirect
economic gains (Govindan et al., 2015; Tian et al., 2014; Alzaman, 2014; Shi et al., 2012;
Eltayeb et al., 2011; Carter & Rogers, 2008; Zhu et al., 2010, Ninlawani et al., 2010;-Molina
Azorin et al., 2009; Carter et al., 2007; Chien & Shih, 2007; Mollenkopf et al., 2005).

Thirdly (similar with the second implication from the previous paragrahPer cei ved
usefulness for envi r dnhwelenterdisin coasistend corfetio® véith o u t
the KPIs for environmental issues and overall business efficiency through policy compliance, as
well as with the drivers tangent related toiwksing client value (4.10 out of 5) and policy

compliance (3.92 out of 5).

4.37.2 Perceived ease of use of RGFT/RGSCM strategies
The perceived ease of use of resilient and green freight transportations solutions variable was

tested using a 5 leveilkert Scale, where 1 denoted that the tested indicator was perceived as not
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easy to use/implement for the company, while 5 denoted that the indicator was perceived as very

ease to use/implement for the company.

Three main variables have been tested aral fthilowing results have been collected:

Al mpl ement ation of green freight transportat:.i
resilient freight transportation practiceso (
freight transportab n pr act i c e sThese r@suls8how ut of 5) .

a general perceived difficulty for implementing such practices, however the slightly higher score
for the implementation of green and resilient freight transportation practices provides certain
incentive that show that companies view environmental subtbipaand resilience and
complementary/connecte8uch facts are highly consistent with (Govindan et al., 2015 Zaabi et
al., 2013; Drohomeretsk et al., 2014; Balasubramanian, 2012; Diabat & Govindan, 2011; Sarkis
et al., 2010; Soler et al., 2010; Vuroadt, 2009; del Brio et al., 2008; Yu & Hui, 2008; Walker

& Preuss, 2008).

Secondly, these results point to the need of proper training and access to information that is
required for companies to get accustomed with such solutions/strategies and to imhheme
successfully. This requirement is in full consistency with the barriers that were tested in the

previous subsections.

4.3.7.3 Intentions to implement/adopt RGFT/RGSCM strategies
The intentions to implement resilient and green freight trangpmrgasolutions variable was

tested using a 5 level Likert Scale, where 1 denoted that for the tested indicator the intention of

the company was low, while 5 denoted that the intention was high for the company.

Throughout the survey, three statements thatisured the same variable were used and the
foll owing resul t s If hpestiees/tebheadogies pa bviereomiagd and/oni
mitigating these disasters were available and at low cost, would you usedhert 3. 59; out o
Alf practices/technologie®r overcoming and/or mitigating these disasters were available and at

low cost, that would also take into account environmental issues, would you usettheri 2 . 9 8

out of 5) flf practices/technologies for overcoming and/or mitigating these disastéils

improving business efficiencyyere available and at low cost, would you usethem 1 3. 92 ou't
of 5)
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These results are consistent with the previous findings and show that the intention to implement
practices of resilient and green freight transponatice the highest when the economic benefit

is emphasized, and lowest when the environmental element is introduced. Similarly, these
intentions are also in line with tH€Pls and with the main drivers as well as with the literature
pointing towards the agdion of RGFT/RGSCM strategies (Dubey et al., 2015; Govindan et al.,
2015; Ivanaj et al., 2015; Tian et al., 2014; Chakrabarty & Wang, 2013; Lee, 2008; Chien &
Shih, 2007; Papadopoulos & Giama, 2007) (Hu & Hsu, 2010; Zhu & Sarkis, 2006; Widmer et
al., 20®; Huang, 2005).

4.37.4 Crossountry and crossectoral analysis

A cross country analysis has been perforriEable 46in Appendix F in order to identify
whether the intentions, perceived ease of use and perceived usefulness of mechanisms for
resilient and green freight transportation have significant variances in their importance across
countries. As in the previous variables, thelgsia revealed that the behavioural elements are
uniformly rated across all countries and that the sample is SEE homogenous (average SD is
4.23%).

Additionally, a cross sectoral analy¢igable 47in Appendix B has been performed in order to
identify wheter the behavioural elements have significant variances in their importance across
sectors. As in the previous variables, the analysis revealed that the behavioural elements are
uniformly rated across all sectors and that the sample is SEE homogenoag)€a8&r is
7.18%).

4.38 Summary dbtage twadata analysis
4.3.8.1 Summary of thé'®stage data analysis and implications for the research objectives

The results of the second stage have the following implications for the following objectives of
this thesis (theremaining objectives are being accomplished through the third and fourth
methodological stages):

OB1.1: Understand which weather conditionsusa the most impactful disruptions in road
freight transportation from SEE (relates to CRQ&)d OB2.1 Understand what negative
business outcomes emerge as a result of such disrupliabke 17shows only the significant

items (with score greater tharD3ut of 5).
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Tablel7: Stage two- top disruptions against top outcomes

Delays in
Score (out of delivery
5) N=311 (4.51)

Icy Roads 85%

(4.16)
Snowfall 87%
(4.15)
Fog (3.88) 70%
Blizzards 65%
3.77)

Heavy Rains 62%
(3.45)

Increased
CO2 emis
ssion(3.60)
Icy Roads 50%
(4.16)
Snowfall 52%
(4.15)
Fog (3.88) 62%
Blizzards 55%
(3.77)

Heavy Rains 55%
(3.45)

Overall
coordination
issues (4.19)
70%

2%

75%
2%

70%

Inventory
inconsistencies
(3.53)

73%

70%

2%
71%

68%

Client
complains
(4.06)
52%

55%

52%
50%

50%

Congestion
(3.46)

88%

89%

88%
82%

82%

Loss of

revenue
(4.05)

83%

87%

58%
59%

52%
Longer
distance
(3.38)
74%

76%

67%
42%

45%

Increased fuel
consumption
(4.03)

74%

76%

67%
42%

45%
Missed
deliveries
(3.21)
75%

60%

62%
61%

58%

Extra Decrease of

cost speed
(3.85)

(3.98)

67% 85%

66% 88%

49% 79%

40% 55%

43% 55%

Staff

complains

(3.02)

31%

45%

32%

30%

35%

0OB2.2: Understand what (green) key performance indicators do business useahdttextent

when dealing with disruptiorendOB2.3: Understand to which extend do businesses implement

green practices during their decision making processelOB2.5: Understand what resilience

mechanisms do businesses

implement and to what extent theseanisms include

environmentally sustainable practiceBable 18 shows only the significant items (with score

greater than 3.0 out of 5):
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Tablel8: Stage two- top KPIs against top resilience strategies

Q
(8]
c
RESILIENCE 3 2
(8] =
STRATEGIES S o 3
s = 2
AND E s K
.- g o
MECHANISMS 5 < o 2 o
s & 5 g N
c c = R ©
£ D s o S
() ] c [hd 3 (%) -
Iq—) [a] L o o -8 » %
[%] [%] [ n o Q £
s € c ) e o = )
A Q Q e ] c 3] )
° (S S @ c o 24 @
[J] (0] c = [
2 > > IS 2 5] 5 S
s ) S c o o © ;
o] 2 2 9] g © 2 i)
x E E S x n @
KEY
PERFORMANCE
INDICATORS s o 8 8 8 & 8 8
< < ™ ™ < ™ < <
Cost per TKM 3.97 X X
Focal Firm Profit 3.99 X X X X X X X X
Total Time 400 X X X X
On Time Deliveries 3.03 X X X X
Service Frequency 3.08 X X X X X X X X
Reliability of Transport 3.04 X X X
Distance to Cover 3.05 X X X X X X X X
Efficiency During Disruptions 3.15 X X X X X X X X
Efficiency Before Disruptions 3.08 X X X X X X X X
Trips Required for Shipment 3.01 X X X X X X X X
Total Fuel Consumption 400 X X X X X X X X
Customer Satisfaction 4.09 X X X X X
Safety of Transportation 3.03 X X X
Corridor Availability and Capacity 3.11 X X X X X
Total Energy Used 395 X X X X X X X X
Mileage 3.18 X X X X X X X X
Environmental Penalties 401 X X X X X X X X

OB2.4: Understand what drivers and barriers do businesses face when aiming to
adopt/implement green practicandOB3.2: Investigate to what extent to businesses respond to
ecosystem pressures in order to implement RGFT pradtieledes to CRQ2)Table 19 shows

only the significant items (with score greater than 3.0 out of 5):
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Tablel9: Stage two- top resilience strategies versus top drivers & barriers

DRIVERS BARRIERS
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MECHANISMS - e o o 9 o S o o o o S Q )
< < < < < ™ ™ ™ ™ o < ) < < < < < o
Reliance X X X X X X
Soft
Technology
(4.10)
Improvem X X X X X X X X X
ents
Business
Inefficienci
es (4.17)
Improvem X X X X X X X X i i i i i i i i
ents
Environme
ntal
Inefficienci
es (3.05)
Mechanis i i i }
ms To
Raise
Awareness
(3.93)
Employme i i i i i i i i
nt
Specialized
Staff (4.06)
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Relocation i i

of Goods

(3.98)

Shorter i i i i

Routes

(4.08)

Risk by i i i
Manageme

nt (4.03)

4.3.8.2 Summary of the'stage data analysis and implications for the converged research questions
The results of the second stage have the following implications for the following converged

research questions (CRQs) this thesis (the other CRQs are being accomplished through the third

and fourth methodological stages):

CRQ2 (relatesalsoto OB2.2, OB23, OB 3.2, Pillar 1; Pillar 2 and Pillar 6} Top-down: How

can the modernized ecosystem level (explained by the ST) generate@@dion exogenous
pressures on the individual institutions (explained by INT) in an international ecosystem and
what are tke institutional level responses to such induced modernizafioa results of the"d

stage show a clear relevance and impact of the ST and INT at an international level ecosystem in
terms of how institutions respond to such ecosystems pressures. Sihgctheainstitutional
response at this stage clarifies that institutions perceive very high their impact within the
quintuple helix mesosystem. For example, the main drivers/reason of implementing eco
innovations such as RGFT/RGSCM resides in: custony@eajation (societal coercive pressure

T 4.10/5), adhering to the latest trends in this field (market competitive/mimetic préssure
4.07/5), direct financial drivers (competitive/inner drive to -esifeed 4.03/5), general public
acceptance (societal coere pressuré 3.96/5), increased governmental support and lower taxes
(governmental normative driver 3.92/5 & 4.02/5). The response to such quintuple helix
induced pressures & drivers resides in the adoptior@fr@movations by institutions providing

thus insight into the research performed by (Govindan et al., 2015; Tian et al., 2014; Zhu &
Geng, 2013; Dornfield et al., 2013; Sarkis et al., 2011; Rivera, 2004).
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CRQ3 (relates to OB2.2, OB2.6, OB3.3, Pillar 1 and Pillar 6)lransversalWhat are thdocal

level institutional controlled processes of the CAST driven RGFT microsystem and how do these
institutional controlled processes integrate andesmlve with the ones of other quintuple helix
stakeholders in order to enable -cceation and fast ecmmnovation adoption (EMT, DIT)
towards ensuring RGFT at the quintuple helix mesosykieeh The results of the"? stage

denote the following key controlled processes (top ones) of the CAST driven mesosystem where
the sample institutions operate: Cost p&M (3.97/5); Focal Firm Profit (3.99/5); Total Time
(4.00/5); On Time Deliveries (3.03/5); Service Frequency (3.08/5); Reliability of Transport
(3.04/5); Distance to Cover (3.05/5); Efficiency During Disruptions (3.15/5); Efficiency Before
Disruptions (308/5); Trips Required for Shipment (3.01/5); Total Fuel Consumption (4.00/5);
Customer Satisfaction (4.09/5); Safety of Transportation (3.03/5); Corridor Availability and
Capacity (3.11/5); Total Energy Used (3.95/5); Mileage (3.18/5); EnvironmentaltiBgnal
(4.01/5). However, building upon these key controlled processes is strongly prohibited at the
institutional level by:the Institutional level blockers: Lack of green goals (3.97/5); Lack of
commitment (3.99/5); Insignificance of green KPIs (3.994pd Quintuple helix mesosystem
blockers: Limited information/knowledge (4.03/5); Bureaucratic barriers (4.06); Limited
infrastructure (3.99/5).

To this end, these findings point towards a strong heterogeneity of the RGFT/RGSCM
institutions among thquintuple helix mesosystem and a proven source of inner barriers towards
the implementation of the edonovations. The second stage did not answer how these KPIs and
blockers interfere at the mesosystem level, however the findings may point towards thatfa
without the mesosytem pressures explained by ST and INJineowations (DIT, EMT) would

not be triggered and implemented at the institutional level in such a CAST based context. This
aspect points towards the fact that the mesosystem is a aaeafreceinnovation derand and
implementation being thus consistent with (Baumgartner et al.,, 2015; Piotrowicz, W., &
Cuthbertson, 2015; Bhattacharya et al., 2014; Varsei et al., 2014; Ahi & Searcy, 2015a; Ahi &
Searcy, 2015b; Gopal & Thakkar, 2012;ea et al., 2012; Van den Berg, 2011; Folke et al.,
2010; Bansal & Mcknight, 2009; Chertow, 2009; Pathak et al., 2007; Holling, 2001).
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CRQ6 (relates to OB2.5 and Pillar 2) Exogenous: How can stochastic externalities induced
disruptions (such asnvironmental conditions) be better overcame in CAST ecosystems through
ecainnovation (EMT, DIT)The results of the"® stage show that the following e@movations

are key enablers of egesilience in the CAST based quintuple helix mesosystem where th
institutions operate: Reliance on Soft Technology (4.10/5); Improvement of Business
Inefficiencies (4.17/5); Improvement of Environmental Inefficiencies (3.05/5); Mechanisms to
raise awareness (3.93/5); Employment of specialized staff (4.06/5); Retochgoods (3.98/5);
Shorter routes (4.08/5); Risk management (4.03/B¢se findings contribute to the work of (Li

& Coates, 2016; Chhetri et al., 2016; Snyder et al., 2015; Loh & Thai, 2015; Mattson & Jenelius,
2015; Global risks, 2015; GAR, 2015; VarerdVegt et al.,, 2015; Zhu & Ruth, 2013;
Linnenluecke et al., 2012; Ergun et al., 2010; Natarajarathinam et al., 2009; Stecke & Kumar,
2009; Nakano, 2009; SanchBbpdriguez et al., 2008; Holling, 2001).

CRQY7 (relates to OB3.1, Pillar 3, Pillar 4, Pillar 5and Pillar 6): Transversal How does the

DIT properly explain the adoption of EMT by CAST based RGFT institutitms: 29 stage
supports the view of the DIT in terms of explaining the adoption of EMT driveinecvations

within the RGFT/RGSCM institutins that have been surveyed. For example, a specific part of
the survey targeted to test the adoption level ofiegovations under three main behavioural
variables (behavioural intention to adopt @woovations (Bl), perceived usefulness of eco
innovatons (PU) and perceived ease of use of-isnovations (PEU). More specifically,
whether the respondents declare a high PU (4.00/5) of RGFT/RGSCMrena@tions, the PEU

of such eceannovations is considerably low (2.38/5). Still the Bl element (whichhés dore
measurement of the willingness to adopt-ecwvations and thus support the DIT statements) is
moderately high (3.53/5). These findings are coherent with the findings from the previous CRQs
(especially being coherent with the barriers towasteinnovation adoption) and provide
insights into the matters raised by (Kamalahmadi & Parast, 2016; Choudhury et al., 2015; Kim et
al., 2015; Cardoso et al., 2015; Brandlmmes et al., 2014; Wieland & Walenburg, 2013;
Mandal, 2012; Zhu et al., 2012; Caragemn Barth& Campbell; 2012; Carayannis & Campbell,
2010; Brugge & Van Raak, 2007; Quist, 2007; Sondejker et al., 2006).
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4.4 Stage three (Mesosystem), Focus groups and Modelling

4.4.1 Summary of thedcus groups data analysis

4.41.1 Overview
Following the focus group ntleodology defined in section 3.313 inductive content anadis (as

described in section 41) has been applied to the transcripts confirmed by the participants to the
focus groups. In total, three (3) focus groups have baplemented during 2012015 with the
support of the Triple Helix Association Chapter of Greece (THAG). Each focus group contained
different participants (as the overall thematic context of the focus group organized by the THAG
was differenti howeveri the questions addressed to the audience with regards to this specific
research have been the same as shown in Appendix C). Additionally, the composition of each
focus group contained (in all cases) representatives from each quintuple helix mesosystem

institution. A breakdown of the focus groups can be found bélable 20:

Table20: Stage three focus groups demographics

Focus group Quintuple  helix mesosystem  stakeholders tha
participated
1 (2) Greek policy makers focused on growth, innovatiol
Focus group 1 developmengprefecture)

1 (2) EU level policy makers focused on innovation
(During the THAGroundtable growth

on Smart Specializatioh24" ¢ (2) Academics/Innovation producegsublic and private)
February 2014) 1 (1) CEO/Industry representatipmanufacturing)
1 (1) Industry association representatiyehamber of
commerce)
1 (1) Environmental & societal actéassociation)

Focus group 2 1 (1) policy maker focused on growth, innovation
developmen(prefecture)
(During the THAG roundtabl¢ § (1) Academics/Innovation producegsublic and private)
on Technological Innovatio § (1) CEO/Industry representatipmanufacturing)
i 25" June 2014) 9 (1) Industry association representatiyehamber of
commerce)
1 (1) Environmenrdl & societal actofassociation)

Focus group 3 1 (1) policy maker focused on growth, innovation
_ developmen(prefecture)
(During the THAG roundtablc § (2) Academics/Innovation producegsublic andprivate)

on Innovation anc ¢ (1) Industry association representatffederation)
developmenii 7" November
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2015) 1 (1) Environmental & societal act¢association)

The chosen sampler each focus groups is representative becalisenstitutions involved are

the most widely known/powerful (in the caseasfociations, industries & innovatoes) they are
often being involved in my such events publjclyhile the policy makers were, in each case,
coming from the prefecture level (which is the body specialized in implementing/supporting
quintuple helixinitiatives).Overall, the outcomes of the focus groups show convergence over the
targeted confirmatory and exploratory constructs as it wilhogva in the following section.

4.4.1.2 Outcomes and implications

Following the inductive content analysisethodology(from section 4.2) the results of the

focus group have been categorized against the intended confirmatory & exploratory construct
validation/exploration by relying on focus group scientific rigorousness (described in section
3.1.4.1)- specifcally in relation to the work of (Kamberelis & Dimitriadis, 2013; Freeman,
2006; Kidd & Parshall, 2000; Stevens, 1996). The overall findings show good convergence
among the three focus groups and this also enhances the validity of the findings by having
gualitative crossralidation of the findings over several periods of tindsut within the same

guintuple helix mesosystem context.

The outcome of thexploratory part of the focus group and its relation to the CRQs, OBs and
TFT Pillars is the followingTables 21, 22, 23, 24

CRQL1 (relates to OB3.1, Pillar 3, Pillar 5 and Pillar 6) Bottomup: How can local level
institutional EMT driven ecinnovations (either transformative or disruptive) diffuse faster
under the DIT behaviour and scalg® across tB RGFT CAST driven microsystem panarchy
during crises towards enabling resilieriteand CRQ6 (relates to OB2.5 and Pillar 2
Exogenous: How can stochastic externalities induced disruptions (such as environmental

conditions) be better overcame in CAST estesys through eemnovation (EMT, DIT)?
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Table21: Stage three focus group outcomes (first part)

Event Observations

Focus
group 1

The perceived relevance of the topic was very High | believe t
perspective [é] we are vey keeno, A
as societal and environmental organizatighis is ourma i n  gforaekearcherg
this [ é] poses a@® ant d@lyarticipamtower® adtively involwe
towards emphasizing their institutional aims/goal in seek to emphasize
importance for this mesosystem level challeng@ch approves related literatu
(Dubey et al., 2015; Govindan et al., 2015; Zhul.e2812; Delmas & Toffel, 2004
Holt, 2004 and Teuscher et al., 2006)

Still, there was no convergence among the participants towards explaining hc
ecainnovations diffuse fastdEMT, DIT) as each participating institution perceiv
itself as a keyenabler towards ensuring this proc€ss. CAST based panarct
leader) One commonality observed though towards ensuring a solution tc
chall enge resides in establishing a
industry & society/environmeniats T but moderated & governed by the poli
makersf iwe need [ €] and a common | angu
goal s, that is why we need to synch
I supporting thus (Bhattacharya et al., 2014; Greeal., 2014; Shen et al., 201
Hsu et al., 2013; Taticchi et al., 2013; Hitchcock, 2012; Dei & Shefi, 2012; Bai
2012; Shi et al., 2012; Olugu et al., 2010; Tsoulfas & Pappis, 2008, Rao &
2005; Hervani et al., 2005Finally, in a crisisnduced context, the egonovations
against resilience have been converged to be transforrmaitivetic (as discussed il
DIT, INT and ST)across the mesosystenmostly towards industry alignment f
competitive advantage purpos@si ncr e me nt and transfanpatioa to nes
solutions is [ é&] what w)econtrilauting thiues rtof thx
theoretical discussionf disruptive versus transformative eicmovation adoptior
(Atwell et al., 2008; Walker et al., 20P6

The second focus group has outcomes in line with the previous focus

(considering that the stakeholders come from the same mesosystem), howe
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Focus
group 2

Focus

group 3

key aspect related to the specificity of the-euwovation(EMT, DIT) i resides in the
common agreeménthat such ecennovation should be based on the sn
specialization axes for the region/counfryi we can provi de
smart specialization directions [ €&]
indeed the smart specialization areas cbtilelp us to direct our development
products and servides [ ¢€]0, Al é] e
directions are not the core vision, if everybody is keen on it [smart specializa
then we coud adher e a sionwaeak aradkey gihidelines fi
us, i nnovation producers to at).tThisanay,
there is an increased coherence among the quintuple helix mesosystem stake
and thus everybody will work for the same goal, enalting faster diffusion of thi
ecainnovation across the mesosystem (especially since green growth and teckt
are key spcialization areas for Greece) being thus in coherence with (lvanaj
2015; Hsu et al., 2013; Hu & Hsu, 2010; Ninlawani et2010; Mont & Leire, 2009
Seuring & Muller, 2008; Walker et al., 2008; Srivastava, 2007; Chien & Shih, :
Wright & Elcock, 2006; Tsoulfas & Pappis, 2006; Yalabik et al., 2005; Evar
Johnson, 2005; Eveloy et al., 2005; Handfield et al., 2005; Widnat.,e2005;
WEEE, 2003).

The third focus group is in line with the first two focus groups, however 1
emphasis was set on the role of disrupgeeinnovations. The innovatieproducer
institutions were the most dominant stakeholdehatfocus group, while the polic
maker institution was the most silent stakeholders and often in conflicting view:
the topic of disruptive eecmnovations( ifas pol i cy support

t o di sruptive i nnovmheamamehéd] wewd il
Similarly, industry was also very reluctant to disruptive-ecwvations(EMT, DIT)
in the current quintuple helix mesosystem context of Greece and argue
transformative innovation as a more financially secured metioodenabling
RGFT/RGSCM under a fastack timeline ( Ai ncr ement al
transformation to new solutions i ¥
contributing thus, as well, to the theoretical discussion of disruptive v

transformative ecinnovation adoption (Atwell et al., 2008; Walker et al., 2006).
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EMT driven eceinnovations are transformative and should be hgereratec
Final (bottomup within the mesosystem) rather than-tigwn, while the governmer
should act as a tegpown and horizontal moderator through the smart specializ
strategy through whkh the mesosystem stakeholders align their goals/KPIs anc
enabler a faster edanovation diffusioni in line with DIT i under a CAST

framework).

CRQ2 (relates to OB2.2, OB2.3, OB 3.2, Pillar 1; Pillar 2 and Pillar 6)Top-down: How can

the moderried ecosystem level (explained by the ST) generatéenmmeation exogenous
pressures on the individual institutions (explained by INT) in an international ecosystem and
what are the institutional level responses to such induced modernizaimh€RQ3 (relates to

0B2.2, OB2.6, OB3.3, Pillar 1 and Pillar 6) Transversal: What are the local level institutional
controlled processes of the CAST driven RGFT microsystem and how do these institutional
controlled processes integrate and-@eolve with the ones other quintuple helix stakeholders

in order to enable careation and fast ecmnovation adoption (EMT, DIT) towards ensuring

RGFT at the quintuple helix mesosysienel?

Table22: Stage three focus group outcomes (second part)

Event Observations

Following the findings presented in the previous table for CRQ1, throughout &
three focus groups, there was a good convergence (without any conflicts) o
following sequence which explains how the Greek mesosystem works (or ¢
work):

Fristly, nore institutions have inner transformational desire tow.
incorporatingdiffusing ecoinnovations (DIT) in order to adapt to globe
standards/trendg i we need amdht [ dlJo wéramwgeo,
standards is the key competitive ad
and soluti ons t)oThdsefmdingsecontirm gDutzey et dl.o 201
Govindan et al., 2015; Lee & Kim, 2011 and Porter & Reinhardt, 2007) howeve

discussion provided limited insight into exploring the hinders to thisigeapecially
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Final

the hinders to the impact of all the a#iholders on eachother in order to supj
(Dubey et al., 2015; Govindan et al., 2015; Zhu et al., 2012; Delmas & Toffel,
Holt, 2004 and Teuscher et al., 2006).

Secondly, lhese institutions will perform partnershipsfo@ate only with institution:
with similar values inducing thus a transformagibchange in other institutions
peerpressurg¢o adhere tEMT driven)ecoinnovations( ii n or der t
need to be at the same | & Vhede findigg$ cordinm
(Govindan et al., 2015; Tian et al., 2014; Zhu & Geng, 2013; Dornfield et al., :
Zhu et al., 2012; Zhu & Liu, 2010; Testa & lraldo, 2010; Liu & Buck, 20(
however the transformational change insights were very limited in order to
support (Kamalamadi & Parast, 2016; Choudhury et al., 2015; Kim et al., 2
Cardoso et al., 2015; Branddones et al., 2014; Wieland & Walenburg, 20
Mandal, 2012; Van der Brugge & Van Raak, 2007; Quist, 2007; Sondejker
2006).

Thirdly, the KPI/controlled pocess alignment during disruptions (towards enak
RGFT/RGSCM through eemnovations) will be done following the axes of t
smart specialization strategy as well as localized -inditutional cecreations
(following thus the CAST view)Due to thehigh (CAST) complexity of inter
institutional cecreations especially in RGFT/RGSCM this ppegssure will expant
covering a wide area of the mesosystem taking thus all the localized
institutional coecreations ata homogenous mesosystem level coniing thus the
work of (lvanaj et al., 2015; Hsu et al., 2013; Hu & Hsu, 2010; Ninlawani e
2010; Mont & Leire, 2009; Seuring & Muller, 2008; Walker et al., 2008; Srivas
2007; Chien & Shih, 2007; Wright & Elcock, 2006; Tsoulfas & Pappis, 2
Yalabik et al., 2005; Evans & Johnson, 2005; Eveloy et al., 2005; Handfield
2005; Widmer et al., 2005; WEEE, 2003).

Fourtly, his expansion leads to a mesosystem/stakeholder block which will t

induce exogenous pressuk@sT, ST) to any new idividual institution that aims t
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join this network/chain. The remaining issue in this context resides in isolated 1
chains/microsystems within the mesosystem which may serve very loc
purposes and may not be affected by such pressures and tegoesthe wider
stakeholder block providing thus limited insight into answering the questions ra
by (Kamalahmadi & Parast, 2016; de Siqueira et al., 2015; Choudhury et al.,
Kim et al., 2015; Cardoso et al., 2015; Brandomes et al., 2014\Vieland &
Walenburg, 2013; Mandal, 2012; Blackhurst et al., 2011; Petit et al., 2010; Falz
al., 2008; Craighead et al., 2007; Tang, 2006, Christopher, 2004) in teri

interconnectedness.

Finally, even in this peér moderated/normalized mesosystehere still is a drive t
be more competitive (for institutional level survivas also described by INT, ¥
and to this end, individual institutions will continue to @cpovate (EMT) and
induce peer transformational press(®&) that will become mesosystem/stakehol
wide and will generate exogenous pressures on new chain erftrénésst s o
[ €] in isolated cases [ é] -muoowatoo and them
everybody el se wi | -lcorffrnoing thoswhe warkdof (Gaviada
et al., 2015; Tian et al., 2014; Dornfield et al., 2013; Zhu et al., 2012; Rehn
Shrivastava, 2011; Testa & Iraldo, 2010; Vachon & Klassen, 2007; Zhu & S
2007; Hervani et al., 2005; Khalid et al., 2004) and thead INT theories. Thus,
two new concepts have emerged: peer transformational pressure (for insti
already engaged in a stakeholder group) and exogenous pressure for instituti

aim to enter the stakeholder group.

CRQ4 (relates to OB3.4) Transversal: What are the effects of the interconnectedness of the
institutional level stakeholders and the location of the disruption within a quintuple helix CAST
based mesosystem on the RGFT process in terms of the effectiveness of the emerged eco
innovation (EMT) diffusion (DIT) And CRQ7 (relates to OB3.1, Pillar 3, Pillar 4, Pillar 5

and Pillar 6): Transversal: How does the DIT properly explain the adoption of EMT by CAST
based RGFT institutions ?
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Table23: Stage three focus group outcomes (third part)

Event Observations

Following the findings presented in the previous tables for the previous C
throughout all the three focus groups, there was a good convergence (withc

conflicts) over the following sequence:

Firstly, the CAST based interconnectedness plays oh@eeritical rolei however
this is already taken as granted as there are already connections among all g
helix stakeholdery Aiwe ar e al l connected [ é]
| anguage s)iavhiach dogonatipevide substantiaight into the literature
on interconnectedness (Kamalahmadi & Parast, 2016; de Siqueira et al.,
Final Choudhury et al., 2015; Kim et al., 2015; Cardoso et al., 2015; Bralutwes et al.
2014; Wieland & Walenburg, 2013; Mandal, 2012; Blackhurst eall]l; Petit el
al., 2010; Falasca et al., 2008; Craighead et al., 2007; Tang, 2006, Christopher
The policy institutions are more confident about this matteugh rather than th
industry and society institutions present at the focus groug f rao pulicy
perspective [é] we provide all the
[ ] there is a problem in terms 0).JfTo
this end, interconnectedness requires improvement in terms of establibkil
previously identified concepts: common language, common vision, commoni K
and all this can be achieved with the support of the smart specialization strateg
the government as moderator) pending on the triggers launched byryndu:
society/@vironmentalistsi all this can potentially respond to the aforementio

literature on interconnectedness.

Secondly, he DIT based diffusion of the EMT driven eitmovation follows the DIT
based principles and is indeed reliant on the interconnectedhesvever the
indicators of interconnectivityi beyond the onegmentioned in the previou
paragraph consist of the inner resources & capacity of institutions to adopt

assimilate ecinnovations (capacity to foster the transformation) and then
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capacity to diffuse further such egmovations( ii t 1 s mor e ab
to transform [ é] rat her t ha n)whidn support
(Dubey et al., 2015; Zhu et al., 2010; Darnall et al., 2008; Hu et al., 2008; Wal
al., 2008; Gonzales et al., 2008; Handfield et al., 2005; Bansal & Hunter,
Sarkis, 2003).

Finally, the effectiveness of the diffused elomovation should be measured agai
the KPIs and metrics defined at the mesosystem levewever this reques the
necessary homogeneous prerequisites mentioned in thediagraph supportin
thus (Bhattacharya et al., 2014; Green et al., 2014; Shen et al., 2013; Hsu et al
Taticchi et al., 2013; Hitchcock, 2012; Dei & Shefi, 2012; Bai et al., 28hPgt al.,
2012; Olugu et al., 2010; Tsoulfas & Pappis, 2008, Rao & Holt, 2005; Hervani
2005)

CRQ5 (relates to OB3.5) Methodologies: What CAST systems modelling and simulation,

mixed-methods research and behavioural analysis can be perfarnthadan ecosystem ?

Table24: Stage three focus group outcomes (fourth part)

Event Observations
Following the findings presented in the previous tables for the previous C
throughout all the three focus groups, there was a good convergence (initiall
conflicts as every institution aimed to leverage their own methodological intere
know-how, however towards the end of the discussion, there was good conver
over the following sequence of research methods requires to unde
RGFT/RGSCM within a CAST based quintuple helix mesosystem:

Final Firstly, there is a need forigh reliance on technology to enable modelling
simulation based on real time big ddtd&i we need | CT sol ut
[ €] visualize and s-lifarsuehasids ¢hat avould bertam pds

to testo)
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Secondly, dvelopment ofintegrative multistakeholder methods that can capt
view plurality in a coherent manner (mixed methodsydly, multidisciplinary

bridging of knowledge and expertise to help solve this social challenge.

Overall, these findings are in line with theetature that claims as well these g:
(Faisal, 2016; Dubey et al., 2015; Soosay & Hyland, 2015; Smith & Rupp,
Sounders et al., 2015; Power & Gruner, 2015; Deacon et al., 2014; Storer et al
Soundararajan & Brown, 2014; lofrida et al., 20héGwdhury & Hossan, 201¢
Molina-Azorin & LopezGa mer o, 2014; O6Rour ke,
Zhu et al., 2012; Seuring, 2011; Psychogios and Priporas, 2007; Mangan et al
Creswell, 2003; Christy and Wood, 1999; Goodman, 1999)

Besides the »ploration of the items listed above, the focus groups also targeted the
confirmation/validation of the findings emerged from the second stage. The outcome of the

confirmatory part of the focus group and response to tifestage findings are the following:

The findings of the three focus groups confirm tfé age results summarized in sections

4.2.8.1 and 4.2.8.2, however the key turmoil and debate point within each focus group consisted

in the drivers and barriers for the quintuple helix level implementation of RGFT/RGSCM
practices. More specifically, theolicy stakeholders were defending thickers stated by the

industry, innovation and social stakeholders by revealing that a lot of work/progress has been
done to enable such initiativési we ar e provi ding platforms that
cocreate for any societal chall enge [ é] and pl
pol i cy g.uro thie éxtent, ¢he goyernment has revealed the existence of platforms and
funds available to support RGFT/RGSCM initiatives, however the aomgonvergence resides

in the lack of proper mukstakeholder information and lack of related skills to access such
platforms/fundd A we wer e not informed [ é] about such |
how [ é&] t o usk Thislwas percwedoas B aja dreakthrough for all the
stakeholders.
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Additionally, the role of industry stakeholders (closes actors to the market/society) requires a
higher leverage towards initiating the demand for-ieocovation toward complying to social
pressures, tile also achieving the desired competitive advantagepporting thus the related
literature (Govindan et al., 2015; Tian et al., 2014; Dornfield et al., 2013; Zhu et al., 2012;
Rehman & Shrivastava, 2011; Testa & Iraldo, 2010; Vachon & Klassen, 2007& Barkis,

2007; Hervani et al., 2005; Khalid et al., 2008}ill, regardless of the potential solutions for the
barriers as well as the feasibility of the drivers that may enable proper implementation of
RGFT/RGSCM within the Greek quintuple helix megism, the key mesosystem level issue
(besides lack of information and skills) resides in the lack of proactiveness of each stakeholder
towards incorporating, transforming and diffusing -@omovation (which is highly linked with

the lack of information amh skills). Nevertheless, there is a multilateral commitment and
intention to change towards become more proactive and reactive towards RGFT/RGSCM eco

innovation diffusionfl iwe have t oeewollawmegoe and co

Still, in order to understand the entire pietystarting from the institutional level practices and
constrains to the entire mesosystem integration anecreaiion towards enabling
RGFT/RGSCM) a more realistic/industspecific scenario should be developed. To this end, the
next section presents teecond part of the third stage which deals with modelling & simulation
as well as qualitativeconsolidation of weather induceddisruptions and their proposed
RGFT/RGSCM strategidaa three differentompaniesrom Greece.

4.4.2 Summary of the mdelling &imulationg development & data analysis

Modelling and simulation of the supply chain of three representative companies from Greece
(after the quintuple helix levetonsolidation& data collection). In order to achieve this, the
Supply Chain Environmentafhnalysis Tool (SCEnAT) has been utilized. SCEnAT (2016)
enables business process modelling and supply chain mapping in an online platform towards
establishing the CO2 footprint of supply chain operations and towards the identification of
environmentally &financially problematic hotspots within the supply chajpsoviding thus a
suitable framework to model RGFT/RGSCM solutions)order for this modelling to take place,
interviews with the specific companidsave been employed (expert convenience sangplin
following the qualitative interview methodology described in section 3.1.2 and adapted to the

needs of this stage (tineain areassked for the data collection part for this stage can be found in
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Appendix D).The rationale of performing modelling #mulationis to bindStage thre@art one
findings (as well asStage tw® with realistic scenarios that would enable the proposal of a
RGFT/RGSCM implementation dmewaok described in section 424. For a methodologida
oversight please see Figure 33

In totala number of three (3) series of intervgamith the three companies has been performed:

The frst serie of interviews(Step 1 of the proposed framework from section 4.38.4
groundsetting step)n order to collect the main data required for modelling. Specifically,

the companies have been ensured and informed one month in advance of the interview in
order to collect data (samples can be found in Appendix D) regarding their entire
operations durig normal operational flow as well as durifigg and heavy rain
disruptions. These interviewwith the three companieBave been faeto-face with
managerial level staff (which had preparedin advance the required documentation/data)
and have lasted for abb2 hours each in order to ensure the completeness and accuracy

of the required data.

The ®cond serigof interviews(Step 4 of the proposed framework from section 4.3.2.4)
took place after the modelling & simulation for normal operational flow, fofdgeand

heavy rain disruptionsggs well as for the proposed RGFT/RGSCM strategies took place.
The rationale of the second series of interviews (phone paSetd minutes) with the

three companies (same managerial level staff as in the previous serigprwthe
managers to select their preferred RGFT/RGSCM strategy based on the outcome of the
modelling & simulation. The companies have been provided with the results in advance
of the individual interviewsAfter selecting their preferred strategy, a qupté helix

level approach has been performed by mapping to those specific chosen interventions,
drivers, barriers and other quintuple helix level consiferations emergedStage three

part ong(focus groups) an8tage two

The third series of interviewStep 6 of the proposed framework from section 4.3.2.4)
took place (phone based, 480 minutes) as final consolidation and exploration

mechanism to assess the proposed quintuple helix level considerations related to the
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chos&@ RGFT/RGSCM strategies to overcome fog and heavy rain disruptidhe
companies have been provided with the results in advance of the individual interviews in

order to ensure the required timely input.

The followingfour subsections present the modkdveloped for each compafig form of mink

case studiesps well as the proposed RGRIGSCM implementation frameworknd its
feedback/validation from each company. Due to privacy and confidentiality considerations
signed with each company during the ethaonsent forms, the names of the companies have

been anonymized.

4.4.2.1¢ CompanyZ; Global electronics manufactuduring normal operational flow (modelling)

Companyl (size: SME, >1M EUR revenues/year, 3PL reliant) became in full operation in the

eaty 80s. The company is active in developing innovative electronic safety and security systems
by using state of the art technology. Currently, the company employs slightly under 200

empl oyees with 10% being involved dm7R&D.

countries. For the purpose of this exercise, the supply chain involved in manufacturing an
emergency light has been modelled into SCENnAT in order to understand/analyse the impact

caused by natural/weather induced disruptions (measurement ungrdesey light).

In order to map the SC carbon map, the (high level) primary (fégare 24 reported in the
table below have been retrieved via the interview with the comgdre/results of the carbon
accounting module of the emergency light supply rlegtimated using the hybrid methodology
of SCENnAT are translated into a supply chain carbon map to identify carbespdist and
quantify their impacts. The following scale is used in the ranking: Very High (input box colour
coded in red, indicates inputgath emissions greater than 10% of the total lifecycle emissions);

High (orange; 5L0%); Medium (yellow; 15%); Low (green; below 1%).

210



Input Name Amount Avg. Unit Emission Carbon Emission
Cost Intensity Emissions %

Total Monthly Energy 60000kwh  $0.60 0.5600 33,600.0000 100.0%
Plugs and Holds 4kg $0.15 0.8805 3.5221 0.0%
Connectors 4kg $0.15 0.8805 35221 0.0%
Plastic segments 5kg $0.98 06789 3.3945 0.0%

Battery 2kg $0.89 1.1289 22578 0.0%
PCB Materials 1kg $0.78 09234 09234 0.0%
Jumper Segments 1kg $0.67 0.8805 0.8805 0.0%
Wrapping Paper 1kg $0.12 0.2390 0.2390 0.0%
Special Cover 1kg $0.34 0.2380 0.2380 0.0%

Figure24: Emission modelling of Company1

The Supply Chain Environmental Analysis Tool (SCENnAT) was used to modehtbegency
light supply chainin order to evaluate the total lifecycle carbon emissions, identify carbon
hotspots and suggest possible low carbon intervention measures to addhegsbts.

The results of lifecycleg(Figure 25 assessment (LCA) undertaken using the Hybrid LCA
methodology of SCEnAT are based on the environmental impacts due to global warming
potential of theemergencyight supply chainThe total lifecycle carbon emissions was estimated

to be33,614.98g CO2eq/kWh This can further be divided into two main categories: process
LCA impacts and indirect impacts. The process LCA impacts contridi@@®@d0 %of the total
lifecycle impactsof the emergency light supply chain. Indirect impacts associated with the
supply chain were estimated to 1800 % These indirect impacts arise from emissions
associated with indirect inputs from the industries aggregated across 18 sectors namely:
Agriculture, Forestry, Mining, Food, Textiles, Wood & Paper, Fuels, Chemicals, Minerals,
Metals, Equipment, Utilities, Construction, Trade, Transport & Communication, Business

services, Personal Services.
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Figure25: Supply chaimodelling of Companyl

The use of the robust Hybrid LCA ensures that those inputs that might otherwise be missed in
the process LCA system, such as such as construction of commercial buildings (to account for
construction of plants and related building®vece related inputs (such as administration and
business related activities), and other special purpose machineries for instance are captured. The
lifecycle emissions are presented below in a bar chart. It consists of all direct and indirect inputs

into the LCA system, classified into different input categoftggure 26.

Lifecycle Emissions of: EMERGENCY LIGHT
Supply Chain [kg CO2-eq]
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Figure26: Emission outcomes for Companyl
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4.4.2.2¢ Companyz; Distribution centre for supermarkeduring normal operational flow (modelling)

Company2(size: SME, >1M EUR revenues/year, 3PL reliant) operates in Northern Greece and
ensures the distribution of (mainly) food supplies to a national food retailer (chain). The main

operations that have been modelled in order to measure the CO2 outputsréas$ ingact of

supply/ demand caused

by

natural / weat her

ndet

transportation system) are related to inventory/warehouse propagated imbalances caused by

natural/weather disruptions in transportation (measurement uritur of distribution centre

operation):

1 Forklift energy used for picking up/putting down the cargo and any other energy

associated to loading and unloading
Automatic door motors

Afferent utilities

= =4 4 =4

In order to map the SC Carbon Map, the primary datgure 27 reported in the table below

Resulted waste (mostly from wrapping, spillage

Onsite truck transit KMs, gas consumption and CO2 emissions

have been retrieved through the initial interview with the company.

Input Name Amount

Power Supply 5679kWh
Electricity 4589kWh

Power supply 2387kWh
Electricity 2376kWh
Gas 679litre
Gas 679litre

Avg. Unit Emission

Cost

$0.80
$0.80
$0.80
$0.80
$1.40
$1.40

Intensity
0.5000
0.5000
0.5000
0.5000
0.7890
0.7890

Carbon
Emissions

2,839.5000
2,294.5000
1,193.5000
1,188.0000
535.7310
535.7310

Emission
%

32.2%
26.0%
13.5%
13.5%
6.1%
6.1%

Figure27: Emission modelling of Company2

The Supply Chain Environmental Analysis Tool (SCEnAT) was used to model the Distribution

Centre Operations Supply Chain in order to evaluate the total lifecycle carbon emissions, identify

carbonhotspots and suggestgsible low carbon intervention measures to address thspbts.
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The results of lifecycle assessment (LCA) undertaken using the Hybrid LCA methodology of
SCENAT (Figure 28 are based on the environmental impacts due to global warming potential of
the Dsstribution Centre Operations Supply Chain. The total lifecycle carbon emissions was
estimated to be 8,816.59 kg C@8/kWh. This can further be divided into two main categories:
process LCA impacts and indirect impacts. The process LCA impacts contriifd@ei0 % of

the total lifecycle impacts of the Distribution Centre Operations Supply Chain. Indirect impacts
associated with the supply chain were estimated to be 0.00 %. These indirect impacts arise from
emissions associated with indirect inputs from thdustries aggregated across 18 sectors
namely: Agriculture, Forestry, Mining, Food, Textiles, Wood & Paper, Fuels, Chemicals,
Minerals, Metals, Equipment, Utilities, Construction, Trade, Transport & Communication,

Business services, Personal Services.

Figure28: Supply chain modelling of Company?2

The use of the robust Hybrid LCA ensures that those inputs that might otherwise be missed in
the process LCA system, such as such as construction of commercial buildings (to account for
construction of plants and related buildings), service related inputs (such as administration and
business related activities), and other special purpose machineries for instance are captured. The
lifecycle emissions of the distribution centre operatsugply chain are presented below in a bar
chart. It consists of all direct and indirect inputs into the LCA system, classified into different
input categoriegFigure 29.
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Lifecycle Emissions of: Distribution Centre
Operations Supply Chain [kg CO2-eq]
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Figure29: Emission outcomes for Company2

4.4.2.3¢ Companyg, Diary food produceturing normal operational flow (modelling)

Company3 (size: SME, <1M EUR revenues/year, 3PL reliant) operates in Northern Greece,
Greece in one main centre and focuses on dairy products manufacturing. The main gperation
that have been modelled in order to measure the CO2 outputs are the impact of natural/weather
induced disruptions in the transportation infrastructure of the supply/demand on the production

process (measurement unit: 1 kg of Cheese):

Milk processing machineries

Slicing and intermediary operations
Packaging

Storage (including cooling)

Waste, cleaning, sanitizing and dispensing

= =2 =4 A

In order to map the SC carbon m@pgure 30, the primary data reported in the table below

have been ragved through the initial interview with the company.
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Input Name Amount Avg. Unit Emission Carbon Emission
Cost Intensity Emissions %

Utilities 6792kWh $0.80 0.5000 3,396.0000 59.6%
Electricity 2326kWh $0.80 0.5000 1,163.0000 20.4%
Electricity 1678kWh $0.80 0.5000 839.0000 14.7%

Cleaning additives 92litre 51.5200
Additives 82kg 16.2360

Figure30: Emission modelling of Company3

The Supply Chain Environmental Analysis Tool (SCEnAT) was used to modehé&sse unit
supply chainin order to evaluate the tothfecycle carbon emissions, identify carbtwotspots
and suggest possible low carbon interventiwasures to address the-Bpots.

The results of lifecycle assessment (LCA) undertaken using the Hybrid LCA methodology of
SCENAT (Figure 3} are based orhe environmental impacts due to global warming potential of
the Cheese UniSupply Chain The total lifecycle carbon emissions (monthly) was estimated to
be5,702.32 kg CO2eq/kg This can further be divided into two main categories: process LCA
impacts ad indirect impacts. The process LCA impacts contribut®8.00 %of the total
lifecycle impacts of the cheese unit supply chain. Indirect impacts associated with the supply
chain were estimated to 10e00 % These indirect impacts arise from emission®@aged with
indirect inputs from the industries aggregated across 18 sectors namely: Agriculture, Forestry,
Mining, Food, Textiles, Wood & Paper, Fuels, Chemicals, Minerals, Metals, Equipment,
Utilities, Construction, Trade, Transport & Communication, iBess services, Personal

Services.

Figure31: Supply chain modelling of Company3

216



The use of the robust Hybrid LCA ensures that those inputs that might otherwise be missed in
the process LCA system, such as such as construmtioommercial buildings (to account for
construction of plants and related buildings), service related inputs (such as administration and
business related activities), and other special purpose machineries for instance are captured. The
lifecycle emission®f the cheese unit supply chain are presented below in a bar chart. It consists

of all direct and indirect inputs into the LCA system, classified into different input categories

(Figure 33.
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Figure32: Emission outcomes f@ompany3

4.4.2.4¢ The proposed RGFT/RGSCM implementation framework for the three companies

In order to propose a suitable RGFT/BGM implementation frameworkor the three
companies, scenario modelling using SCEnAT has been performed based on thervesttop
rated disruptiongfog and heavy rainin Greece in transportation infrastructures (as confirmed
by the 29 stage and crosglidated by the focus grougm the first part of the third stage).

The overall logic of developing the implementation frarmek is presented in Figure 33he

framework has six main steps:

1 Step 17 Modelling during normal operational flow (exgdhed in details in sections

44.2.1,4.4.2.2 and 423)
1 Step 2i Modelling and simulation during weatheiduced disruptions (fog and heavy

rain)

217



1 Step 3i Modelling and simultation of the application of the highest rated RGFT/RGSCM
strategies (optimization, decision support anart&r routes)
Step 4i Selection of the preferred strategy and assessment/validation (interviews)
Step 5 Inclusion of quintuple helix considerations to the selected strategy

Step 6/ Final consolidatiorof the proposed quintuple helix considerationefviews)

STAGE 1—- QUALITATIVE & EXPLORATORY INTERVIEWS (6 companies) —INSTITUTIONAL (SET I
L FOUNDATIONS FOR STAGE 2) I

STAGE 2 - QUANTITATIVE & QUALITATIVE & EXPLORATORY & CONFIRMATORY —INSTITUTIONAL
SEMI-STRUCTURED SURVEY (N=311)

| h h h |

| Weatherinduced | | RGFT/RGSCM 1 RGFT/RGSCM 1 RGFT/RGSCM |

| |  disruptions | | Practices&KPIs || Drivers &Barriers | Intentions 1
1 1

MODEL & SIMULATE RGFT/RGSCM IMPLEMENTATION

|
! 1
| P T sy £
| | FOCUSGROUPS[N-3jI || __ . _ FRAMEWORKTOOIIT(3compentes) = |
| 1 [ | L Model normal supply chain flow in SCEnAT J‘ :
1 T Canfices | el e e e o o e i i i e e ey
:—I—J 2::;:'; [_Model simulation based on the 2 most rated disruptions : 1
| e e e e e e e e e e ]
i | -=== 1 [ 1
i [l L e O e o e oSt rEled siaregley [ :
I I i e : : :-_ Qualitative feedback on the proposed strategies : 1
1 I Xploreother o A e Yt o o e A L P S A o
| I, mesosystem h rL Mesosystem level extension of the chosen strategy 1' :
I | j__ftors | | oo oo oo oSS oSS oS D D,
| it e U Final qualitative feedback 1
e s s S S T S S e e - =

Figure33: Methodological stages with the quintuple helix framework

Each stage of the RGAFGSCM implementation frameworknodelling andsimulation is
presented below (Step 1 is the growadting activity of initial modelling which is presented in
details insections4.4.2.1, 4.4.2.2 and 423):

RGFT/RGSCM IMPLEMENTATION FRAMEWSREP & ASSESSMENT OF NORMAL OPERATI(Q
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Table25: Stage three emissions during normal operations

Company Emissions during normal operations

Company 1 33,614.9&g CO2eq/kWh
Company 2  8,816.59 kg CO2q/kWh
Company 3 5,702.32 kg CO2eq/kg

RGFT/RGSCM IMPLEMENTATION FRAMEWSORK2 ¢ ASSESSMENT DISRUPTEDPERATIONS

INVOLVES SUPPLY CHAHVREELLING BASED ON THE DISRUPTED STA
THE OPERATIONS

e26: Stage three emissions during fog and heavy rain

Company Emissions during fog Emissions during heavy rain

which causes delays which  causes coordination

issues
eg/kWh with stockout cases
Company 2 14,637.89 kg CO2 16,251.12 kg CO2qg/kWh
eg/kWh
Company 3 6,156.35 kg CO2 6,271.90 kg CO2eq/kg
eg/kg

Based on the interview data collected, several CO2 calculations have been modelled/produced as
shown in the above table. As it can be seen, in certain cases, the CO2 footprint increase was not
substantially higher during the fog and heavy rain inducedigtiens, still, on the long term,

even small increase/deviations can bring cost and compliance breach issues. Additionally, one
peculiar scenario was noticed in case of the first company during heavy rain disruptions in the
sense that the report CO2 outpdts lower, (though) due to the temporary stop of production (as
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an outcome) and which leaded to a significant stmgkwith financial implications and brand

damage.

RGFT/RGSCM IMPLEMENTATION FRAMEWSRK3 ¢ PROPOSED SOLUTIONS MODELLING

INVOLVES SUPPLY CHAHVMREBELLING BASED ON THE PROPOSED

RGFT/RGSCM PRACTICES EXPLORED AND CONFIRMED IN STAGE 2 (
STAGE 3 (Focus groups)

In order to demonstrate this third step of the RGFT/RGSCM implementation framework, the
three top masrated RGFT strategies for Greece (improvement of business inefficiencies (waste
reduction), reliance on soft technology for reéale decision support and enabling shorter
routes) fromStage two(and confirmed in the first part @tage threehave beerused to re

model the three supply chains (wWifascenario modelling) and calculate the CO2 outputs during
fog and heavy rain disruptions for the newly modelled supply chains based on the three key
strategies/interventions. The results are the folloveognprised in Table 2and illustratd in

Figure 34 and Figure 35

Table27: Stage three emissions after modelling the strategies

Company Emissions during heavy rains which causes

Fog disruptions which cause delays

coordination issues

Emissions during fog: 38,212.12 kg €02| Emissions during heavy rain: 28,124.22 kg-C(
Company eg/kwWh eg/kWh* (with stockout casey
1 Optimization/ ICT Decision| Shorter | Optimization/| ICT Decision Shorter
Normal @ Waste support routes | Waste support routes
. reduction reduction
emissions:
33,614.98 | 24,822.1&g 29,167.3%kg | 22,467.81 | 29,122.11kg 22,821.8%g 21,467.81kg
CO2-eq/kWh CO2eq/kWh | kg CO2 | CO2eq/kWh | CO2eq/kWh | CO2eq/kWh
kg CO2-
eg/kWh
eg/kwWh
Emissions during fog: 14,637.89 kg €02| Emissions during heavy rain: 16,251.12 kg-C(
Company — eg/kwh — —— eq/kWh 3
Optimization/ ICT Decision| Shorter | Optimization/| ICT Decision Shorter
2 Waste support routes | Waste support routes
reduction reduction
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Normal

emissions:

8,017.45g 7,561.8%g 8,215.02
8,816.59 | CO2eq/kWh CO2eq/kWh | kg CO2 | 8,025.0%g 7,260.80kg 8,301.1%g
kg CO2- eq/kWh | CO2eq/kWh | CO2eq/kWh | CO2eq/kWh
eg/kwh
Company | Emissions during fog: 6,156.35 kg €&ikg Emissions during heavy rain: 6,271.90 kg-CC
3 eqg/kg
Optimization/ ICT Decision| Shorter | Optimization/ | ICT Decision Shorter
Normal ' \vaste support routes | Waste support routes
emissions:  reduction reduction
5,702.32
kg CO2- | 2,671.10kg 9,872.78g | 5,567.65 2,961.11kg 9,112.66kg 5,522.02g
CO2-eq/kWh CO2eq/kWh | kg CO2 | CO2eq/kWh | CO2eq/kWh | CO2eq/kWh
eg/kg
eg/kwWh
Emissions during fog disruptions and after simulating the
application of RGFT/RGSCM strategies (Tones CO2 eq/kwWh)
% 29.12
25 22.82 21.46
20 16.25
o 9.11
10 8.02 7.26 8.3 6.27 : -
2.96
h B BB R
g 7 g & & 7 g & & 7 g 8
2 = s 8 g = s 3 g2 £ -
3 5 5§ & 3 &8 5 & 3 g5 5 ¢
c o o 2] o c o O 0 o c o o K%) o
S §3 8 & 2 ®§3 8 & 2 ®3 8 &
7 N O a 3 N © o} 7 N O a
2 £ @ = o £
5 5 G 5 5 G 5 5 G
o O ]
Company 1 Company 2 Company 3

Figure34: Stage three Outaomes of fog disruption modelling
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Emissions during heavy rain disruptions and after simulating the
application of RGFT/RGSCM strategies (Tones CO2 eq/kwWh)

% 29.12
30 28.12 :
25 22.82. 2146
20 16.25
o 9.11
8.02 8.3 .
10 7.26 627 552
l l I 2.96 I
i = [
5 5 [ ) 5 0 5 5 [
Tz 8 £ Loz & £ % &z & ¢
2 = ] e g = ] 2 2 = 3 £
s ¢& 5 & 3 %5 & ¢ 3 & &5 ¢
c o o (7] o c o O 0 o c o o 7] o
o =D ‘O = o =D ‘O = o =D ‘O =
2 S8 8 ? 2 =S8 8 ? 2 S8 8 ?
IS £ = £ £ - IS £ =
E £ G 5 = G 5 3 3
O (@) O
Company 1 Company 2 Company 3

Figure35: Stage three Outcomes ofheavy raindisruption modelling

RGFT/RGSCM IMPLEMENTATION FRAMEWSRK2 ¢ INSTITUTIONAL QUALITATIVE FEEDB

INVOLVES QUALITATIVE INTERVIEWS WITH THE 3 COMPANIES (MANA

ORDER TO GATHER THEIR INSIGHTS INTO THE MODELLING RESULTS
¢l 9Lw tw9C9ww95 {h[ | ¢LhbkLb¢COwWx9b¢(¢

In order to assess the suitability/validiti/the modelling & simulation outcomes, brief telephone
interviews (3635 minutes) with the involved companies (with related managers) have been
performed in order to present the findings and ask the representatives to select their desired
RGFT/RGSCM straggy (towards proceeding to the next step).

1 Company 1 This company (electronics manufacturer) met the best results in the
SCEnAT based modelling of the company®&s
disruptions. After a codtenefit analysis performeby the operations manager of the
company, the preferred RGFT/RGSCM strategy is waste optimization techniques (as it
integrates properly with the lean operations model of the company) during both weather
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induced disruptions peci f i c adulcgmphnp@aasu sae liead t hi nking
which will make waste optimization techniques much-efisttive to implement by

reducing the fixed costs and by expanding to our transportation activities

Company 2 This company (distribution centre) had moderatlte in the SCEnAT

based modelling of the companyds supply ct
The explanation for the moderate sustainability effects after applying the three main
strategies during the modelling process resides in the typescdtags employed on the

spot. Specifically, the waste optimization and shorter route strategies did not produce a
substantially |l ow CO2 emission result dur
operations do not rely primarily on these two aspeotdter a costbenefit analysis

performed by the operations manager of the company, the preferred RGFT/RGSCM
strategy is ICT for decision support (as it can provide better synchronization and
distribution centre optimization/scheduling) during both weatheuced disruptions

(Asuch decision support, even though | am
some benefits especially for coordinating
i mpl ement structural changes (hard)o

Company 3 This company (day producer) had moderate and negative results in the
SCEnAT based modelling of the companyés s
disruptions. The explanation for the moderate sustainability effects after applying the
three main strategies during theodelling process resides in the type of operations
employed on the spot. Specifically, shorter routes did not produce a substantially low
CO2 emission result during disruptions as
proximity to eachkother (not requing thus route optimization). Additionally, the
simulation for the introduction of ICT decision support involved substantial changes in
the companyodés workflow and infrastructure
with the simulated disruptionsliinor der t o i ntroduce [ é] I CT
require a lot of new equipment, and changes especially in the production side in order to
integrate better with the freight transportation sysbteji\fter a costbenefit analysis

performed by the operationmanager of the company, the preferred RGFT/RGSCM
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strategy is business/waste optimization (as it can provide more savings and primary

resource waste reduction) during both weather induced disruptions.

RGFT/RGSCM IMPLEMENTATION FRAMEWSRK5 ¢ MESOSSTEM CONSIDERATIONS

THE CHOSEN STRATEGIES WILL BE MAPPED AGAINST THE DRIVERS ¢
& ADDITIONAL MESOSYSTEM RELATED ASPECTS DISCUVERESTIAGH

OF THE THESIS AS WELL AS IN'BTRAGE (FOCUS GROUPS)

Table28: Stage three; mesosystem mapping

Company  Selected Drivers Barriers Other aspects

strategy

Company 1 Business/ Next trend in RGFT Unskilled staff; Lack of
and waste IRGSCM; Competitive Limited information and
optimization  advantage; Thi¢ information training;
Company 3 enables Heterogeneity
RGFT/RGSCM;Lower with  business
taxes partners;
Proactiveness

ICT tools for Next trend in RGFT, Big investment; towards eco

Company 2 decision RGSCM; Competitive Unskilled staff; innovation and
support advantage; Technolog Limited co-
enables information modernisation.
RGFT/RGSCM

RGFT/RGSCM IMPLEMENTATION FRAMEWSRKS ¢ MESOSYSTEM INSIGHTS

THE QUINTUPLE HELIX MESOSYSTEM FACTORS (DRIVERS/BARRI
ASPECTS) ATTACHED TO THE CHOSEN STRATEGIES WILL BE Q

EVALUATED BY EACH OF THE 3 COMPANIES IN ORDER TO AS
MESOSYSTEM LEVEL FEASIBILITY OF THE PROPOSALS.
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For assessinthe suitability/validity of the mesosystem considerations attributed to the proposed
RGFT/RGSCM strategies (Table 46), telephone interviewss@4inutes) with the involved
companies (with related managers) have been performed in order to preserditigs tamd ask

the representatives tmnsolidateexplain and potentially extend these proposas.

All three companies agree with the drivers and barriers to the chosen RGFT/RGSCM mitigation
strategies during fog & heavy rain induced disruptions. Additignad terms of the quintuple

helix mesosystem level issues such as heterogeneity with other institutions and willingness to
engage in ecmnovation diffusion (and/or transformation) through the adoption of such
RGFT/RGSCM practices the opinions, in eaelse, are the following:

Company 1(electronics manufacturelnpsas mission to become an eomovation leader (as its
stakeholder group resides in similar misets) and diffuser through raising standards within
business partnerships and among allitvelved quintuple helix stakeholdefsi we ar e part
|l eading | eague of gl obal manufacturers) [ é] ar
however the general lack of skills and information at the mesosystem level prohibits this action

to achieveits maximum potentiali we ar e al ways trying to keep
| at est trainings [ é] but it i s ). bor éxammple,ther d t o
company would be willing to implement waste optimization to its fullest potehtalever, the

other mesosystem level stakeholders (i.e municipality, public services, other bu$iasssed

enabling the required etreation/synergy to produce the intended outcoifiesse aspects seem

to partially contradict the policy view emergedrh the focus groupsSfage thre®art on¢ and

confirm the related literature (Ivanaj et al., 2015; Hsu et al., 2013; Hu & Hsu, 2010; Ninlawani et

al., 2010; Mont & Leire, 2009; Seuring & Muller, 2008; Walker et al., 2008; Srivastava, 2007;
Chien & Shih,2007; Wright & Elcock, 2006; Tsoulfas & Pappis, 2006; Yalabik et al., 2005;
Evans & Johnson, 2005; Eveloy et al., 2005; Handfield et al., 2005; Widmer et al., 2005; WEEE,
2003).Additionally, the primary objectives of each stakeholder is substantiallyreift and this

leads to lack of proper adoption at the mesosystem level einrowations. These findings

confirm the initial assumptions of the role of ST, INT, DIT and EMT in explaining the process of
ecainnovation diffision in CAST based mesosystennsl are also in line with the focus groups

from Stage thre@art one’ while also supporting the literature (Bhattacharya et al., 2014; Green

et al., 2014; Shen et al., 2013; Hsu et al., 2013; Taticchi et al., 2013; Hitchcock, 2012; Dei &
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Shefi, 2012; Baital., 2012; Shi et al., 2012; Olugu et al., 2010; Tsoulfas & Pappis, 2008, Rao
& Holt, 2005; Hervani et al., 2005).

Company 2 (distribution centre) an@ompany 3(dairy producer) are less inclined to engage in
ecainnovation diffusion and to adopt any taeed transformations mostly due to the fact that

their stakeholder group does not require such meaguiesve cannot engage i n |
[ ] . As Il ong as we can keepy a )ploishringsthusanb al an
additional argument for the role of ST and INT when it come®&vciveecainnovation (EMT)

diffusion (DIT) in CAST based mesosysteriSovindan et al., 2015; Ivanaj et al., 2015;
Chakrabarty & Wang, 2013; Hsu et al., 2013; Shi e8l12; Rehman & Shrivastava, 2011; Zhu

et al., 2010; Testa & Iraldo, 2010; Carter & Rogers, 2008; Chen, 2008; Vachon & Klassen, 2007;
Chien & Shih, 2007; Ellen et al., 2006; Capaldi, 2005)

4.4.2.5¢ Summary of the modelling & simulation stage
The moelling & simulation stage using SCEnAfMas been utilizedkowards subjecting

companies to RGFT/RGSCM implementation frameworks under quintuple helix mesosystem
considerations. As a core literature claim for understanding RGFT/RGSCM, modelling &
simulation @abled to crossalidate in a more realistic scenario the findings of thfeseage
(primarily) as well as to qualitatively cresalidate the findings of the focus groups from the
third stage. The results of the modelling & simulation phase convergeheitirevious findings

(from the previous methodological stages) and strengthen the claims DFTheillars of this

thesis by crossalidating the assumptions identified in the literature for each Pillar, as well as
answering the CRQs and OBs. A full pic¢ and critical analysis of all the stages is provided in

section 5 of the report.

4.5Summary of the data analysis process
This chapter discussed the data analysis results for the thre main methodological stages

employed by this researclstage one- Qualitative exploratory interviews at the institutional
level (N=6, one in each different country from SEE) to consolidate the scarce literature findings
(from SEE) and to enable a more targeted approach for Stag®#atehas been analyzed via
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inductivecontent analysisStage two- Qualitative (exploratory) and quantitative (confirmatory)
semistructured survey across the six SEE countries (N=311) at the institutional level (test and
explore: RGFT/RGSCM practices and their implementation status, dr&elsmrriers to
RGFT/RGSCM implementation, KPIs used to monitor RGFT/RGSCM and wilingness to
implement RGFT/RGSCM)Data has been analyzed via quantitative statistical methods as well
as inductive content analysiStage threei Part one - Exploratory and enfirmatory qualitative

focus groups (N=3) to provide more insight into Stage two in Greece only and to leverage the
institutional level findings to a stakeholder/quiple helix mesosystem lev@ata has been
analyzed via inductive content analysis fallng a proper focus group protocoBnd Stage

three 7 Part two - Modelling and simulation of institutional level supply chains towards
proposing a quintuple helix framework (as confirmed/explored in Stage Rar¢eoné for the
implementation of RGFT/RGSCM dung weathefinduced disruptions (data has been
guantitatively analyzed in this case via the modelling tool and qualitatively explored via

validation interviews).

Overall, the results provide explorations into converging the fiverigedowards explaining

how RGFT/RGSCM can be implemented institutionally and at the mesosystem level (in SEE
with the main focus on Greece) under a quintuple helix apprioabkere the key message that
has been revealed is that quintuple helicoeation,goal an KPI alignment of all stakeholders
and capacity to transform (eooodernize) of institutions are the key enablers of fast eco
innovation (RGFT/RGSCM) diffusion and implementation. A detailed critical discussion about
each findhng and about the tmaulation andvalidation process is provided in Chapter 5

(Discussion)
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Chapter 5: Discussion

5.1 Introduction
This section provides a critical analysis of the primary research findings against the literature

derived hypotheses that led to the creation of the converged research questions ¢CREs),
research objectives (OBs) and of the pillars of the proptieentetical frameworlof the thesis.

Each such item will be discussed in individual subsections.

In order to provide a better understanding on the validity of the triangulation provided below, the
following bullet points summarize the key points of eacleaesh stage that leaded to the

emergence of the following outcomes:

1 Stage ond Qualitative exploratory interviews at the institutional level (N=6, one in each
different country from SEE) to consolidate the literature findings and enable a more
targeted pproach foiStage two

1 Stage twoi Qualitative + quantitative exploratory & confirmatory sestructured
survey across the six SEE countries (N=311) at the institutional level.

9 Stage threei Focus groupsViodelling & Simulation

o 1 Part one Exploratory & confirmatory qualitative focus groups (N=3) to
consolidateStage twoin Greece only and to leverage the institutional level
findings to a stakeholder/quintuple helix mesosystem level.

o 1 Part two Modelling & simulation of institutional levesupply chains towas
proposng a quintuple helix framewortas confirmed/explored iBtage thre®art
ong for the implementation of RGFT/RGSCM during weatmsluced
disruptions.

5.20utcomes for the converged research questions

CRQ1 and CRQ3 Bottomup: How can local level institutional EMT driven ermovations
(either transformative or disruptive) diffuse faster under the DIT behaviour andugcat®oss

the RGFT CAST driven microsystem panarchy duringesitowards enabling resilienaad
Transversal: What are the local level institutional controlled processes of the CAST driven
RGFT microsystem and how do these institutional controlled processes integrateemuiveo
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with the ones of other quintuple helix stakeholders in order to ecakleeation and fast eeo
innovation adoption (EMT, DIT) towards ensuring RGFT at the quintuple helix mesosystem

level:

Stageoner eveal s uni |l at e raqaihtuple hetixicereatioa asda cdreoenabl@r|[ é ]

of EMT driven eceannovation diffusim & scaleup (DIT) across the CAST based
panarchy/microsystem and thus this informs the literature which sustains CRQ1. From the data
collected, the foll owing factnmourtsuadr es ukpepy ren dI
standardisation of practicgsdlicie® ;tranSparency of operations;techinology usage ; bettér

regi onal gil;a@ini egh§ge¢ed transporhaweovear i nér as
these enablers are inner RGFT/RGSCM practices (that would triggeneaton) as initially

suggested by Bahadur & Doczi, 20168Dubey et al., 2015; Zhu et al., 2010; Darnall et al., 2008;

Hu et al., 2008; Walker et al., 2008; Gonzales et al., 2008; Handfield et al., 2005; Bansal &
Hunter, 2003, Sarkis, 2003%tage twodid not focus particularly on this aspect, however the
impacting factor revealed through this stage resides in the use of technology as a key enabler of
fast RGFT/RGSCM adoption & diffusion (N=311, Average: 4.10 out of 5 Likert scale).

Stage three(focus groups part, N=3) though reveals the critical importance of -coeation

towards ensuring faster diffusion of ecmovations from the institutional level to the
mesosystem level and thgsachieved throughif €] f ocusi ng on t fil@s smar-t
of Greece i which are based on ed@novation and technology (Kikidis et al., 2016) being

thus in line with the EMT, DIT & CASTorii [ é ] aligning the idicentiywv
aspect also highlighted bgéhadur & Doczi, 201@hattacharyat al., 2014; Green et al., 2014;

Shen et al., 2013; Hsu et al., 2013; Taticchi et al., 2013; Hitchcock, 2012; Dei & Shefi, 2012; Bai

et al., 2012; Shi et al., 2012; Olugu et al., 2010; Tsoulfas & Pappis, 2008, Rao & Holt, 2005;
Hervani et al., 2005)or imi met i ¢ transf ormati on [ é] for co
appears to play a critical role in the specif
the greater the transformation/diffusianaspect also in line with (Govindan et al., 201E&nTet

al., 2014; Zhu & Geng, 2013; Dornfield et al., 2013; Zhu et al., 2012; Zhu & Liu, 2010; Testa &
Iraldo, 2010; Liu & Buck, 2007).
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Still, according to the results ddtage three (modelling and simulation) consolidatedby
gualitative interviews (N=3), such difélbsion
the suitability of such solution for one company may not be the same for another company, or
may not be properly integrated with the government and socielys Bupports similar claims

performed by (Zhu et al., 2012; Carter & Rogers, 2008; Steensma & Corley, 2880)yell,

Adi sruptive transfowmat iodn tihe [iéhllnopraefoe sde cd
groups, however, industry and government wexg/ reluctant to disruptive egonovations in

the current quintuple helix mesosystem context of Greece and argued for transformative
innovation as a more financially secured method for enabling RGFT/RGSCM undetradiast

timeline. This aspect is alsim line with the literature with regards to the financial aspect
involved by such investments (Govindan et al., 2015; Drohomeretsk et al., 2014; Zaabi et al.,
2013; Diabat & Govindan, 2011; Connell, 2010; Alkhidir & Zailani, 2009; Walker et al., 2008;

Presley et al., 2007; van Hemel & Cramer, 2002) as well as Stdlge one(ie.i [ €] our mai |
barrier is cost rather than flexibility and willingness to try such practicgs 8&tagd two

findings (where the cost aspects were rated as highly problemdiee A Too bi g i nves
item has been rated 4.00/5, N=311).

Finally, the institutionally controlled processes (KPIs) are subgttivthe findings mentioned
above and are discussed in more details in the next section that focuses on OBs. Stik all thre
stages converge on the role ofaeation to answer CRQ1 supporting thus the work and claims
of (lvanaj et al., 2015; Hsu et al., 2013; Hu & Hsu, 2010; Ninlawani et al., 2010; Mont & Leire,
2009; Seuring & Muller, 2008; Walker et al., 2008; Srivast®@)7; Chien & Shih, 2007;
Wright & Elcock, 2006; Tsoulfas & Pappis, 2006; Yalabik et al., 2005; Evans & Johnson, 2005;
Eveloy et al., 2005; Handfield et al., 2005; Widmer et al., 2005; WEEE, 2003) in relation to co

creation, collaboration and -enodernisdabn.

CRQ2 and CRQ7 Top-down: How can the modernized ecosystem level (explained by the ST)
generate econovation exogenous pressures on the individual institutions (explained by INT) in
an international ecosystem and what are the institutional legplomees to such induced
modernization and Transversal: How does the DIT properly explain the adoption of EMT by
CAST based RGFT institutions?
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The methodological convergence is described the best th®iagie three(focus groups and
modelling & simulation) which triangulatesgonsolidatesnd informsStage oneandStage two

in the following manner:

More institutions have inner transformational desire towards incorporatingnremeations in

order to adapt to global standards/trends (.¢4. € ] I a im seal fov angwssuch eco
innovations to be ahead of competition and in trend with societal demandsSuch out c o me
in high coherence with the literaturBahadur & Doczi, 2016Dubey et al., 2015; Govindan et

al., 2015; Zhu et al., 2012; Zhu et alQ1D; Darnall et al., 2008; Hu et al., 2008; Walker et al.,
2008; Gonzales et al., 2008; Handfield et al., 2005; Bansal & Hunter, 2003, Sarkis, 2003). This is
also quantitatively confirmed b$tage twowhere, for example, a specific part of the survey
targded to test the adoption level of eicmovations under three main behavioural variables
(behavioural intention to adopt eomovations (BI), perceived usefulness of -@maovations

(PU) and perceived ease of use of -eowvations (PEU). More specificgl/l whether the
respondents declare a high PU (4.00/5) of RGFT/RGSCMremyations, the PEU of such eco
innovations is considerably low (2.38/5). The PEU is linked to the limited information and
knowledge on this topic described also by (Govindan et 24115 Zaabi et al., 2013;
Drohomeretsk et al., 2014; Balasubramanian, 2012; Diabat & Govindan, 2011; Sarkis et al.,
2010; Soler et al., 2010; Vuro et al., 2009; del Brio et al., 2008; Yu & Hui, 2008; Walker &
Preuss, 2008). Still the Bl element (which ie ttore measurement of the willingness to adopt
ecainnovations and thus support the DIT statements) is moderately high (335@/§¢. ones

not related to informing these findings.

These institutions will perform partnershipsto@ate only with instittions with similar values
inducing thus a transformational change in other institutions {pessure to adhe to ece
innovations)i aspectwhich is in line with the literature on coercive adoption of EMT driven
ecainnovations under the DIT assumption§Govindan et al., 2015; Ivanaj et al., 2015;
Chakrabarty & Wang, 2013; Hsu et al., 2013; Shi et al., 2012; Rehman & Shrivastava, 2011; Zhu
et al., 2010; Testa & Iraldo, 2010; Carter & Rogers, 2008; Chen, 2008; Vachon & Klassen, 2007;
Chien & Shih, 2007Ellen et al., 2006; Capaldi, 20053tage twothough, does not add validity
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to these findings as the instruments that measured (N=311) the requirements in terms of

environmental/social sustainability of stakeholders scored verydoeh as

ARequest of overall environment al pr ac
Al mpl ement ati on of Environment al Manag
Al nterest in green supply chain managem

partner trains)ngofiReqguledstouaf ogdnvironmen
(2.09 out of 5) and #AProvision of detai
of 5).

Even more, bsides being in contradiction withtage three(focus groups)as

well as in partial contradiction witlstage three(modelling and simulation
which reveals varied visions of the interviewed companies in terms of the
requirements imposed to the institutions from their stakeholder bistdge two

and Stage three(focus groups) as well aStage oneconfirm the vision/goals in
terms of prospective RGFT/RGSCM implementation and reveal the limited

implementation of such practices at the moment in SEE and Greece.

Furthermore, the results show that tk€l/controlled process alignment during disruptions
(towardsenabling RGFT/RGSCM through egmnovations) will be done following the axes of
the smart specialization strategy as well as localized-ims@itutional cacreations (as showed in

the discussion for CRQ1 and CRQ3kextending thus the CAST based knowledgder the

Greek mesosysterStage oneand Stage twodo not impact on this item.

Still, due to the high complexity of inténstitutional cecreations especially in RGFT/RGSCM

this peefpressure will expand covering a wide area of the mesosystem ttikisgall the
localized intetinstitutional cecreations at a homogenous mesosystem lewetlely confirming

the previous literature on this topiBghadur & Doczi, 2018Qubey et al., 2015; Govindan et al.,
2015; Tian et al., 2014; Gobbo et al., 2014, 2hal., 2012; Darnall et al., 2008; Andrews et al.,
2003; Hoffman & Ventresca, 2002) (lvanaj et al., 2015; Chakrabarty & Wang, 2013; Golicic &
Smith, 2013; Zhu et al., 2010; Testa & Iraldo, 2010; Nawroka, 2008; Walker et al., 2008; Chien
& Shih, 2007; Herani et al., 2005; Ginsberg & Bloom, 2004; Delmas & Toffel, 2004; Gupta &
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Pierro, 2003; Rao, 2002; Chan & Lau, 2001; Hoffman, 208@ge oneand Stage twodo not

impact on this item.

This expansion leads to a mesosystem/stakeholder block which wtly iaduce exogenous
pressures to any new individual institution that aims to join this network/chain. Such aspects are
in line with the previously identified literature (Govindan et al., 2015; Ivanaj et al., 2015;
Chakrabarty & Wang, 2013; Hsu et al. 130Q Shi et al., 2012; Rehman & Shrivastava, 2011; Zhu

et al., 2010; Testa & Iraldo, 2010; Carter & Rogers, 2008; Chen, 2008; Vachon & Klassen, 2007;
Chien & Shih, 2007; Ellen et al., 2006; Capaldi, 2005) in relation to the mesosystem induced
coercive adopon of institutional practices (paving thus the link between INT, ST, EMT and
DIT) i as well as the adoption of practices under normative compliance (Govindan et al., 2015;
Drohomeretsk et al., 2014; Lee & Kim, 2011; Mann et al., 2010). These findingzaehg
sustained bystage oneas well as largely confirmed [8tage two(N=311) under the framework

of assessing the drivers of the implementation ofienovations imposed from the mesosytem
level (for more details see the next section where the drireeseing discussed). The qualitative
consolidation(N=3) of the modelling & simulation based quintuple helix RGFGSCM

implementation frameworkrom Stage three(second part) also sustains these findings by

arguing thatfi [ € ] i f  weecoinnovatipg which slowly becomes a key market trend,
then everybody wild/l adopt it to become compei
wi | | devel op mechanisms to support thié. and t

The remainingissue in this context resides in isolated michains/microsystems within the
mesosystem which may serve very localized purposes and may not be affected by such pressures

and desires to join the wider stakeholder block.

Finally, even in this peer modeated/normalized mesosystem, there still is a drive to be more
competitive (for institutional level survival) and to this end, individual institutions will continue

to ecoeinnovate and induce peer transformational pressure that will become
mesosystem/stakelder wide and will generate exogenous pressures on new chain entrants as
also proposed by the literaturei either as a coercive pressure to -eco
innovate/transform/moderniz&84hadur & Doczi, 2016Dubey et al., 2015; Zhu et al., 2010;
Darnall et al., 208; Hu et al., 2008; Walker et al., 2008; Gonzales et al., 2008; Handfield et al.,
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2005; Bansal & Hunter, 2003, Sarkis, 2003) or simply as an inner desire to innovate (Govindan
et al., 2015; Tian et al., 2014; Dornfield et al., 2013; Zhu et al., 2012; Re&n&hrivastava,

2011; Testa & Iraldo, 2010; Vachon & Klassen, 2007; Zhu & Sarkis, 2007; Hervani et al., 2005;
Khalid et al., 2004tonfirming thus the EMT and DIT assumptions within the HST induced
framework. Stage two strongly confirms this aspect (meo details in the next section that
presents the discussion on the drivers towards RGFT/RGSCMnmaeation adoption).
Similarly, Stage three(second part)also sustains these findings by providing arguments such
assn[ é] t he -mnoeatioe difision ietiiggered by the constant need of institutions to
be more competitivgl strengthening thus the convergence of the EMT, DIT, ST and INT under
a CAST driven context. Still, the debate between transformative and disruptivenegation

diffusion tavards solving the RGFT/RGSCM challenge is not well sustained.

CRQ4 andCRQG6 Transversal: What are the effects of the interconnectedness of the

institutional level stakeholders and the location of the disruption within a quintuple helix CAST

basedmesosystem on the RGFT process in terms of the effectiveness of the emerged eco
innovation (EMT) diffusion (DIT) and Exogenous: How can stochastic externalities induced

disruptions (such as environmental conditions) be better overcame in CAST ecosystegis th

ecainnovation (EMT, DIT)?

The methodological convergence is described the best (as in the previous case) Stegegh
three (focus groups and modelling & simulation)which triangulatesgonsolidatesand informs

Stage oneandStage twoin the fdlowing manner:

The CAST based interconnectedness plays indeed a critical haieever this is already taken

as granted as there are already connections among all quintuple helix stakehold@rg @.9.

thinking about connections, yes, there are brgddge a mong a)l IHoweaert or s 0

i nterconnectedness r equcomam language, Coniaom&isiond , i n
ficommon KPIS i and all this can be achieved with the support of the smart specialization
strategy (with the government as moderator)dp@ on the triggers launched by industry &
society/environmentalists. This is also in line with a certain literature strand (Kamalahmadi &
Parast, 2016; de Siqueira et al., 2015; Choudhury et al., 2015; Kim et al., 2015; Cardoso et al.,
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2015; BrandorJones et al., 2014; Wieland & Walenburg, 2013; Mandal, 2012; Blackhurst et al.,
2011; Petit et al., 2010; Falasca et al., 2008; Craighead et al., 2007; Tang, 2006, Christopher,
2004), however there is no clear insight into whether that too much density @scoeasplexity

and di sruptions?©o i mpact, whi |l e I sol ation m
interconnectedness plays a key role (accordingtamge threg also in how disruptions can
capitalize as sources of egmovation and triggers of RGFT/RGSCMaptices (Kamalahmadi

& Parast, 2016; Choudhury et al., 2015; Kim et al., 2015; Cardoso et al., 2015; Biam#snet

al., 2014; Wieland & Walenburg, 2013; Mandal, 2012; Van der Brugge & Van Raak, 2007;
Quist, 2007; Sondejker et al., 2006jage ongN=3) does provide some insight into this matter

by arguing for the need of connectivity at the quintuple helix mesosystem level (in the case of
Greece), however it does not entire answer this queStage twodoes not provide significant
insight into thistem.

The DIT based diffusion of the EMT driven etmovation (under the exogenous stochastic
events such as weather induced disruptions) follows the DIT based principles and is indeed
reliant on the interconnectedness, however the indicators of intercontyeictngyond the ones
mentioned in the previous bullet pointonsist of the inner resources & capacity of institutions

to adopt and assimilate egmovations (capacity to foster the transformation) and then their
capacity to diffuse further such eomovationsi also in line with (Bahadur & Doczi, 2016; Van

der Veqgt et al., 2015; Bach, 2015; Tihanyi et al., 2014; Mari & Memon, 2014; De Rosa et al.,
2013; Cutter et al., 2013; Derissen et al., 2011; Rose, 2011; Turner, 2010; Lebel et al., 2006;
Radjou et B, 2012; Bound & Thornton, 2012; King et al. (2016); Thorpe & Fennel (2012)
Pescaroli & Alexander (2016); Winn et al., 2010; Alley et al., 2003; Hulme, 2003; Scheffer et
al., 2001; Linnenluecke et al., 2012). This is also strongly supported (quanyfabyebtage

two (N=311) under the drivers ®#GFT/RGSCM implementation section (more details can also

be found in the next section as well) asllvas qualitatively supportdaly theconsolidatiorof the

second part of Stage three (modelling & simulation) where the need foii nner [ é]
transformative capacity aswab $it ant i al f i noa nhcaivael b[eée]ln sroeupnodrnte

The effectiveness of the diffused eomovation should be measured against the KPIs and

metrics defined at the mesosystem level toudela wide spectrum of metrics as also reported
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by (Bhattacharya et al., 2014; Green et al., 2014; Shen et al., 2013; Hsu et al., 2013; Taticchi et
al., 2013; Hitchcock, 2012; Dei & Shefi, 2012; Bai et al., 2012; Shi et al., 2012; Olugu et al.,
2010; Tsouias & Pappis, 2008, Rao & Holt, 2005; Hervani et al., 2005). However, as reported in
Stage oneand in the qualitativeexplorationof the second part of Stage three the current

quintuple helix mesosystem from Greece does not fully resemble these aspects.

CRQ5: Methodologies: What CAST systems modelling and simulation, rmxetthods research

and behavioural analysis can be performed within an ecos{stem

Stage three (first part T focus groups) revealed the following RGFT/RGSCM
modelling/methodologies techniques within a CAST based quintuple helix mesosystem which

strongly support a specific literature strand such as:

Firstly, high reliance on technology to enable modelling & simulation basedal time big data
(Siddhartha & Sachan, 2016; Bruno et al., 2012; Min & Zhou, 2@&)ondly, dvelopment of
integrative multistakeholder modelling methods that can capture view plurality in a coherent
manner (mixed methods) as a way to achieve thepoomise between complexity and the
graspable representation/encapsulation of supply chain structures and behaviours into models
(Barbati et al.,, 2012; Fleisch & Tellkamp, 2003hirdly, modelling and assessment &
multidisciplinary bridging of knowledge dnexpertise to help solve this social challenge (i.e.
under environmental sustainability considerations such as (H@Aton et al., 2015; Aquaye et

al., 2014; Chourdhary et al., 2013; Genovese et al., 2013; Koh et al., 2011; Lee et al., 2011))

Finally, the qualitativeconsolidationof the second part of Stage threesupports the claim for

the use of LCA modelling & simulation tools (such as SCENnAT) as a support mechanism to
mixed-method research towards analysing the complex challenge of RGFT/R@%&ckmann

et al., 2015; Qazi et al., 2015; Tattichi et al., 2015; HuRaaientos et al., 2015;Soosay &
Hyland, 2015; Smith & Rupp, 2015; Sounders et al., 2015; Power & Gruner, 2015; Deacon et al.,
2014; Storer et al., 2014; Soundararajan & Brown, 2014, loétiéh, 2014, Seuring, 2013)
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5.30utcomes for the research objectives

OBL1.1: Understand which weather conditions cause the most impactful disruptions in road
freight transportation from SEE (relates to CRQ6) &#2.1: Understand what negative
business outcomes emerge as a result of such disruptions:

Stage oneprovides an initial qualitative insight (very limited) into the most relevant weather
conditiope]ssobwadlizzards, stor m®,wiihcdys r[oéad s
and hea weaveé , [ éf ot hed (hmemdidrsg on the geographic
country) i all these causing institutional impacts suchfiag € | financi al | osse
inefficiencieso, [ é] wasteso, Ai nf rtaisotnrouct u
These findings fronstage onecover only a small part of what the systematic literature review

and did not reveal any new items providing tlmesfirmationfor a sample of the identified

literature Bahadur & Doczi, 20161 & Coates, 2016; Chhetri et al., 2016; Snyder et al., 2015;

Loh & Thai, 2015; Mattson & Jenelius, 2015; Global risks, 2015; GAR, 2015; Van der Veqgt et

al., 2015; Linnenluecke et al., 2012; Ergun et al., 2010; Natarajarathinam et al., 2009; Stecke &
Kumar, 2009; Nakano, 2009; Sanchendriguez et al., 2008; Linnenluecke et al., 2012; Ross,

2003; Hale & Moberg, 2005 Monahan et al., 2003).

To this end,Stage two (N=311) exploresin a systematic manner a broader number of
disruptions and their institutional/mesosystem implications identified through the literature
review confirming that icy roads (4.16/5), snowfall (4.15/5), fog (3.88/5), blizzards (3.77/5) and
heavy rains (3.45/5)ause the following business outcomes: delays in deliveries (4.51/5), overall
coordination issues (4.19/5), client complains (4.06/5), loss of revenue (4.05/5), increased fuel
consumption (4.03/5), extra cost (3.98/5), decrease of speed (3.85/5), inc€Z&&eunissions
(3.60/5), inventory inconsistencies (3.53/5), congestion (3.46/5), longer distances (3.38/5),
missed deliveries (3.21/5) argdaff complains (3.02/5). Thimstitutional impact of weather
disruptionsis homogenous across all 6 countries, levlihe disruptions are country specific (due

to climate specificity). The findings are in line with the literature mentioned in the previous
bullet point.

Stage three(first part - focus groups)with the focus on Greece confirm as well these aspects,
howeer the discussion on whether such disruptions can be seen as a sourcéndwton

was not positive due to the financial constraints of the mesosystem. Specifidaléy ] in orde
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for such disruptions to be seen as a source ofimmovation, this reques a disruptive
approach while the current stage of the country can support only transformative inna¥gtion
thus, this EMT driven approach of DIT based innovation outburst and diffusion is not confirmed
for the case of Greece proving thus the limitagi@f this phenomenon described by (Francis &
White, 2016; Choudhury et al., 2015; Akgun & Keskin, 2014; Gogelci & Ponomarov, 2013;
Demmer et al., 2011; Christopher & Hollweg, 2011; Pham et al., 2008; Reinmoeller & Van
Baardwijk, 2005; Hamel & Valikanga2003). Similarly,Stage three(second parti modelling

& simulation) confirms the criticality of therevealeddisruptions & business impact (by
focusing on only one sample of the most relevant ones for Greece: fog disruptions which caused

delays and heavy rain disruptions that cause overall coordination issues).

0OB2.2: Understand what (green) key performancedattirs do business use and to what extent
when dealing with disruptions ai@B3.3: Compare the RGFT KPlIs of businesses with the ones

of the involved mesosystembébs stakehol ders (re

Stage oneprovides a very limited insight into this matter @smnpared to the wide variety of
indicators provided by the literature) which denotes the substantial lack of information and
knowledge in SEE in this area. To this end, based on the indicators resulted from the systematic
literature reviewStage two(N=311) confirms the following highest rated indicators: Cost per
TKM - 3.97/5; Focal Firm Profi8.99/5; Total Time 4.00/5; On Time Deliveries3.03/5;
Service Frequency 3.08/5; Reliability of Transport 3.04/5; Distance to Cover 3.05/5;
Efficiency Duing Disruptions- 3.15/5; Efficiency Before Disruptions3.08/5; Trips Required

for Shipment- 3.01/5; Total Fuel Consumptiocrd4.00/5; Customer Satisfactiord.09/5; Safety

of Transportation 3.03/5; Corridor Availability and Capacity3.11/5; Total Bergy Used-
3.95/5;Mileage- 3.18/5; Environmental Penalties4.01/5. These findings are in line with
(Baumgartner et al., 2015; Piotrowicz, W., & Cuthbertson, 2015; Bhattacharya et al., 2014;
Varsei et al.,, 2014; Ahi & Searcy, 2015a; Ahi & Searcy, 2Q01Gbpal & Thakkar, 2012;
Ninlawani et al., 2010; Shang et al., 2010; Ara@mrea et al., 2008; Zhu et al., 2007; Vachon

and Klassen, 2006; Hervani et al., 2005; GonzBlezito, 2005; Rao and Holt, 2005; Zhu and
Sarkis, 2012), however neithBtage onenor Stage twoprovide any specific insight into how
these KPIs integrate with the KPIs of the other quintuple helix mesosystem stakeholders. Even
more, as it can be seen, only 3 out of these 17 highest rated RGFT/RGSCM KPIs can be
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considered as environmahtsustainability indicators (total fuel consumption, total energy used
and environmental penaltie$) even though all these three indicators havelear financial
implication - aspect which confirms the views of the literature. Having so few environimenta
sustainability indicators reveals that also the related RGFT/RGSCM practices are limited as
shown in the discussion for OB2.3 and OB2.4.

Stage three(first part - focus groups as well as second pait modelling & simulation)

however, attempts to providen insight into how these SEHevel KPIs integrate at the
mesosystem level, however the results of the discussions show a clear heterogeneity (as current
status in Greece) especially when it comes to the integration of economic, social and
environmentaindicators for RGFT/RGSCM. Still the outcomes show a unilateral commitment
and vision that KPIs must become homogenous across the mesosystem towards enabling proper
RGFT/RGSCMi supporting thus the work of (Bhattacharya et al., 2014; Green et al., 2014,
Shen et al., 2013; Hsu et al., 2013; Taticchi et al., 2013; Hitchcock, 2012; Bjorklund et al., 2012;
Dei & Shefi, 2012; Bai et al., 2012; Shi et al., 2012; Olugu et al., 2010; Tsoulfas & Pappis, 2008,
Rao & Holt, 2005; Hervani et al., 2005).

OB2.3: Undersand to which extent do businesses implement green practices during their
decision making processes aD&2.4: Understand what drivers and barriers do businesses face

when aiming to adopt/implement green practices:

All three stages converge on the low ierplentation of green practices and ¢hearespicture is
providedby Stage twowhich shows the final rating for the current status of implementing green
RGFT/RGSCM practices (all practices apart from total fuel consumption, total energy used and
environmatal penalties have received scores under 3 out of 5 with an average ofS2ab2).

three (first part - focus groups)clarifies this even more caniing the lack of information and

knowledge on these concejptseasoning thus the low level of their implentation.
Regarding the drivers & barriersall three stages converge over the findingStage two

Confirmed & highest rated drivers:
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Client appreciation- 4.10/5, Next trend in logistics 4.07/5 and Public acceptance
3.95/5as external coercive drivers (mesosystem) which confirm the work of (Govindan
et al., 2015; Ilvanaj et al., 2015; Chakrabarty & Wang, 2013; Hsu et al., 2013; Shi et al.,
2012; Rehman & Shrivastava, 2011; Zhu et al., 2010; Testa & Iraldo, 2010; Carter &
Rogers, 2008; Chen, 2008; Vachon & Klassen, 2007; Chien & Shih, 2007; Ellen et al.,
2006; Capaldi, 2005) while also proving the mimetic character of EMT driven eco
innovation diffusion (Govindan et al., 2015; Tian et al., 2014; Zhu & Geng, 2013;
Dornfield etal., 2013; Zhu et al., 2012;Zhu & Liu, 2010; Testa & Iraldo, 2010; Liu &
Buck, 2007).

Competitive advantagest.03/5and Lower taxes4.02/51 as internal financial drivefis

in line with (Govindan et al., 2015; Tian et al., 2014; Alzaman, 2014; Sli,e2012;
Eltayeb et al., 2011; Carter & Rogers, 2008; Zhu et al., 2010, Ninlawani et al., 2010;
Molina-Azorin et al., 2009; Carter et al., 2007; Chien & Shih, 2007; Mollenkopf et al.,
2005)

Governmental support is higher3.92/57 as normative driver @dicy compliance)i
confirming thus (Govindan et al., 2015; Drohomeretsk et al., 2014; Lee & Kim, 2011,
Mann et al., 2010).

Technology enables RGFB.05/5 and Green resilience is importan8.94/5 - as
internal environmental and operational efficiesdi@sed on technology (Govindan et al.,
2015; Ivanaj et al., 2015; Alzaman, 2014; Tian et al., 2014; Hsu et al., 2013; Golicic &
Smith, 2013; Eltayeb et al., 2011; Shi et al., 2012; Zhu et al., 2010; Testa & Iraldo, 2010;
Ninlawani et al., 2010; Chien & $h 2007; Zhu & Sarkis, 2007; King et al., 2005).

Still, these results for the drivers do not show any evidenStaige twovhen it comes to

the internal needtoesgonnovate in ordemntovasupmordteatdlee
claims of (Govindan eal., 2015; Tian et al., 2014; Dornfield et al., 2013; Zhu et al.,

2012; Rehman & Shrivastava, 2011; Testa & Iraldo, 2010; Vachon & Klassen, 2007; Zhu

& Sarkis, 2007; Hervani et al., 2005; Khalid et al., 2004). Siihge three(first part 1

focus groups)mitigates this shortcoming (with focus on Greece though) by aiming to
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explain that in certain cases this driver works (for more details see previous sebion
discussion for CRQ2 and CRQ?7).

Confirmed & highest rated barriers:

Lack of Commitment 3.99/5, Untrained Staff Low Tech 4.02/5, and Limited
Information - 4.03/5as internal + external employee related barriers in full coherence
with (Govindan et al., 2015 Zaabi et al., 2013; Drohomeretsk et al., 2014;
Balasubramanian, 2012; Diabat & Govinda011; Sarkis et al., 2010; Soler et al., 2010;
Vuro et al., 2009; del Brio et al., 2008; Yu & Hui, 2008; Walker & Preuss, 2008).

No Green Goals- 3.97/5 and Green KPI Insignificant 3.99/5 as internal
organizational/institutional barriers in full caleece with (Govindan et al., 2015; Ivanaj

et al., 2015; Zaabi et al., 2013; Diabat & Govindan, 2011; Vuro et al., 2009; Mont &
Leire, 2009; Hanna et al., 2000). These two barriers can also be seen as resistance to
change barriers in the view of (Govindanag, 2015; Ilvanaj et al., 2015; Zaabi et al.,
2013; Balasubramaniam, 2012; Diabat & Govindan, 2011; Vachon & Klassen, 2008;
Sharfman et al., 2007; Verghese & Lewis, 2007; Hick, 2000).

Too Big Investment4.00/5 and Hard to Devise Green Jekl.07/5asinternal financial
barriers also discussed by (Govindan et al., 2015; Drohomeretsk et al., 2014; Zaabi et al.,
2013; Diabat & Govindan, 2011; Connell, 2010; Alkhidir & Zailani, 2009; Walker et al.,
2008; Presley et al., 2007; van Hemel & Cramer, 2002).

Hard to Control 3PL 4PL- 4.04/5, Bureaucratic to Control Land Use4.06/5 and
Limited Intermodal Facilities 3.99/5 as lack of proper environmental regulations,
infrastructure and stakeholder communication means (Govindan et al., 2015;
Drohomeretsk et al.2014;Zaabi et al., 2013; Balasubramaniam, 2012; Diabat &
Govindan, 2011; Vuro et al., 2009; Andersen & Larsen, 2009; Walker et al., 2008; Lee,
2008).

In contrary with the following literaturépp management suppdyarriers have not been
rated as critical (Govindan et al., 2015; Zaabi et al., 2013; Hoejmose et al.,, 2012;

Bal asubramani an, 201 2; Di abat & Govindan,
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Roome, 2009; Sarkis, 2009; Ravi & Shanker, 2005). Similarly, uheetainty of
RGFT/RGSCM practice developméatrier as discussed by (lvanaj et al., 2015; Schotter

& Goodsite, 2013) has not been rated (in any stage) as critical.

Still, as discussed in the previous section for CRQsreation, cemodernization. goal

and KPI alignment of all quintuple helix mesosystem is the only-terrg solution to
solve the challenge of RGFT/RGSCM (lvanaj et al., 2015; Hsu et al., 2013; Hsu& H
2010; Ninlawani et al., 2010; Mont & Leire, 2009; Seuring & Muller, 2008; Walker et
al., 2008; Srivastava, 2007; Chien & Shih, 2007; Wright & Elcock, 2006; Tsoulfas &
Pappis, 2006; Yalabik et al., 2005; Evans & Johnson, 2005; Eveloy et al., 2005;
Handield et al., 2005; Widmer et al., 2005; WEEE, 2003).

OB2.5: Understand what resilience mechanisms do businesses implement and to what extent
these mechanisms include environmentally sustainable practic€B&h@: Understand how (to

what extent) business interact with the RGFT stakeholders.

Stage onedid not provide any substantial insight into this matter (most answers relating to
resource consumption efficien¢éystrengthening thus the argument of a clear lack of information
and knowledge on these tt&s), howeveStage two(N=311) provides the following primary
guantitative insights in terms of what RGFT/RGSCM mechanisms are being preferred: Reliance
on Soft Technology (4.10); Improvements Business Inefficiencies (4.17); Improvements
Environmental mefficiencies (3.05); Mechanisms To Raise Awareness (3.93); Employment
Specialized Staff (4.06); Relocation of Goods (3.98); Shorter Routes (4.08) and Risk
Management (4.03). These results are in full coherence with the work performed by Govindan et
al. (2015) which discuss the paradigms of lean, green and resilient supply chains in an effort to
fill the literature gaps towards overcoming isolated researches on these topics (Francis & White,
2016; Azevedo et al., 2013; Cabral et al., 2012; Carvalho €2CGi2; Carvalho et al., 2011;
Hong et al., 2009; Rosic et al., 2009; Anand & Kodali, 2008; Glickman et al., 2006, Kainuma &
Tawara, 2006). The authors (Govindan et al., 2015) position green and resilient supply chains

under the core drivers of improving gy chain performance (during resilience mechanisms)
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while reducing material waste and improving resource efficiency/consunipéiod this is what

Stage twdas confirmed.

Even moreStage three(first part T focus groups)confirms these findings and eises out the

need for integrating the quintuple helix mesosystem when applying these strategietheStill,
gualitative assessmenbf Stage three(second parti modelling & simulation) addresses the

core limitation at this stage which is also stressed out in the literature by a recent study of Francis
& White (2016) which demonstrates that a green and resilient supply chain requires strong
individual cultures of both environmental susébility and resilience (in order to ensure proper
integration)i which is also in line with Burnard & Bharma (2011). Furthermore, Gogelci &
Ponomarov (2013) establish how the increased capacity of an institution to foster eco
innovations influences thebdity to incorporate resilience which becomes a key argument
towards relating EMT and DIT in a closer manner towards explgi eceinnovation
(RGFT/RGSCN adoption within CAST based systems from institutions to mesosystem level
(with further insight fromINT and ST)i which is discussed more in the previous section during

the argumentation for each CRQ.

Finally, the discussion on mesosystem level interaction and interconnection is discussed in the

previous section (the debate on the research outcoméff4 and CRQ6).

OB3.1: Investigate how can the resilience mechanisms of businesses be supported/fostered faster
by other stakeholders from the ecosystem (relates to CRQ1, CRB3)2: Investigate to what

extent to businesses respond to ecosystem pesssurorder to implement RGFT practices
(relates to CRQ2) andOB3.4: Establish the importance of business partnerships

interconnectedness in terms of enabling fast RGFT (relates to CRQ4).

These outcomes are fully described in the previous sei@yin the discussions for CRQ1,
CRQ2, CRQ4 and CRQ7.

OB3.5: Use modelling tools (SCENAT) to show practical underpinnings of implementing

suitable RGFT (relates to CRQ5) afdB4: Develop several case studies to test the proposed
model with RGFT mesosystem séddolders (qualitative)
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Following the research gap towards the need for modelling & simulation under a multi
stakeholder approach in the field of RGFT/RGSCM highlighted by (Siddhartha & Sachan, 2016;
Horton et al., 2015; Aquaye et al., 2014; Chourdhargl.e2013; Genovese et al., 20B3uno

et al., 2012; Barbati et al., 201Rph et al., 2011; Lee et al., 201Rleisch & Tellkamp, 2003;

Min & Zhou, 2003, Stage three(second parti modelling & simulation) has adopted such an
approach towards modelling realistic scenarios of RGFT/RGSCM practice implementation at the
institutional and mesosystem level. The qualitatasgsessmen{N=3) interviews denote a
positive approach by institutions (industry in this ca ) towards relying on
when it comes to the decision making processes required to potentially adopt and implement
RGFT/RGSCM strategies.

5.40utcomes for the proposed theoretiéedmeworkof the thesis

The theoreticaframework of thethesis (TH) developed after the systematic literature review
revealed the following pillars that served as hypotheses in terms of how the privpossdork
operates. The outcomes after the three main primary research stages confirm in most of the cases
(with certain variations) these pillars as it will be shown below (the full discussion of the primary

& secondary research on this aspect can be found imsed.1 and 5.2 as these Pillars are
sustained by the CRQs and OBs):

Pillar 1: The RGFT microsystem is CAST based and must emphasise the following core
elements: adaptability, flexibility, capacity to foster resilience and well defined key controlled

processes at the (supply chain) microsystem level.

The results confirm the complexity of the RGFT/RGSCM microsystem under the quintuple helix
mesosystem governance supporting the adaptability and capacity to foster resilience based on
KPIs T howeveri the microsystem level KPIs should be homogeneous with the mesosystem
level KPIs.

Pillar 2: Having these elements with core fundamental infusions from the EMT, during a
disruption, the RGFT microsystem will eamovate and based on the well defined key
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controlled processes (with core support from flexibility, adaptaBibtygreen resilience strategy

will emerge.

The results partially confirm this pillar showing that the -ewwvation producers (in a
disruptive manner) are only few within the mesosysteththat most of the other stakeholders
are primarily adapting (transformative innovation) by steadily incorporating thimeoweations,

while also adjusting their KPIs.

Pillar 3: However, in the best case, this green resilience strategy will be impkamanthe
institutional (INT) or RGFT microsystem level without any direct impact measurement and
implementation oversight at the wider ecosystem level (quintuple helix mesosystem) which has

wider implications for the environment.

The current status of REF/RGSCM practice implementation in Greece confirms this pillar,
however, the results show that there is high willingness to leveragerema@tions at the
mesosystem levéhrough cecreation and goal artdP1 alignment.

Pillar 4. To this end, based otihe CAST and DIT, the propagation of the green resilience
strategy and the necessary quintuple helicraation processes should be devised in order to
leverage the impact of the green resilience strategy from microsystem, to mesosystem and finally

to theecosystem.

This pillar was confirmed (as a prospective future visionyith specific mentioning thathe
ecoinnovations will be base@n the smart specialization areas of the country/region. The
mesosystem leverage was confirmed, however there was no discussion (explicitly) about the
environmental ecosystem (just implicitly by having an environmentally sustainable and
socially conscias quintuple helix mesosystem which will impact positively indeed on the

environmental ecosystem).
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Pillar 5: Thus, the DIT propagates egmovations from institutions to ecosystem inducing thus
change at the ecosystem/stakeholder level (ST) whichatélt bn put more exogenous pressure

to institutions (INT) to induce further modernization (cycle).

This pillar was one of the core confirmations of this research (unilaterally at all stages)
confirming thus the relationships among all the theoretical foundations driving this sector with
their practical implementation. Basically, having the inner desir@xcel, institutions will
continue to ecennovate (mostly through steady transformatibr@nsuring thus the sustainable
change at the mesosytem level (as the remaining lagging institutions will have pressures to

adapt/transform).

Pillar 6: This way,green resilience propagation is not isolated in a remote microsystem location
of the environment and it will impact and induce modernization and transformation throughout

all social systems by relying on EMT, CAST and DIT.

This pillar was also confirmeds shown in the previous sections (5.1 and 5.2), however a
concerning element in this area resides in the existence of very isolated chains/networks (i.e.
institutions that do not take part in any stakeholder group or that are in very isolated
mesosystemsyvhich may not be subjected to the driving forcesthd leading mesosystem

pressures. Still, these case are expected to form a very small percentage of the entire mass.

Pillar 7: The meaning of green resilience in this case is the capacity of the R@FBystem
to recover in an environmentally sustainable (resource efficient and negative impact reduction)
manner after an environmentally induced disruption took place by properly propagating the

recovery throughout all social systems that are involved.

The primary researcbonfirmsthis definitioni sustaiing theprevious efforts in this emerging
field. Additionally, the primary research induces the need for a proper integration of EMT, DIT,
CAST, INT and ST in studying environmentally sustainableiezgie under true eoreation at

the quintuple helix mesosystem level.
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5.5Summary

To conclude the critical discussion part, it is of core importance to mention that the main
research outcomes arfrstly, the complexity of the RGFT/RGSCM microsystem under the
quintuple helix mesosystem governance supporting the adaptability and capacity to foster
resilience based on KPlIs is confirmietioweveri the microsystem level KPIs and goals should

be homogeneousith the mesosystem level KPIs and goals. Secondly, the results show that the
ecainnovation producers (in a disruptive manner) are only few within the mesosystem and that
most of the other stakeholders are primarily adapting (transformative innovaticsteduily

incorporating the ecmnovations, while also adjusting their KPIs.

Thirdly, the current status of RGFT/RGSCM practice implementation in Greece coftifiem
assumptions (of such limited implementation), however, the results show that there is high
willingness to leverage edanovations at the mesosystem level througitreation and goal &

KPI alignment (especially considering the drivers & barriers that have been confirmed). Even
more, ecannovations will be based on the smart specializatioasaoé the country/region. The
mesosystem leverage was confirmed, however there was no discussion (explicitly) about the
environmental ecosystem (just implicitly by having an environmentally sustainable and
socially conscious quintuple helix mesosystemicWwhwill impact positively indeed on the

environmental ecosystem).

Fourtly, by having the inner desire to excel, institutions will continue teireamvate (mostly
through steady transformatiohlensuring thus the sustainable change at the mesosytehfdsv

the remaining lagging institutions will have pressures to adapt/transform). However a concerning
element in this area resides in the existence of very isolated chains/networks (i.e. institutions that
do not take part in any stakeholder group or #ratin very isolated mesosystems) which may

not be subjected to the driving forces of leading mesosystem pressures. Still, these case are
expected to form a very small percentage of the entire mass. Lastly, the primary research induces
the need for a prap integration of EMT, DIT, CAST, INT and ST in studying environmentally

sustainable resilience under trueareation at the quintuple helix mesosystem level.
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Chapter 6Conclusion

6.1 Introduction
This thesisnvestigatedthe area of resilient green supply chain management (RGSCM) and its

subfield - resilient and green freight transportation (RGF@s core enablers of growth with
tremendously increasesbcietal, environmental normative and coergivessures that demand
innovative approaches facoinnovationsRGSCM and RGFT decision making and impact
measurement processes towards ensuring resource efficiency amdnmewntal footprint
mitigation at the stakeholder level rather than individually at the institutiona&l léy proper

and uniform adoption/implementation of RGSCM/RG#ring weatheinduced disruptionfn

SEB. This matters comes into the context bé tunpredictable nature of extreme weather
induced disruptions (heavy rain, blizzards, snow, icy roads,Heat weaves)vhich is posing
tremendous pressure on nowadays supply chains. Longer transports, increased fuel consumption,
hazardous wastes, unsatisfied clients, social unrest and risks, damage to the environment,
infrastructure and assets are only few of the pressuringmet of such disruptions. As social

and environmentalkconcernsare growing in importance through normative and coercive
pressures supply chain management (especially transportation) must fastly adapt to such
requirements when aiming to becemesilient tosuch disruptions towards enabling proper
RGFT/RGSCM.

This demand foleveragingRGSCM/RGFTfrom institutional level to stakeholder levislone of

the key gaps of the related literature. In order to counteract t@smain ideology of this
research casisted in developing a convergence among five main organizational theories (EMT,
DIT, CAST, INT, ST) utilized in individual areas of environmental sustainability and resilience
researchin order to demonstrate how these theories inform-ettoér under theore patronage

of the quintuple helix model (innovation, industry/, market, government, society and
environment) develaggg by Carayannis, Barth & Campb&D12)i andhow all-together enable

the required mechanisto support the implementation of RGSCMZRT at the quintuple helix
mesosystem leveSuch convergence has been achieved by proposhepeetical frameworkf
RGFT/RGSCM  econnovation flow and adoption at the institutional and
stakeholder/mesosystem &v
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Within the proposed theoreticaframework the environment is considered as the main
ecosystem layer which integrates within the quintuple helix mesosystem (which, accordingly
integrates the RGFT microsystem). The environment, through the EMT, imposes ecological
modernization (ideology,discourse, technological adjustment and strategic management)
throughout all its subsystems (thus throughout quintuple helix mesosystem and RGFT
microsystem). The environment generates environmental risks and vulnerabilities that cause
disruptions that imact directly the RGFT microsystem, which, in order to preserve itself,
leveragegtraditionally and problematically@conomic and business oriented goals, propagating
the disruption damages to the outer system (quintuple helix mesosystem) and finaky to th
environmental ecosystem by causing severe environmental damage. When an environmental
disruption takes placé at least one RGFT microsystem institution is affected. In order to
counteract this, the sewvgilar theoretical frameworkproposed by this rearch can be
employed in order t@analysehow mesosystas adopt RGFT/RGSCM innovations (rather than

focusing solely on economic outcomes).

In order to support this convergence and ttieoretical frameworlassumptions, a thresage
mixed-method approackhas been adopte&tage oneconsisted of six exploratory qualitative
interviews (SEE level) which covered basic exploratory inquiries in terms of what
RGFT/RGSCM practices do supply chain institutiomplemented what drivers and barriers

they encounter, what KPIs they use, intentions to implenmaw RGFT/RGSCM eco
innovations(all these governed by the EMT, CAST, DIT, ST and INThe items exploreth

Stage ondhave resulted from the systematic literature eeviStage twoadopted a quantitative

and qualitative approach through sestructured surveys (N=311) across SEE (Romania,
Bulgaria, Serbia, FYROM, Slovenia and Greece) and further explored and also confirmed the
elements utilized irStage one The levelof inquiry of Stage twowas institutional as well,
however certain questions (i.e. drivers/barriers) have mesosystem level implications. Finally,
Stage threeexplored and consolidateglen more the findings (however on Greece only) by
employing three focugroups at the quintuple helix mesosystem level in order to (besides
confirming the findings ofStage tw® understand how these already existing findings can be
leveraged at the stakeholder/mesosystem level and how can all the stakeholders contridute to th
implementation of RGFT/RGSCMIn addition, a quintuple helix framework for the
implementation of RGFT/RGSCM has been proposed and through the use of modelling and
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simulation, pre and poslisruption scenarios (based on the findings) have been developed f
three companies in Greece in order to assess how these companies perceive such RGFT/RGSCM

strategies and quintuple helix level mesosystem considerations.

The primary research outcomes towards the explorationcandolidationof the CRQs and

assumptionsire

The complexity of the RGFT/RGSCM microsystem under the quintuple helix
mesosystem governance supporting the adaptability and capacity to foster resilience
based on KPIsare confirmedi howeveri the microsystem level KPIs shoulde b
homogeneous with the mesosystem level KPIs.

The resultshowthat the ecannovation producers (in a disruptive manner) are only few
within the mesosystem and that most of the other stakeholders are primarily adapting
(transformative innovation) by stity incorporating the ectnovations, while also
adjusting their KPlIs.

The current status of RGFT/RGSCM practice implementation in Greece rooigr
assumptions (of such limited implementatiohpwever, the results show that there is
high willingnesso leverage ectnovations at the mesosystem level througitraation

and goal & KPI alignment.

Ecoinnovations will be basedn the smart specialization areas of the country/region.
The mesosystem leverage was confirmed, however there was no dis¢esgiaritly)

about the environmental ecosystem (just implicithyby having an environmentally
sustainable and socially conscious quintuple helix mesosystem which will impact
positively indeed on the environmental ecosystem).

Furthermore by having the mner desire to excel, institutions will continue to -eco
innovate (mostly through steady transformatibensuring thus the sustainable change at
the mesosytem level (as the remaining lagging institutions will have pressures to
adapt/transform).

However a concerning element in this area resides in the existence of very isolated
chains/networks (i.e. institutions that do not take part in any stakeholder group or that are

in very isolated mesosystems) which may not be subjected to the driving forces of

250



leadng mesosystem pressures. Still, these case are expected to form a very small
percentage of the entire mass.

Finally, the primary research induces the need for a proper integration of EMT, DIT,
CAST, INT and ST in studying environmentally sustainabkilience(RGFT/RGSCM)

under true cecreation at the quintuple helix mesosystem level.

Overall, this research provided a pioneering insight into converging EMT, DIT, CAST, INT and
ST towards explaining how RGFT/RGSCM can be implemented institutionatly aarthe
mesosystem level (in SEE with the main focus on Greece) under a quintuple helix approach
where the key message that has been revealed is that quintuple baleaton, goal an KPI
alignment of all stakeholders and capacity to transform-ifeasternize) of institutions are the

key enablers of fast egonovation (RGFT/RGSCM) diffusion and implementation.

6.2 Implications

This research has multilateral implications (within the context of SEE with specialization on

Greece) as shown below:
Implications for academia

ACADEMIA -01: This research proposed a new theoretical convergence in the field of
RGFT/RGSCM by binding the EMT, DIT, CAST, INT and ST into explaining the
behaviour of the mukstakeholder environment of quintuple helix mescayst when it
comes to diffusing/absorbing RGFT/RGSCM strategies derived from the inner
RGFT/RGSCM microsystems.

ACADEMIA -02: Besides answering the CRQs, the following research gaps have been
filled by extending the theory for the EMT, DIT, CAST, INT andl f&as the CRQs

focused on the convergence among all these theories):

EMT: How does the following consolidated EMT pillar apply to and explain
RGFT ? (Berger et al, 2001; Zhu et al., 2012): EMT as innovation or

technological adjustment (research, transfation) ?i also debated byFrancis
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& White, 2016; Choudhury et al., 2015; Akgun & Keskin, 2014; Gogelci &
Ponomarov, 2013; Demmer et al., 2011; Christopher & Hollweg, 2011; Pham et
al., 2008; Reinmoeller & Van Baardwijk, 2005; Hamel & Valikangas, 2003)

EMT: What transformations and ewreation are required to help stakeholders
overcome EMT implementation foRGFT (Horlings & Marsden, 2011;
Carayannis & Campbell, 2010) ?- also debated by (Kamalahmadi & Parast,
2016; Nooraie & Parast, 2016; Mariat, 2015; Rajesh & Ravi, 2015; Kim et al.,
2015; Durach et al., 2015; Barosso et al., 2015; Perera et al., 2015; Mensah et al.,
2015; Gilly et al., 2014; Kristianto et al., 2014; Scholten et al., 2014; Carvalho et
al.,, 2012; Lengniciall et al., 2011; Brnard & Bharma, 2011; Christopher &
Peck, 2004).

EMT: To what extent do stakeholders modernize & transform themselves (is
there a correlation between ecological modernization implementation and

institutional modernization) ? (York & Rosa, 2003)

EMT : What is the effect of EMT implementation on the entire ecosystem, rather
than on individual stakeholders ? (York & Rosa, 2003; Carayannis & Campbell,
201Q Carayannis, Barth & Campbell, 20)2

EMT: How does the DIT properly explains the adoption of EMT byRG
stakeholders ? (Zhu et al., 2012; Carayaniarth & Campbell, 201

DIT: How can ecannovation (either disruptive or transformative) scale

across the ecosystem levels/panarchy (Jacobsson & Brgek, 2008)?
DIT: How can transformative (ecannowation driven by the EMT (to solve

resilience crises) diffuse faster based on core controlled processes at the
institutional level (Moore & Westley, 2011)?
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DIT: How can disruptive (eco) innovation (to solve resilience crises) respond
better to the need of the entire ecosystem (Moore & Westley, 2011; Atwell et al.,
2008; Walker et al., 2006)?

CAST: How can the EMT infuse the ecological modernisation view andchow
the DIT explain the innovation outburst during crisis (disruption) resolution
(resilience) which provide a novel opportunity for sedaptation of a CAST
ecosystem (Folke et al., 2010)?

CAST: How can stochastic externalities (such as environmedisduption3
induced crises (disasters) be better/faster overcome (Holling , 2001; Zhu & Ruth,
2013) ?

CAST: How can the exogenous ecosystem influence and foster betteratmn
for the CASTbased SCM microsystem (Pathak et al., 2007; Folke et alQ)Z01

CAST:. What are the key RGFT/RGSCM decision making factor at the
institutional level and how do they match with the decision making factors at the
ecosystem level in order to ensure prosperity and stability within a CAST
framework under uncertaintyPathak et al., 2007; Ivanov et al., 2012; Chertow,
2009) ?

CAST: What systems modelling and simulation, mimegthods research and
behavioural experiments can be performed within a CAST ecosystem for resilient
supply chains (Pathak et al., 2007) ?

CAST: What are the effects of the interconnectedness of the actors and the
location of the disruption within a CAST ecosystem on the- self
adaptation(resilience) process as well as on the ecological innovation capacity
(Zhu & Ruth, 2013; Petit et al., 2010; Waggn& Bode, 2006) also debated by
(Kamalahmadi & Parast, 2016; de Siqueira et al., 2015; Choudhury et al., 2015;
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Kim et al., 2015; Cardoso et al., 2015; Brandomes et al., 2014; Wieland &
Walenburg, 2013; Mandal, 2012; Blackhurst et al.,, 2011; Petul.et2010;
Falasca et al., 2008; Craighead et al., 2007; Tang, 2006, Christopher, 2004).

INT: How both exogenous and endogenous pressures promote apgoadof
GSCM (RGFT) practiceiSarkis et al., 2011; Hall, 200D

INT: Which stakeholders are tlagivers of GSCM (RGFT) implementation within
an ecosystem (Sarkis et al., 2011; Rivera, 2004)

ST: How does the innovation diffusion theory explain the adoption of GSCM
practices at the ecosystem | evel based
(Sarks et al., 2011; Vachon, 2007) “also debated b{lvanaj et al., 2015; Hsu et

al., 2013; Hu & Hsu, 2010; Ninlawani et al., 2010; Mont & Leire, 2009; Seuring

& Muller, 2008; Walker et al., 2008; Srivastava, 2007; Chien & Shih, 2007,
Wright & Elcock, 2006;Tsoulfas & Pappis, 2006; Yalabik et al., 2005; Evans &
Johnson, 2005; Eveloy et al., 2005; Handfield et al., 2005; Widmer et al., 2005;
WEEE, 2003).

ST: How can the ST be implemented at an international/multicultural setting
(Sarkis et al., 201P)

ACADEMIA -03: This researcltanalyzedand exploredthe quintuple hiex concept of
Carayannis, Barth & Campbell(2012) with specific application within the
RGFT/RGSCM field by introducing a new approach towards researching RGFT/RGSCM
(ecosystenm mesosysteni microsystem) arguing that the environment is encapsulating

the entire quintuple helix mesosystem (and its inner RGFT/RGSCM microsystem).
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ACADEMIA -04: Filling the demand for mixed methods research in the field of
RGFT/RGSCM (qualitative interviews, quaative approaches, focus groups, modelling

& simulation) highly acclaimed by:

Responding to the research claiming for the need for mixed methods
research in GSCM/GFT (Faisal, 2016; Dubey et al., 2015; Chouwdhury &
Hossan, 2014; Molindzorin & LopezGameo , 2014; OO0 Rour ke
Golicic & Davis, 2012; Zhu et al.,, 2012; Seuring, 20Pkychogios and
Priporas, 2007; Mangan et al., 2004; Creswell, 2003; Christy and Wood,
1999; Goodman, 1999).

Responding to the research claiming for the need of mixed methods
research in relation to analysing resiliency performance in supply chains
with tangency to RGFT/RGSCM (Hohenstein et al., 2015; Qazi et al., 2015;
Kilubi et al., 2015; Tabrizi & Razmi, 201®ettit et al., 2013; Cadden et al.,
2013).

Responding to the research claiming for the need of quantitative based
modelling & decision support in GSCM/GFT (Heckmann et al., 2015; Qazi

et al., 2015; Tattichi et al.,, 2015; HueBarrientos et al., 2015;e8ring,
2013; Wu & Olson, 2008; Craighead et al., 2007; Srivastava et al., 2007; Chan
& Chan, 2006; Fleisch & Tellkamp, 2003; Lee et al.,, 2002; Sirheli,
2000).

Responding to the research claiming for the need of mixed methods when
analysing systems tht include environment, society and crossystem
innovation/practice diffusion T quintuple helix (Soosay & Hyland, 2015;
Smith & Rupp, 2015; Sounders et al., 2015; Power & Gruner, 2015; Deacon
et al., 2014; Storer et al., 2014; Soundararajan & Brown, ;201dda et al.,
2014).

Implications for industry

INDUSTRY -01: List of confirmed weather induced disruptions at the SEE level and
their business implications which can help industries to better plan resilience strategies

and to perform risk assessment ttoeir operations (with focus on road transportation).
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INDUSTRY -02: List of confirmed RGFT/RGSCM practices at the SEE level and their
business implications (including drivers & barriers) which can help industries to better
plan the implementation of sudtrategiesi as well as help them get informed and
skilled in these emerging trends/technologies.

INDUSTRY -03: Access to ajuintuple helix level frameworkor the implementation of
RGFT/RGSCM through SCENAT (in Greece) and the primary research findingh

will ensure a suitable implementation roadmap (economically, environmentally and
socially) under a quintuple helix mutual understanding. This also provides networking
opportunities with all the leading companies that already use SCENAT.

INDUSTRY -04: Through the quintuple helix focus groups, a bridge among a key sample
of quintuple helix mesosystem actors from Greece has been triggered which (if
maintained) can ensure a long term engine afreation among the stakeholders, leading

to a more fosténg environment for RGFT/RGSCM practice implementation and co
growth (as all stakeholders aim to develop a common vision, mutual understanding and

compatible KPIs).

Implications for policy

POLICY 1 0L Through the quintuple helix focus groups, policy e@kfrom Greece
gained aclearerunderstanding of the other actors (in terms of their needs, knowledge,
issue$ and can thus enable more supportive policiefoster the required careation

and KPIs integrationi while also solving the global requirements of mualtior
participation in the decision makings of sustainable developmbatresults of the focus
groups are also publicly available in order to influence policy change.

POLICY 1 02 Throudh the confirmed drivers and barriers for the RGFT/RGSCM
practice implementation, policy makers from Greece can properly guide/tailor the smart
specialization strategy axes towards fostering a better and targeted action plan towards its
implementation (ashe funding for the smart specialization is alreadyi d&ving a clear
direction will lead to more optimized spending).

POLICY 1 03 Through the necessary-ceeation at the quintuple helix mesosystem,

policy makes from Greece can ensure (if they enathles cocreation) a long term
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sustainable societal emvolution/cemodernization in a true inteliscuplinary and cross

sectoral manner which will help to achieve the policy targets (together with efficienc
spending andeturn on investmehtwhile achiewng an enhanced quality of life and
satisfaction from the citizens involved.

POLICY 7 04: Having this clear status of RGFT/RGSCM in Greece, policy makers can
enhance their capacity of R&D fund attraction to support their sustainable development
strategiesdctioni and launch new niche markets (reducing thus unemployment).

POLICY 1 05 By enabling RGFT/RGSCM visions, the government will face less
pressures from environmental/societal or ga

(also applicable in SBEarbon cap limits.

Implications for society

SOCIETY-01: Enhanced active participation and social voice inclusion in the decision
making process of the government andustry (considering that industiysupported by

the governmenti will engage more andnore with society towards solving the
RGFT/RGSCM challenges by ensuring that the strategies taken are in line with the
increasing social voice).

SOCIETY -02 Enhancement of the labour market from Greece with a new specialization
niche. Specifically, withproper quintuple helix ceoreation, Greece can become an
international leader in ICT driven e@anovation producer/initiator and that cowddrve
global marked, ensuring thus employment and education of the local society in a
sustainable manner.

SOCIETY-03: By taking a socially and environmentally approach towards
RGFT/RGSCM, society will benefit from a friendlier developmental context with
reduced risks and an enhanced quality of life.

Implications for the environment

ENVIRONMENT -01. By properly reying on RGFT/RGSCM, the first impact for the
environment resides in less resource consumption which will mitigate the damaged
caused by the extraction sector and will push global R&D towards developing more

efficient & eccfriendly solutions.
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ENVIRONMENT -02 Additionally, by relying on such strategies proposed in this
research, there will be less waste and hazardous materials generated during the resilience
process of supply chains, leading thus to a substantially reduced CO2 footprint (as also
shown throgh the modelling & simulation phases).

ENVIRONMENT -03: Through the active engagement of all quintuple helix
stakeholders into the future roadmap of RGFT/RGSCM, the awareness raising of
environmental aspects will be enhanced leading to a sustainable mecthah
acknowledging the importance of environmental sustainability.

6.3 Impact and dissemination

Up to date, the following practical impact of this PhD research has been monitorec (A@&)2

Journal Publications: One (1) paper preelected for publication in the Journal of
Cleaner Production (Impact factor 3.844)

o Solomon, A., Koh, S.C.L., Ketikidis, P.H. 2016. Towards a new Theoretical
Foundation Convergence as a Key Enabler of a Low Carbon Economy: Practical
evidence for Quintuple Helix CGreation Towards Solving the Challenge of Low
Carbon and Resilient Supply Chains. Journal of Cleaner Production.

New research funding Based on the findings of this research, the two sponsoring
institutions, the South East Eypean Research Centre (SEERC) and the University of
Sheffield have been successfully acquired (having the research student as principal
investigator) of two new EU funded projects (TrainERGEU/ERASMUS+ Training

for Energy Efficient Operationd Total value 360.000 EUR and REINVEST

EU/ EUROPEAI D on enhancing I ndi ads knowl ec
transportatiori 340 000 EUR). Additionally, the findings of the PhD have contributed

(and have also been enhanced) through the already ongoingt pr&jeESS (Promoting
environmentally sustainable SMEs). Finally, three other recently submitted funded

proposals based on the findings of this research are awaiting evaluation.
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Establishment of the Triple Helix Association Chapter of Greece (THAG)Triggered

by the multistakeholder c@reation requirement identified through this PhD research,
the sponsoring organization (SEERC) has established in 2013 a local branch of the global
Triple Helix Association. THAG has enabled the organization of tlbed groups and

has triggered triple helix eoreation (as well as recently quintuple helixareation)
among the main actors in Greece. Additionally, based on the quintuple he&ligatmn
required to solve the RGFT/RGSCM challenge in Greece, curydii G and SEERC

are working on establishing a local branch of the Advanced Resource Efficiency Centre
(AREC) initiated by the University of Sheffield (UK) with the purpose of bridging the

stakeholders of environmental sustainability and resource efficienc

Dissemination and sharing of best practices of the researchihis has been achieved in

two ways:

o Enhancement of the related teaching curriculum as well as the development of
industry based courseorks (following the mesosystemaeation through th
focus groupsat the University of Sheffield International Faculty, CITY College,
based on theevealedindings of this researc{bothat undergradate and masters
level).

o Constant dissemination at global (13) conferen¢esovided in Appendix E

6.4 Limitationsof the study

Regardless of the relevance of the emerged findings, the redeamowork that has been
proposed TFT) to derive these findings has certain limitations acknowledged by the literature.

Specifically, the following limitations prem at the following levels:

Overall research design:The ideology of mixed method research that sustains the

true validity of the findings implies parallel research experiments (integral) by using
different research methods (i.e. qualitative and quantitative) and then performing the
triangulation to consoldate the findings (Faisal, 2016; Dubey et al., 2015;
Chouwdhury & Hossan, 2014; Moliffszorin & LopezGa mer o, 2014, 06 F
2014; Golicic & Davis, 2012; Greene, 2008; Bergman, 2008; Bazeley et al., 2004).
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However, this research utilized mixetethods ma$y as an exploratory approati
consolidatingtheory. For exampleStage oneutilized a very small sample of
qualitative interviews to build/expand the theory revealed after the systematic
literature review (which was used to derive TH€eT), however theresults of these
interviews provided very limited insight that can be used to ensure the scientific

consolidatiorof theTFT.

Subsequently Stage twoadopted a quantitative and qualitative approach ¢semi
structured survey) towards confirming and extagdheTFT. Regardless of the fact

that this has been performed at a wider scale, the claims for triangulation with the first
stage cannot be fully sustained (since the first stage provided a very limited insight
into theTFT).

Furthermore Stage thredfirst part- focus groups) confirmed indeed the findings of
Stage two and Stage omed provided as well further exploration over this aspect,
however this has been done for Greece only (limiting thus the findings for the case of
Greece as opposed to theeyious two stages which covered the entire SEE area).
Still since the quantitative analysis showed very close means and small standard
deviations at the crogsountry analysis, the focus on Greec&tgae 3tage does not
create a big discrepancy. Adodmally, even thoughStage threeconfirmed the
previous two stages, the overall concerns over the composition of the focus groups
(i.e. heterogeneity of the stakeholders) can lead to a sceptical view on the validity and

reliability of the converged discussis/solutions.

As well, Stage three(second parti modelling & simulation) builds upon the
previously confirmed findings, however the results of the evaluation/feedback
provided by the three interviewegs/esin certain cases conflicting views over the
focus group findings that they have been subjected to (regardless of their positive

feedback over the modelling & simulation approach).
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Finally, regardless of the fact that the literature pushes towards the utilization of the
methods adopted by this research, there is no other research that utilizes exactly the
same combination of methods (in order to provide more validity for this réiséasc
method design). However, the testest approach adopted through all these stages

mitigates to some extent such limitations.

Sampling: Stage two(quantitative) has a webalanced sample across SEE in terms

of the targeted respondents, howev&tiaege oneand Stage thredfirst parti focus
groups) consist of expert based sample selection which triggers result bias concerns.
This aspect is even more critical f8tage thredfirst parti focus group) where
stakeholders such as policy makers, socemalfonmental actors, industries and
innovators have been engageds each individual stakeholder is deemed to have
directed the discussion in such a way that would accommodate their own

objectives/goal$ rather than the overall common goal.

Analysis. Qualitative analysis (inductive content analysis) which was utilized in
Stage onend Stage thredfirst parti focus groups) is always subjected to potential
transcription misinterpretations, data gaps as well as induction bias by the primary
researcherhowever this aspect has been mitigated as much as possible, following
scientific guidelines, by asking the interviewees and focus group participamts$o
check the transcript summaries before inductive content analysis took place.
Quantitative analysiss subjected to data coding misinterpretation Heckmann et al.,
2015; Qazi et al., 2015; Tattichi et al., 2015; Hu@&#arientos et al., 2015; Seuring,
2013; Wu & Olson, 2008; Craighead et al., 2007; Srivastava et al., 2007; Chan &
Chan, 2006; Fleisch & dilkamp, 2003; Lee et al., 2002; Simdhavi, 2000,
however, the main limitation of the quantitative part for this research resides in their
moderate to low significance according to the reliability & internal consistency
analysis results (ANOVA & CronbacdNpha). This low significance is considered (as

in previous case with the survey instrument that has been utilized) to be due to the
lack of proper information & knowledge of the respondents. This lack of information

and knowledge has been confirmed adl weough Stage oneand Stage thredfirst
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parti focus groups). Still, the findings &tage twdhave been indeetiangulatedby
Stage thre¢first parti focus groups), however the limitationsStage twashould be

addressed in any future study.

Conceptual framework assumptions When defining th& FT (as well as during the
testing phase), this research adopts a very high level approach aiming to integrated
EMT, DIT, CAST, ST and INT concepts in order to respond to the identified research
gap which chims multisectoral and mukstakeholder integration (Soosay & Hyland,
2015; Smith & Rupp, 2015; Sounders et al., 2015; Power & Gruner, 2015; Deacon et
al., 2014; Storer et al., 2014). Regardless of the positive outcome of the primary
research (which comfn the TFT), in order to validate this framework, a more in
depth analysis is required at a unitary level (for example testing the assumptions of
each of the five theories in integration with the others). Additionally, the conceptual
framework assumptiorare also biased on the limitations of the systematic literature

review which could include substantial omissions of relevant literature.

6.5 Recommendations apaoposedfurther research
Finally, based on related gap and on the advancements achieved through this research, the

following recommendations and further research are deemed to be relevant:

ACADEMIA 7 further research on the unanswered or newly discovered gaps:

EMT : How can thequintuple helix ecosystem for growth (including RGFT)
foster more fAstrongo EMT i mplementat:
2012; Horlings & Marsden, 2011; Carayannis & Campbell, 2010) ?

EMT: Does the EMT implementation lead to dematerialization or
supematerialization ? (York & Rosa, 2003) and how does this link with the

recent advancements in the field of LCA based circular economy (Govindan

et al., 2015; Genovese et al., 2015; Koh at al., 2015)?
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EMT+DIT : How can eceannovations in GSCM be diffused der from
innovators and early adopters to laggards (Zhu et al., 2012)?

EMT: How can ecdannovations be diffused within thenesosystemby
relying on the environmental flows ideology (Moland & Spaargaren, 2005) ?
CAST:. How can localized interactions (symbiosis) based on controlled
processes scalgp and cecreate to enable sedfdaptation of a CAST based
system at thenesosystentevel (Holling, 2001; Bansal and Mcknight, 2009;
Folke et al., 2010; Van den Berg et al.12p?

CAST: How can the concept of APanarchy
based on the three CAST pillars and explain howcreation within the
mesosystem takes pla¢e/alker et al., 2004; Van den Berg et al.,, 2011,
Chertow, 2009) ?

CAST: How do variaus crosdier supply chain microsystems interaction
among eactother within the wider ecosystem (lvanov, 2012; Pathak et al.,
2007) ?

CAST: Strengthen the claim that resilient GSCM (and implicitly RFGT) are
cycle based industriahicrosystemshased on CAST in the context on the
most recent trends in this document (Wong et al., 2016, Fallah et al., 2015,
Torabi et al. 2015, Cardoso et al., 2015) and how this can be integrated in the
context of the circular economy concept ?

Methodology: Replicate the methodology utilized by this research on other
(or similar) quintuple helix mesosystems in order to crkadglate the
findings and build up scientific value for this approach.

Methodology: Replicate the methodology utilized by this researchragler
granularity level in order to properly assess (via integrally performed mixed
methods) the validity and influence of each of the five theories (EMT, DIT,
CAST, DIT, INT, ST) when it comes to explaining RGFT/RGSCM within
quintuple helix mesosystems.

Methodology: Develop and validate methodologies to support multi
stakeholder analysis (i.e. igtuple helix) in the field of BSCMRGFT

towards extending the existing theory to more socially/mesosystem aware
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considerations that could have immediate trawadfility to the mesosystem

stakeholders.

INDUSTRY i recommendations and next steps

Get accustomed with the smart specializationareas of their operating
region/country in order to properly understand the areas where governmental
support will be offerd.

Get accustomed with the concepts of RGFT/RGSCMin terms of practices,
drivers, barriers, policies & regulations) and provide adequate training for their
staff. Society is steadily pushing for a betteclusion of the environmental
sustainability faair and thus, industry will face an even greater pressure (besides
their inner desire to reduce costs and stay competitive). Additionally, as supply
chains leverage to the global level, Greek industries need to be aware of their
global markets, where the mends for such environmental sustainability
practices are even higher.

Be more open towards the ca@reation with universities/innovation centers and
society in order to develop mutually beneficial pathways (under true
governmental compliance). It is oftéme fact that society is the final customer of
industries, thus, an early engagement of society into such practices will lead to a
greater and nre satisfied pool of clients

Appoint an environmental manager that will be in charge to provide such
strategies for each company, ensuring thus a constant up toedstevith the
global practices. Where the possibility of such a position is not available,
environmental sustainability (through RGFT/RGSCM) can begmated in the
guality assurance mechanisms of the industry.

Become more technologyriendly : adopt decision support tool, LCA tools (i.e.
SCENAT) and forecasting mechanisms (i.e. weather prediction tools) to be able to
plan in realtime RGFT/RGSCM stratégs in order to achieve the intended

efficiency.
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POLICY T recommendations

Enable an open dialogamong all the quintuple helix involved stakeholders to
support better focusing & targeting of the RGFT/RGSCM related policies and
investments (i.e. infrastructure, open training centres, support for technology
transfer offices, careation platforms forrowdsourcing and masifialogue$. A
specific focus should be set on the barriers identified through this research.
Enable enhanced access pointior competitive funding in terms of R&D
projects for RGFT/RGSCM based on quintuple helix consortia that wiabdess

any national/EU level funding to support these endeavours.

Develop partnershipswith similar peers worldwide in order to keep the local
sustainable development connected to the latest global trends and to support
transnational exchanges of experience & knowledge.

Support a systemic skill interventionand development strategy in theld of
RGFT/RGSCM in order to ensure a sustainable skill provision mechanism that
will enable the advancing society to cope with the challenges & trends in this
field.

SOCIETY & ENVIRONMENTAL ORGANIZATIONS i recommendations

Get more involved in inclige events promoted by local organizations (policy
makers) in terms of widening the voice of civil society for sustainable
development activities.

Get informed about the development in the field of RGFT/RGSCM and
crowdsource ideas/suggestions for improgatrduring any careation initiative
provided by industry.

Adopt a constructive approach towards the sustainable development movement by

equally balancing the requirements of all quintuple helix stakeholders.
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6.6 Summary

Overall, this research providgdas main outcome) insight into converging the five theories
(EMT, DIT, CAST, INT and ST}owards explaining how RGFT/RGSC{{br weather induced
disruptions)can be implemented institutionally and at the mesosystem level (in SEE with the
main focus on Greece) under a quintuple helix approadtere the key message that has been
revealed is that quintuple helix -coeation, goal an KPI alignment of all staketers and
capacity to transform (eemodernize) of institutions are the key enablers of fastimoovation
(RGFT/RGSCM) diffusion and implementatiomhe detailed findings of this researinree

staged mixed methods: qualitativésix interviews) quantitéive (311 semistructured
guestionnaires)and modelling and simulatiorithree focus groups and three modelling
scenariog)have core implications for academia, industry, policy society and for the environment
(as presented in the previous subsectionsg cbre limitations of this thesis which should be
addressed in future studies consist in the high level approach in terms of converging the five
theories as well as in the manner in which the triangulation is being performed (the three stages
are not perfaned integrally and then triangulatédbeing rather integrated as means of one stage
informing another). Neverthelessthe proposed framework could serve as a step forward
towards the integration of the quintuple helix modéh EMT, DIT, CAST, INT and  in

relation to RGFT /RGSCNmplementation
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Appendix A, Research DesigBtage one Interviews

Dear participant,

This interview is part of my PhD project which aitospropose a quintuple helixmplementation
framework for resilient and green freight transportation in South East Europe.

With 23% of global carbedioxide emissions originating from the transportation industry, it is
imperative that significant emphasis and effort be squarely putantrolling its environmental impact.
Moving freight creates traffic congestion, air pollution, noise and consumes fuel. Furthermore, risk
vulnerabilities and disruptions especially in the road freight are becoming more and more frequent and
they negatiely impact on the environment.

One of the key disruption sources in the road freight infrastructure consists of severe environmental
phenomena (heavy winds, rainfalls, snow, icy roads, flood3wbgh are increasing in frequency and
strength in South &t Europe. Howevemvercoming such threats in an uncertain and vulnerable
environment is not always possible. To this end, enterprises have recognized the importance of supply
chain resilience (the ability of a system to return in the initial state @ better one after a disruption

took place) which has become a central theme in logistics (80% of the companies are interested in
resilience). Despite this, companies should take into account the environmental impact of the specific
chosen resilience sttegy in order to become environmentally friendly.

In this context, this interview will cover the following specific items:

1. Overview on your company.

2. What bad weather conditions did your road freight transportation vehicles have encountered
and what probéms has your company encountered.

3. What resilience strategies did your company employ and whether there was any consideration
about environmental impact during those strategies ?

4. What key performance indicators are being monitored for measuring your basmeccess ?

5. What are the general green practices and technologies that your company employs ?

6. What are your readiness and intentions to be environmentally sustainable and to utilize
technology for achieving green and resilient road freight transportationng disruptions.

7. How do you interact with the social stakeholders (i.e, government, soc@tyironmental
organizations, innovators

The interview will be recorded on an audio device as well as written notes will be taken. There are no
‘“righwfomg’ answers, your participation is volunt
without prior notice at any given time. All the responses and the data you provide will be kept
confidential and anonymous, and will be analyzed solely for sizdispurposes in the context of this
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project to develop scientific articles and technical reports. The total completion time of this interview
will be no longer than 35 minutes.

For any issues or queries related to the project please contact aecdbmon@seerc.org

1. To proceed with the interview please read carefully the following sentences and tick the
relevant boxes as appropriate (then sign below, where indicated)

"I confirm that | have read and undtand the terms and condition for participation ir
interview.

" | understand that my participation is voluntary and that | am free to withdraw at an
without giving reason and with no foreseeable consequences.

| understand that the interviewillvbe undertaken by the principal investigator (Ad
Solomon)
r

| agree that the interview will be recorded on an audio device and that notes will k
during the interview.

L agree that my data gathered in this study may be stored (aftethiédasnonymised) ir
secure storage facility and will be destroyed five years after the study ends.

L acknowledge that this interview has been approved by the appropriate departments

Questions to be asked
Question O¢ Overall profile of the company
Question 1- Discussion on the bad weather conditions encountered

Question 2¢ What was the resulted problem of that weather condition in terms of time, cost,
environmental impact, fuel consumption and other wastes.
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Question 3¢ What did you do to recover (what strategies)?

Question 4¢ When recovering from the disnption, did you consider any environmental issues and
how to mitigate them. If yes, what and how ? If not, is it because there is no such policy in your
company ? Or because you are unaware of such concerns ?

Question 5¢ Did you use any technology to a@ssyou with decision making while devising the
recovery strategy ? Who uses this technology and how ?

Question 6¢ What KPIs do you use to monitor your business goals ? Which business goals are the
most important for your company ? Are there any greendiness goals ?

Question 7¢ What green practices does your company implement ? (a list of practices will be
provided). Would you consider implementing green practices when dealing with the resilience process
? What drivers and barriers do you foresee ?

Question 8¢ Are you aware of any technological solutions that will assist you in achieving green and

resilient freight transportation ? What type of technological solution would you require in this context
?

Question 9 ¢ How do you interact with otherindustries, government,innovators, society,
environmental organization®

306



Appendix B¢ Research DesigrBtage two¢ Semistructured
survey

Dear participant,

This interview is part of my PhD project which aims to propose a quintuple helix implementation
framework for resilient and green freight transportation in South East Europe.

With 23% of global carbon-dioxide emissions originating from the transportation industry, it is
imperative that significant emphasis and effort be squarely put in controlling its environmental
impact. Moving freight creates traffic congestion, air pollution, noise and consumes fuel.
Furthermore, risk vulnerabilities and disruptions especially in the road freight are becoming
more and more frequent and they negatively impact on the environment.

One of the key disruption sources in the road freight infrastructure consists of severe
environmental phenomena (heavy winds, rainfalls, snow, icy roads, floods, fog) which are
increasing in frequency and strength in South East Europe. However, overcoming such threats
in an uncertain and vulnerable environment is not always possible. To this end, enterprises
have recognized the importance of supply chain resilience (the ability of a system to return in
the initial state or in a better one after a disruption took place) which has become a central
theme in logistics (80% of the companies are interested in resilience). Despite this, companies
should take into account the environmental impact of the specific chosen resilience strategy in
order to become environmentally friendly.

In this context, this survey will cover the following specific items:

1.  Overview on your company.

2. What bad weather conditions did your road freight transportation vehicles have
encountered and what problems has your company encountered.

3. What resilience strategies did your company employ and whether there was any
consideration about environmental impact during those strategies ?

4. What key performance indicators are being monitored for measuring your business
success ?

5. What are the general green practices and technologies that your company employs ?

6. What are your readiness and intentions to be environmentally sustainable and to utilize
technology for achieving green and resilient road freight transportation during

disruptions.



Please read each of the following items carefully and mark the answer (by ticking or circling)

what best represents your beliefsand experi ences. There are no

participation is voluntary and you are free to withdraw from the study without prior notice at any
given time, all the responses and the data you provide will be kept confidential and anonymous,
and will be analyzed solely for statistical purposes in the context of this project to develop
scientific articles and technical reports. The total completion time of this survey will be no longer
than 25-30 minutes.

Even though some questions seem to be similar, please provide an answer to all of them.

For any issues or queries related to the project please contact us at asolomon@seerc.org

To proceed with survey completion please read carefully the following sentences and tick the
relevant boxes as appropriate.

T confirm that | have read and understood the terms and condition for participation in the
study.

I | understand that my participation is voluntary and that | am free to withdraw at any time,
without giving reason and with no foreseeable consequences.

r

I | agree that my data gathered in this study may be stored (after it has been anonymised) in
a secure storage facility and will be destroyed five years after the study ends.

| agree to take part in the above study and related training sessions.

SECTION A. Background information

1. In which country is your business based?
© a) Romania
b) Serbia
c) FYROM
d) Bulgaria
e) Greece
f) Slovenia

g) Kosovo

2. Which business sector best describes your company?

a) Freight transportation
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b) General logistics
c) 3PL/4PL

d) Production/Manufacturing with integrated transportation

e) Retail/commerce with integrated transportation

f) Other (please specify)

3. How many employees does your company have?

~

a) Under 25

b) 26 to 50

c) 51 to 250

d) More than 251

What is your companyéo6s
a) Under £1,000,000
b) £ 1,000,000 to £ 5,000,000
c) £ 5,000,001- to £ 10,000,000
d) £ 10,000,001- to £ 20,000,000
e) More than £ 20,000,000

5. What is your gender?

{

~

a) Male

b) Female

6. What is your age group?

a) 18 to 25 years
b) 26 to 35 years
c) 36 to 49 years
d) 50 to 64 years

e) 65 years or over

annual

7. What is the highest level of qualification you have gained?

-

a) Vocational qualification

b) Bachelor's degree (e.g., BA/BSc/BEng)
c) Masterbs degree
d) PhD

turnover ?
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C d) Other (please specify)

8. What is your current position in the company?
e a) Owner or co-founder/owner
b) Senior manager

c) Middle manager

d) Environmental manager

9. Did your company adopt any type of technology in the last five years ?

( a) Yes

b) No

I

10. Are you the nominated person responsible for environmental issues in your
company?

( a) Yes
© b)No

SECTION B. WEATHER CONDITIONS THAT CAUSE DISRUPTIONS

10. To what extent do the following weather conditions cause disruptions in your
transportation system ?
1 = No disruption at all, 2 = Disruptions with limited negative impact, 3 = Neutral, 4 = Disruptions

with negative impact, 5 = Disruptions with critical negative impact

1 2 3 4 5

Heat waves

Cold waves

Heavy rains

Snowfall

Icy roads

Strong winds
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Floods

Thunder storms

Blizzards

Fog

Other natural disasters that cause road blocks and/or road
degradations that might impact on your transportation

Please mention in the fields below:

SECTION C. OUTCOMES OF WEATHER DISRUPTIONS

11. What outcomes/losses has your company encountered as an outcome of a weather

induced disruption in your transportation system ?

1 = Strongly disagree, 2 = Disagree, 3 = Undecided, 4 = Agree, 5 = Strongly agree

1

2

3

4

5

In what weather conditions

have you encountered

this

loss/outcome ? (the weather
conditions can be seen in the

previous question).

Loss of revenues/profits

Delays in deliveries

Missed deliveries

Inventory inconsistencies

Overall coordination issues

Damage of goods

Longer distances to travel in
order to avoid the disruption

Decrease of vehicle speeds

Damage to the transportation
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vehicles

Client complaints

Staff complaints

Extra cost that needed to be paid
to the drivers

Increased fuel consumption

Increased lubricant/oil
consumption

Increased overall truck
degradation

Increased CO2 emissions

Congestion

Safety issues related to the
involved staff

Damage to the transportation
infrastructure

12. If technologies for overcoming and/or mitigating these disasters were available and at

low cost, would you use them ?

1 = Definitely not, 2 = Not necessarily, 3 = Neutral, 4 = Maybe, 5 = Definitely yes

1 2 3 4

5

SECTION D. KEY PERFORMANCE INDICATORS

13. What are the most important Economic and Operational key performance indicators

in measuring your successes ?

1 = Not at all important, 2 = not important, 3 = not thinking about it, 4 = important, 5 = extremely

important

Cost per TKM

Focal firm net profit
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Total transportation time

On-time deliveries

Service frequency

Transportation speed

Reliability of the transport

Loading/Unloading time

Distance to be covered

Truck loading efficiency/storage

Access to modal shift

Efficiency of the resilience mechanism during disruptions

Efficiency of the resilience mechanism for avoiding
disruptions

Number of trips required to ship a product

Interaction time with a different truck or additional
transportation mean when it comes to freight joining and/or
spreading.

Number of stops required

Total fuel consumption

Customer satisfaction

Safety of the transportation

Corridor availability and capacity

14. What are the most important Environmental key performance indicators in measuring

your successes?

1 = Not at all important, 2 = not important, 3 = not thinking about it, 4 = important, 5 = extremely

important

Total energy used

Total CO2 emissions per TKM

Engine standards
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Driver behaviour in terms of driving efficiency

Overall land waste resulted from transportation

Mileage in kilometres (or, alternatively, fuel use in litres; or,

alternatively, vehicle movements)

Total amount of environmental penalties and fines

SECTION E. CURRENT USE OF GREEN PRACTICES

15. To what extent does your company implement (or considers implementing) each of

the following initiatives ?

1 = Not considering it, 2 = Planning to consider it, 3 = Considering it currently, 4 = Initiating

implementation, 5 = Implementing successfully

N/A

Environmental Management System (e.g., 1ISO14001)

Total quality environmental management

Subscription to ISO14001 certification

Energy/environmental audits

Designs of products for reduced consumption of
material/energy

Designs of products for reuse, recycle, recovery of
material, component parts

Changes of processes to reduce air and/or odor
pollution

Changes of processes to reduce water and/or solid
waste

Changes of processes to reduce consumption of
hazardous/toxic/harmful materials

Changes of processes to improve energy efficiency

Redesign supply chain/logistics components for
greater environmental efficiency

Provides environmental training and education for
employees
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Senior management commitment to implementing
environmental measures

Mid-level management support for the implementation
of environmental measures

Provides design specifications to suppliers that include
environmental requirements

Cooperates with suppliers to achieve environmental
objectives

Provides suppliers with written environmental
requirements

Asks suppliers to commit to waste and/or energy
reduction goals

Requires that suppliers have implemented an
environmental management system

Conducts environmental evaluation of suppliers

16. If technologies for overcoming and/or mitigating these disasters were available and at

low cost, that would also take into account environmental issues, would you use them ?

1 = Definitely not, 2 = Not necessarily, 3 = Neutral, 4 = Maybe, 5 = Definitely yes

1 2 3 4 5

17. Our major buyers/ customer sé

1 = Strongly disagree, 2 = Disagree, 3 = Undecided, 4 = Agree, 5 = Strongly agree

Incorporate environmental considerations in selecting their

supplies and suppliers

Request us to have an environmental management system

(e.g. 1ISO 14001)

Have interest in greening the supply chain
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Provide us with environmental training, education, or
technical assistance

Request information to assure our environmental
compliance

Provide us with detailed, written environmental
requirements (e.g., product specification)

SECTION F. DRIVERS AND BARRIERS TO THE ADOPTION OF GREEN PRACTICES IN

TRANSPORTATION

18. How important are the following drivers for the implementation of environmental

measures and improvements in your company?

1 = Not at all important, 2 = not important, 3 = not thinking about it, 4 = important, 5 = extremely

important

a) My company will gain money on the long term

b) My company will reduce waste, consume less resources

and thus become more efficient

¢) My company will have an added value towards my
clients as compared to my competitors by having better

products and processes

d) My company care about the environment and society
overall and | intend to help reducing the pollution and get

public acceptance

e) My company believes that clients appreciate more our

green certifications

f) My company believes that | will pay lower taxes by

complying to the regulations

g) My company believes this is the next trend in logistics
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h) My company believes that the existing technology and

the support for it makes it easy for me to implement GFT

i) My company believes that the governmental support for

green companies is significantly higher.

i) My company believes that it is a very important need for
recovering in a green manner after a disruption takes

place.

19. How i mportant are the following barriers in i
environmental improvements?
1 = Not at all important, 2 = not important, 3 = not thinking about it, 4 = important, 5 = extremely

important

a) My company suffers from lack of commitment

b) The goals of my company do not include becoming green

c¢) The cost of initial investment is too high and the return on
investment too lengthy, while governmentally supported

access to funds is limited.

d) The decision making variables in my company will

completely over-represent the green decision factor.

e) Itis very hard to control the diversity of external carriers
(3PL, 4PL) when devising a general strategy for green

transportation.

f) The technology adoption rate in terms of GFT practices is
very limited due to the untrained staff and their acceptance

issues.

g) It will be very hard for my company to devise a proper

staff compensation/training scheme or to introduce a new
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job related to green issues.

h) There is limited access to information related to GFT

implementation as well as limited governmental support.

i) The transportation area is very wide and cross-border,
land use and additional tensions in practice adjustment may

appear as well as extra costs to mitigate these risks.

j) There are limited facilities for intermodal transportation,

aspect which is critical for implementing proper GFT.

SECTION G. RESILIENCE MECHANISMS AND STRATEGIES

20. How important are the following resilience mechanisms for your company (consider

these strategies in the moment when a disruption takes place in your transportation

system as well as after)?

1 = Not at all important, 2 = not important, 3 = not thinking about it, 4 = important, 5 = extremely

important

Reliance on soft technology such as decision support
systems and additional software in order to reach a new
supply chain reconfiguration mechanism during disruptions

Reliance on hard technology such (hardware) in order to
reach a better and more efficient new supply chain
reconfiguration mechanism

Interventions at the energy consumption and emission
levels in order to mitigate the environmental impact while
reconfiguring the system

Alteration of existing processes in order to achieve
improved outcomes

Improvement of future distribution mechanisms in order to
avoid already encountered business inefficiencies

Improvement of future distribution mechanisms in order to
avoid already encountered environmental inefficiencies

Mechanisms to raise awareness about the importance of
environmental sustainability within the company
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Employment of specialized staff for achieving resilience in a
green manner

Relocation of goods

Better supply chain design and/or partnerships to enable
shorter transportation routes

Better supply chain design and/or partnerships to enable
modal shift

Implementation of risk management strategies

Implementation of real time weather forecasting solutions to
help your company better plan the transportation routs and
avoid disruptions

A knowledge management mechanism that will help my
company store and update all the knowledge gained
through disruptions and that will automatically consolidate
after each new disruption encountered.

21. How much do you agree or disagree with the following statements related to the
mechanisms and technologies mentioned in guestion No. 20. ?

1 = Strongly disagree, 2 = Disagree, 3 = Undecided, 4 = Agree, 5 = Strongly agree

a) Using those mechanisms and technologies would make

my company gain money on the long term

b) Using those mechanisms and technologies would make
my company reduce waste, consume less resources and

thus become more efficient

¢) Using those mechanisms and technologies would make
my company have an added value towards my clients as
compared to my competitors by having better products and

processes

d) Using those mechanisms and technologies would make

my company care more about the environment
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SECTION H. PERCEPTIONS

22. How much do you agree or disagree with the following statements?

1 = Strongly disagree, 2 = Disagree, 3 = Undecided, 4 = Agree, 5 = Strongly agree

1

2

3

Implementing green freight transportation initiatives will
not be difficult

Implementing resilience mechanisms for freight
transportation will not be difficult

Implementing resilience mechanisms together with green
initiatives for freight transportation will not be difficult

Resilient and green freight transportation initiatives will be
inlinewitht he companyds corporat
goals

Resilient and green freight transportation initiatives will be
in lIline with the companyds

It would be easy to implement resilient and green freight
transportation initiatives in my company

Our company is aware of Resilient and green freight
transportation initiatives

Our company is willing to participate in resilient and green
freight transportation initiatives

Our company has managers who have interest in resilient
and green freight transportation initiatives

Our company expects environmental and economic
benefits from resilient and green freight transportation
initiatives

Our company would support the implementation and
utilizations of resilient and green freight transportation
technologies

Our company would become more competitive in the
international market by implementing resilient and green
freight transportation initiatives

Our company would become competitive in the local
market by implementing resilient and green freight
transportation initiatives
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23. If technologies for overcoming and/or mitigating these disasters were available and at

low cost, would you use them ?

1 = Definitely not, 2 = Not necessarily, 3 = Neutral, 4 = Maybe, 5 = Definitely yes

1 2

3

4

5

24. Would you like to stay informed ?

-
-

I would like to receive the aggregated results of this survey

I would like to participate in any related future event
Please input your email if you checked one of the above boxes:

THANK YOU VERY MUCH FOR COMPLETING THIS SURVEY !
IN CASE OF FURTHER QUESTIONS PLEASE CONTACT Mr Adrian Solomon i

osolomonl@sheffield.ac.uk
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Appendix & Research DesigBtage three Focus groups

Dear participant,

This focus group is part of my PhD project which aims to propose a quintuple helix
implementation framework for resilient and green freight transportation in South East Europe.

With 23% of global carbon-dioxide emissions originating from the transportation industry, it is
imperative that significant emphasis and effort be squarely put in controlling its environmental
impact. Moving freight creates traffic congestion, air pollution, noise and consumes fuel.
Furthermore, risk vulnerabilities and disruptions especially in the road freight are becoming
more and more frequent and they negatively impact on the environment.

One of the key disruption sources in the road freight infrastructure consists of severe
environmental phenomena (heavy winds, rainfalls, snow, icy roads, floods, fog) which are
increasing in frequency and strength in South East Europe. However, overcoming such threats
in an uncertain and vulnerable environment is not always possible. To this end, enterprises
have recognized the importance of supply chain resilience (the ability of a system to return in
the initial state or in a better one after a disruption took place) which has become a central
theme in logistics (80% of the companies are interested in resilience). Despite this, companies
should take into account the environmental impact of the specific chosen resilience strategy in
order to become environmentally friendly.

Even more, research and practice has shown a high demand for quintuple helix co-creation
where institutions (government, innovators, industry, society and environmental organizations)
should be bridged into a smoothly governed integration & coordination towards becoming the
key influencers of eco-innovation adoption across societies. Shortly, it is deemed that a resilient
and green freight transportation against weather-induced disruptions can be achieved only
through a working quintuple helix mesosystem (social system). However, in the current stage,
there is limited evidence of such a concept in Greece.

In this context, this focus group (round-table discussion) will cover the following specific items:

1.  Overview on your institution and its roles in regional (sustainable) development.

2. Multilateral confirmation and exploration of the current regional & national findings
[attached].

3. How can RGFT/RGSCM be implemented at the quintuple helix mesosystem level ?

4. What are the main drivers and barriers from the point of view of each stakeholder
towards the proper implementation of RGFT/RGSCM ?

5. What would drive you towards co-creation with the other quintuple helix stakeholders ?

6. Who do you think should lead the co-creation ?

7. How would you agree with each of the CRQs [attached] ?



For any issues or queries related to the project please contact us at asolomon@seerc.org

To proceed with survey completion please read carefully the following sentences and tick the
relevant boxes as appropriate.

I | confirm that | have read and understood the terms and condition for participation in the
study.

I I understand that my participation is voluntary and that | am free to withdraw at any time,
without giving reason and with no foreseeable consequences.
r

T agree that my data gathered in this study may be stored (after it has been anonymised) in
a secure storage facility and will be destroyed five years after the study ends.

| agree to take part in the above study and related training sessions.
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Appendix I Research DesigB8tage three; Modelling

The following diagrams showshe core(high level) aspects that have been used in order to
model the supply chain of the companies before, during and after weatheeddisruptions
(by applying oe of the confirmed strategied)he following examples are related to one of the

company thahas been modelled:

OPERATION VOLTAGE 220-240V AC/50-60Hz
MAXIMUM POWER CONSUMPTION 2.7W/3VA
BATTERIES (Ni-Cd) 3.6V/0.6Ah
INDICATIONS- CONTROLS Battery charge indication LEDs. TEST button
CHARGING TIME 24 h
MINIMUM AUTONOMUS DURATION 15h
ILLUMINATION SOURCE 12 white LED’s
ILLUMINATION (230V AC/emergency) 35lm / 851m
DEGREES OF COVER PROTECTION IP 20
EN 60598-1
EN 60598-2-22
. . EN 55015
PRODUCED IN ACCORDANCE WITH EN 61547
EN 61000-3-2
EN 61000-3
OPERATION TEMPERATURE RANGE 5to 40 °C
RELATIVE HUMIDITY Up to 95%
CONSTRUCTION MATERIALS Bayblend FR3010. transparent polycarbonate
EXTERNAL DIMENSIONS 240 x 90 x 44 mm
TYPICAL WEIGHT 345gr.
GUARANTEE 3 years (1 year for the battery)
Short Description Full Description Quantity Comment

Set of wall plugs and | C1022 MOUNTING PLAG AND SCREW 4*40 SET

SCIEWS OF 2 1
CON F15112004G1UCBNB00 2.54mm
Connector 022547620404 BL21/762/04Z 1
Jumper Jumper WEITRONIC 165-201 1
Battery A-926 Ni-Cd BATTERY 3,6V600mAh 1
Cardboard box CARTON GR-8 LED/220914 PRINTED 1%20 0,05
Box Box GR-8LEDS 595-223/041214 (4 colours) 1
Paper A3 TECHNICAL INSTRUCTIONS 025
Label 1 LABELS 16%8 4
Label 2 STICKER OF PAPER 90#65 0,1
PLASTIC PART 534 PLASTIC COVER FOR GR-8/leds 1
PLASTIC PART 535 REFLECTOR 1
PLASTIC PART 536 Plastic Case 1
Sticker Sticker 174x74mm for GR-8/leds 3
PCB- LEDs PCB+SMD GR-8/led _leds / 2501159 X 1 BOM of PCB- LEDs***
PCB- Main PCB FOR GR-8/led_main / 3107149 X 1 BOM of PCB- Main**




BOM of PCB- Main**

Short
]?l . Full Description Quantity | Comment
Description -
Capasitor CAPACTTOR 470uF/16V 5x TAPE RoHS 1
Choc block XY300V-A-02P 300-021-1600 MVE152-5-V
Choc block AK100/2DS-5 MSG02001 1
Test Button TEST BUTTON TC-205 ( TSAC1) 1
MALE HEADER 2 54mm 1%40 HEIGHT 11,54mm HNS 1%40
Male Header 02254000761140 3
Connector 1 Connector PND 2%2 4xn 144-16-04-10 1
Connector LHA-02-TS 022546410-02A NS25-W2P Male 2p Vertical
Connector 2 2204-1021 (A) 1
BOM of PCB-
PCB Main Main
(PCB+SMD) PCB+SMD GR-8/led _main / 3007149 X 1 (PCB+SMD)*
Trasformer 1 TRANSFORMER 9651A027 230V/6V 1 5VA  (44085) 1
Main PCB = production of 8 units
Phases Twvpe of | Power of | Completion time | Energy
machine machines consumption
1% FlexLink S00W lsec 0.139Wh
2= SI-P950 2KW 30sec 16.7Wh
3™ SI-G200 AA 1KW Tdsec 20.6Wh
4™ SI-G200 BB 1KW Glsec 16.9Wh
S® HOTFLOW 48KW 360sec 4800Wh
2/12
MNumber of
Time(sec)/part employvees
From the Warehouse (Raw materials and | ;4 -
plastic compomnents) to the Production -
SMMT Machines 33 !
Production - - : <40 1
Injection Machines
stages 50 >
conventional raw materials
190 5
Assembly
From the Production to the Warehouse | ;, -
(Final products) -

Number of units per batch = 500
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Bridee Rectifier

ShD» 2 540 0.8A BFRIDGE RECTIFIEE SMD (TAPE) (551.405) RoHS 1

Integrated ciremit 1 LM3Z4DFE2G OF AMP ONSEMI. . IM324DT ST FREEL FRoHS 1

LM431ACKME (MSC-TEXAS), TL431ACDT (STM) 508 FRoHS

Integrated cirenit 2 (REEL} 1

FUSE 1 SMT FUSE 34 SF-12065300-2 1206 (0468003 NR LITTLEFUSE) 1

PCB GR- (raw
8Leds_MATIN PCB GR-8Leds MATIN/3007149 RoHS HAL 1 material)

The BOM of the LED=s PCB of GE-8/leds is presented on the following table:

BOM of PCB- LEDs*>~

Short Description Full Description Quantity | Comment
RESISTOR SMD 12 1% 1206 (RCIZ0EFR-131RL YAGEO)
Resistor SMD 1 =100FFM _ ROHS 12
GREEN LEDs LED SMD WU-2-200SGC-UR GREEN 2
1ED SMD WHITE 67-21S/EE2C-H575/B5L12534Z20T/EUAW)
WHITE LEDs EVERLIGHT min 2400med 120° COOL WHITE PLCC2 12
(rawr
PCB GR-8 LEDS PCE GR-3_LEDSR501159 RoHS HAL 1 material)
Plastic Part 534 = production of 2 units
Phaszes Type of | Power of | Completion time | Energy
Machine machine consumption
One phase HTF200X 30.95EW Jfsec 309.5Wh
309.5Wh
Pssgune =————= 154, 75Wh
Plastic Part 533 = production of 2 units
Phases Type of | Power of | Completion time | Energy
Machine machine consmption
One phase HTF360X 56.63KW 33zec 350.76Wh
550,.76Wh
Poscine =————— = 275,38Wh
Plastic Part 536 = production of 2 units
Phases Type of | Power of | Completion time | Energy
Machine machine consumption
One phase HTF1530X 22.35EW 38zec 236Wh
236Wh
Possunis =——5— = L18Wh

Thystic = Pozsunie + Poasunie T Pozsunee = $30.13Wh
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Appendix E Conference publicatior& dissemination

2016

1 Solomon, A., Ketikidis, P. H., & Koh, S. C. L. (2016). Towards a new Theoretical
Foundation Convergence as a Key Enabler of a Low Carbon Economy: Practical evidence
for Quintuple Helix CeCreation Towards Solving the Challenge of Low Carbon and
Resilient $ipply Chains. In3rd International Conference on Green Supply Chain,1320
July. London, UK.

1 Solomon, A., Koh, S.C.L., Ketikidis, P.H. 2016. Towards a new Theoretical Foundation
Convergence as a Key Enabler of a Low Carbon Economy: Practical evidence for Quintuple
Helix Co-Creation Towards Solving the Challenge of Low Carbon and Resilient Supply
Chains.Journal of Cleaner Production

1 Solomon, A, Ketikidis, P. 2016. Empirical evidence for Quintuple HelixCZeation
Towards Solving the Challenge of Low Carbon and Resilient Supply Chains under
Innovative Theoretical frameworkConvergence. InXIV International Triple Helix
Conference 2018527 September, Heidelberg, Germany.

i1 Siavalas, F., Bota, E., Solomon, A., Ketikidis, P. 2016. Quintuple Helixr€ation as a
Pillar for Responsible (Environmentally and Socially) Entrepreneursh@' Internaional
Conference for Entrepreneurship, Innovation and Regional Developrdi4 June,
Bucharest, Romania.

1 Ketikidis, P., Solomon, A., Hajrizi, B. 2016. Focusing on the Triple Helix: a strategy for
ensuring continuity and growth in crisis struck coustrien University T Industry
Interaction Conferencgel-3 June, Amsterdam, Netherlands.

2015

1 Solomon, A., Choudhary, A., & Ketikidis, P. H. 2015. Drivers and Barriers to Green Freight
Transportation: Industry Evidence from UK and India2@ih International Symposium in
Logistics Bologna, Italy.

1 Solomon, A., Koh, S. C. L., & Ketikidis, P. H. 2015. Drivers and Barriers to the
Implementation of Green and Resilient Freight Transportation in South East Eurd@th In
South East European Doctoraiuflent Conferencé hessaloniki, Greece.

2014

1 A. Solomon, P. Ketikidis, A. Choudhary, and A. BareBed f i nger . 2014, iDr
Barriers to Green Freight Transportation: I
Panhellenic Logistics Conference,-18 November, Thessaloniki, Greece.

1 Lazuras, L., Ketikidis, P. H., & Solomon, A. 2014. Adoption of Smart Logistics: From
Testbeds to Successful Implementation. 18th Panhellenic Logistics Conference
Thessaloniki, Grece.

T A. Sol omon, P. Keti ki di s and A. Choudhar
Transportation Through an | CT Model ling an
Conference on Green Supply Chain (GSC14)223une, Arras, France.



1 P. Ketikidis, T. Tanevarad A. Sol omon, 2014, ABoosting th
Metropolitan Ar ea of Thessal oni ki Through
Conference for Entrepreneurship, Innovation and Regional Development (ICEIRBE&4), 5
June, Nicosia, Cyprus.

2013

T A. Sol omon, A Choudhary. 201 3. ifNext gene|l
NEX-GIFT Project Workshop. New Delhi, Indid &ugust.

2012

T A. Sol omon, P. Keti ki di s and A Choudhary,

System for Supply ChaiRi sk Management o, 2012, Publ i shed
Annual Conference of the European Decision Sciences Institute, Istanbul, Turkey
(submitted). (I received bursary for participation to this conference from the Conference
Chair)

1 A. Solomon, P.Keti ki di s and A. Choudhary, AEffect
Utilization for Efficient Supply Chain Ri ¢
Proceedings of the 5th Balkan Conference on Informatics, Novi Sad, Serbia.
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Appendix E Data analysis tables

Table29: Stage two crosscountry weather induced disruptions

Country

Country

FYROM

GR

RO

SLO

SRB

BG

FYROM

GR

RO

SLO

SRB

Heat

Waves

131
1.2

1.18
1.48
1.28
1.21

Strong
Winds

3

2.45
2.61
3.05
2.59
3.03

Cold
Waves
1.37
1.55
1.25
1.54
1.18
1.39
Floods

2.12

2.1
2.1
1.96
2.06

Heavy

Rains

3.59
3.4

3.16
3.37
3.62
3.57

Thunder

Storms

2.42
2.12
1.34
2.12
2.13
2.34

Snowfall Icy

4.3
3.55
3.36
4.4
3.96
4.36

Roads
4.38
3.55
3.69
4.29
4.21
4.36

Blizzards Fog

4.02
3.78
2.55
4.32
3.02
3.88

4.02
3.78
2.55
4.32
3.02
3.88

Table30: Stage two business outcomes per weather induced disruptions

Heavy Rains
Snowfall

Icy Roads

Delays in Overall

delivery

62%
87%
85%

coordination

issues
70%
2%
70%

Client

complains

50%
55%
52%

Loss

52%
87%
83%

of

revenue

Increased

fuel

consumption

45%
76%
74%

Extra cost

43%
66%
67%

Decrease of

speed

55%
88%
85%
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Blizzards 65% 72%

Fog 70% 75%
Increased Inventory
CO2 inconsistencies
emission

Heavy Rains 55% 68%

Snowfall 52% 70%

Icy Roads 50% 73%

Blizzards 55% 71%

Fog 62% 72%

Table31: Stage two most problematic disruptions & their outcomes

Delays in delivery

Overall coordination issues
Client complaints

Loss ofrevenue

Increased fuel consumption
Extra cost

Increased CO2 emissions
Inventory inconsistencies
Congestion

Longer distances

Missed deliveries

Staff complains

Table32: Stage two crosscountry homogeneity of KPIs

Economic and Operational KPIs | Coun BG

Cost per TKM

Focal Firm Profit

Total Time

On Time Deliveries

Service Frequency

Transportation Speed

Reliability of Transport

Load Unload Time

Distance to Cover

50% 59% 42% 40% 55%
52% 58% 67% 49% 79%
Congestion  Longer Missed Staff
distance  deliveries complains
82% 45% 58% 35%
89% 76% 60% 45%
88% 74% 75% 31%
82% 42% 61% 30%
88% 67% 62% 32%
Snow fall Fog Icy Roads
X (87%)
X (75%)
X (55%)
X (87%)
X (76%)
X (67%)
X (62%)
X (73%)
X (89%)
X (76%)
X (75%)
X (45%)
FYROM GR RO SLO SRB
3.843373 3.95 3.981818 4.147727 3.78125 3.969697
3.963855 3.9 4.018182 3.965909 4.0625 @ 4.090909
3.987952 3.6 4.109091 4.090909 3.90625 3.939394
3.084337 3.5 2.945455 2.829545 3.28125 3
3.012048 2.75 3.163636 3.136364 2.71875 3.545455
3.168675 2.55 3.072727 2.75 2.625 3.454545
3.048193 3.45 2.890909 2.897727 3.1875 3.272727
2.891566 3.1 2.836364 2.704545 2.875 2.969697
2.759036 3.4 2.854545 3.238636 2.875 3.606061
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Truck Load Efficiency

Access to Modal Shift

Efficiency During Disruptions
Efficiency Before Disruptions

Trips Required for Shipment

Iteration Time

Number of Stops Required

Total FuelConsumption

Customer Satisfaction

Safety of Transportation

Corridor Availability and Capacity

2.891566
2.698795
3.012048
3.180723
2.795181
2.975904
3.228916
4.072289
3.975904
2.939759
3.204819

3.4
2.8
2.8
3.1
2.65
3.2
3.1
3.75
4.15
3.55
3.05

Table33: Stage two KPIs per sector and size

Economic and Overall
Operational Score
KPls

Cost per TKM 3.97
Focal Firm Profit 3.99

Total Time 4.00
On Time 3.03
Deliveries
Service 3.08
Frequency

Reliability of 3.04
Transport

Distance to 3.05
Cover

Efficiency 3.15
During

Disruptions
Efficiency 3.08
Before

Disruptions

Trips Required 3.01
for Shipment

Total Fuel 4.00

Consumption

<iM

4.17

3.49

4.10

3.13

2.87

2.98

3.06

3.05

3.10

3.21

4.10

1M-
5M

3.99

3.19

3.89

3.44

3.78

3.54

3.25

3.05

3.55

3.12

4.10

5M-
10M

3.55

4.53

4.23

2.77

2.88

2.78

2.78

3.78

2.67

2.78

3.88

>10M  Freight

3.96

3.89

4.01

3.55

3.23

3.14

3.05

3.25

3.18

3.45

3.89

4.07

3.19

4.12

3.12

2.81

2.78

3.26

3.15

3.12

3.22

4.11

2.872727
3.018182
3.145455
3.072727
3.181818
2.781818
3.109091
4.090909
4.272727
2.672727
3.236364

Logistics

3.19
3.12
3.39
3.14
3.71
3.52

3.11

3.22

3.51

3.29

4.02

2.852273 3.15625
2.920455 3.0625
3.227273 3.40625
2.909091 3.15625
3.068182 3.34375
2.806818 2.5
2.761364 2.5625
3.965909 4.09375
4.136364 4.03125
3.159091 2.78125
3.068182 2.84375

3PL/
4PL

3.50

4.51

4.03

2.11

2.33

2.99

2.76

3.77

2.57

2.28

3.68

3.121212
2.939394
3.242424
3.242424
3.030303
3.030303
3.121212
3.818182
3.939394
3.424242
3.060606

Manufacturing Retail

3.92

3.89

3.78

3.45

3.22

3.24

3.15

3.20

3.17

3.55

3.79

3.90

3.79

3.77

3.40

3.02

3.14

3.11

3.12

3.15

3.01

3.91
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Customer 4.09
Satisfaction
Safety of 3.03
Transportation
Corridor 3.11
Availability and

Capacity

422 399 3.82

2.83 3.24 312

3.01 3.78 3.05

405 421 3.10
3.01 281 3.01
3.00 @ 2.98 3.81

Table34: Stage two environmental KPIs per country

Total Energy Used
Total CO2 Per TKM
Engine Standards
Driver Efficiency
Land Waste

Mileage

Environmental Penalties 4.06

Country
BG FYROM GR
3.97 4.05 4.03
2.63 3.05 2.96
292 3.15 2.96
2.81 275 3.09
210 1.90 2.05
3.39 355 2.96
3.90 4.01

RO

4.01
3.14
2.92
2.97
2.10
3.14
4.03

Table35: Stage two environmental KPIs psector and size

Environmental  Overall
KPlIs Score
Total Energy 3.95
Used

Mileage 3.18
Environmental = 4.01

Penalties

<1M 1M-

5M

5M-
10M

3.90 4.15 3.75

3.05 3.28 3.17

3.85 412 4.02

>10M Freight Logistics
3.70 4.25 4.15
3.45 3.98 3.68
4.12 3.78 3.92

3.81

3.11

3.25

SLO
3.84
2.87
2.81
3.25
2.06
2.62
3.87

3PL/
4PL

4.05

3.67
3.98

4.15

3.15

3.02

SRB
3.66
2.84
2.42
2.87
1.90
3.39
4.03

Manufacturing

3.54

2.48
4.34

4.51

2.99

3.45

Retail

3.87

2.78
4.39
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Table36: Stage two relevant KPIs for critical disruptions

WEATHER INDUCED
DISRUPTIONS

KEY

PERFORMANCE
INDICATORS

Cost per TKM

Focal Firm Profit

Total Time

On Time Deliveries

Service Frequency
Reliability of Transport
Distance to Cover

Efficiency During Disruptions
Efficiency Before Disruptions
Trips Required for Shipment
Total Fuel Consumption
CustomeiSatisfaction

Safety of Transportation

Corridor Availability and Capacity

Total Energy Used
Mileage

Environmental Penalties

KEY
PERFORMANCE
INDICATORS

WEATHER
CONDITION FOR THE

3.97
3.99
4.00
3.03
3.08
3.04
3.05
3.15
3.08
3.01
4.00
4.09
3.03
3.11
3.95
3.18
4.01

Delays in delivery

<451

X X

X X X X X

X X X X X

X X X X X X

Snow fall (87%)

Fog (75%)

Coordinationssues

4.19
4.06
X X4.05

X X X X X X X X X X

Client complaints

X

X X X X X X X X X X X X X X

>
X X X X X X X X X X X X X

X X X X X X

Snow fall (55%)
Snow fall (87%)
Snow fall (76%)
Snow fall (67%)

Fog (62%)

Loss of revenue

Fuel consumption

<4.03

Extra cost

X X X X X X X X X X X X X X X X X303

X X X X X X X X X X X X

CO2 emissions

3.60
3.53
3.46

Inventory issues

Icy roads (73%) X X X X X X X X X X X X X X X

Snowfall (89%)
Snow fall (76%)

Congestion

X X

X X X X X X X X X X X X X
X X X X X X X X X X X X X

Longer distances

X X X338

X

Missed deliveries
Staff complains

3.21
3.02

X X X X X X
X X X X X X X

X

X X X X X X

Icy roads (75%)
Snow fall (45%)
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DISRUPTION

Table37: Stage two crosscountry implementation of green practices

EMS

TQEM
1ISO14001
Energy Audits
Products Reducet
Consumption

Products Reduced Waste
Process Reduced Odor
Process Reduced Waste
Process Reduced Hazards
Process Improved Efficiency
Redesign Supply Chain
Environmental Training
Senior Managemen
Commitment

Middle Management

Commitment

Environmental Reques
Suppliers
Environmental Collaboratior
Suppliers
Written Requirements
Suppliers

Supplier Commitment Wast
Reduction

Suppliers  Must Implemen
EMS
Environmental Evaluation:

Suppliers

BG

2.01
2.00
1.95
1.98
3.07

2.06
1.97
1.93
3.09
3.01
3.18
2.04
1.95

1.97

1.97

1.92

2.02

2.00

2.16

2.12

FYR
OoM

1.70
1.85
2.35
2.10
3.05

1.90
1.85
1.70
2.90
3.10
3.10
2.10
1.90

1.85

2.35

2.05

1.90

2.10

1.90

1.95

GR

1.92
2.03
2.01
1.96
3.03

2.14
1.80
1.96
2.89
3.05
3.05
2.12
2.14

2.12

1.98

2.05

1.92

1.78

2.01

2.03

RO

1.97
2.11
1.98
1.87
3.02

2.02
1.87
1.96
3.09
2.87
2.82
2.05
2.01

1.94

1.96

1.97

1.94

1.98

2.02

2.06

SLO

1.96
2.00
1.87
1.87
3.06

1.96
2.00
1.78
3.03
3.00
3.40
2.00
2.09

181

1.93

1.96

1.87

2.34

1.84

2.15

SRB Frei-
ght
2.09 1.97
2.03 2.01
209 1.97
2.06 2.03
3.00 3.04
1.81 2.05
1.93 1.92
212 1.92
2.84 3.10
2.84 3.00
3.06 3.03
2.03  2.00
1.93 2.03
1.93 1.92
212 1.98
2.06 2.01
1.93 1.94
1.72 1.94
215 211
1.87 2.07

Logi-
stics
2.00
1.88
2.26
1.95
3.04

2.15
2.00
211
3.04
2.93
3.13
2.08
1.97

1.88

1.91

1.93

2.02

1.93

2.00

2.24

3PL-
4PL

2.08
2.14
2.08
1.94
2.97

2.00
1.79
2.00
2.88
2.94
3.14
2.17
2.20

2.20

1.94

1.79

1.97

2.08

2.02

1.97

Manufa-
cturing
1.83
191
1.91
1.97
3.10

1.97
1.86
1.78
2.86
2.78
2.94
2.08
1.75

1.86

2.18

2.07

1.97

1.97

2.00

1.91

Re-
tail

1.96
2.19
1.87
1.75
3.03

1.85
1.87
1.89
2.92
3.05
3.10
2.10
2.03

2.05

2.07

2.07

1.89

1.98

1.96

2.01
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Table38: Stage two crosscountry drivers

DRIVERS Country
BG FYROM GR
Avg. Avg. Avg.
Clients Appreciate Green Certifications 413 4.20 3.96
Lower Taxes 405  3.90 3.98
Next Trend Logistics 3.96 4.40 4.11
Technology Enables GFT 3.98 4.05 4.20
Governmental Support Is Higher 3.87 3.65 3.95
Believe Important GreeResilience 3.96 | 3.80 3.96
Table39: Stage two crosssector drivers
DRIVERS Sector
Freight Logistics 3PL/4PL
Avg. Avg. Avg.
Clients Appreciate Green Certificatior 4.20 4.16 4.03
Lower Taxes 4.01 411 3.94
Next Trend Logistics 4.05 4.27 3.88
Technology Enables GFT 4.01 3.84 4.26
Governmental Support Is Higher 3.93 3.93 3.74
Believe Important Green Resilience  3.94 3.98 3.76
Table40: Stage two crosscountry barriers
BARRIERS Country
BG FYROM GR
Avg. Avg. Avg.
Lack of Commitment 406 4.25 3.98
No Green Goals 3.88 3.85 3.93
TooBig Investment 4.02 3.75 3.89
Green KPI Insignificant 401 4.20 3.89
Hard to Control 3PL 4PL 411 4.20 4.22
Untrained Staff Low Technology Adoption 4.05 3.70 4.11
Hard to Devise Green Job 4.04 4.00 4.22

RO

Avg.
4.18
4.13
4.05
4.01
3.99
3.94

Manufacturing

Avg.
4.11
4.08
4.03
4.19
3.92
3.95

RO

Avg.

3.90
4.07
4.00
4.01
3.84
3.92
4.16

SLO
Avg.
4.06
4.00
4.06
4.03
3.97
3.97

SLO

Avg.

3.91
3.97
4.03
3.91
4.00
4.13
3.88

SRB
Avg.
4.00
3.85
4.15
4.09
3.91
3.88

Retail
Avg.
3.86
4.00
4.11
4.07
3.98
4.00

SRB
Avg.
4.00
4.06
4.21
4.03
4.00
4.15
3.94
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Limited Information
Bureaucratic to Control Land Use

Limited Intermodal

Table41l: Stage two crosssectorbarriers

BARRIERS

Lack of Commitment

No Green Goals

Too Big Investment

Green KPI Insignificant

Hard to Control 3PL 4PL

Untrained Staff Low Technology Adoptior
Hard to Devise Green Job

Limited Information

Bureaucratic taControl Land Use

Limited Intermodal

Table42: Stage two crosscountry resilience strategies

RESILIENCE MECHANISM / STRATEGY Country

Reliance Soft Technology
Reliance Hard Technology
Interventions Energy Consumption

Alteration Process

Improvements Business Inefficiencies

Improvements Environmental Inefficiencie:

Mechanisms To Raise Awareness
Employment Specialized Staff

Relocation Goods

405 3.95 4.07
3.99 4.20 4.07
3.96 3.85 4.13
Sector
Freight Logistics 3PL/4PL
Avg. Avg. Avg.
4.03 3.78 4.09
3.96 3.80 4.12
3.99 4.24 3.82
4.01 3.87 4.06
3.98 4.09 3.94
4.07 3.89 3.94
4.19 3.96 4.12
4.05 4.13 3.74
4.04 413 4.00
3.96 3.96 4.21
BG FYROM GR
Count Count Count
4.08 3.65 3.96
247 | 2.55 2.58
246 2.20 2.60
253 250 2.60
4.06 4.25 4.24
419 3.90 3.91
410 4.00 3.82
4.08 3.90 3.96
3.95 4.00 3.93

3.99
4.15
4.00

3.97
3.84

4.00

4.15
4.15
3.88

Manufacturing Retail

Avg.
3.89
4.08
3.84
4.00
4.05
3.97
3.97
4.16
4.00
3.92

RO

Count
4.08

2.22
2.41
2.24
4.19
3.80
3.89
4.03
4.03

SLO

Count
4.03

2.19
2.50
2.56
4.19
3.97
3.91
4.28
3.84

Avg.

4.07
3.95
4.02
4.02
4.18
4.09
3.93
4.00
4.16
4.02

SRB

Count
3.91

2.64
2.21
2.55
4.18
3.88
3.79
4.09
4.12
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Shorter Routes
Modal Shift

Risk Management
Real Time Weather

KM Mechanism

4.17
1.99
4.10
2.08
2.01

4.05
1.90
4.00
2.00
2.00

Table43: Stage two crosssector resilience strategies

RESILIENCE MECHANISM / STRATEGY SECTOR

Reliance Soft Technology

Reliance Hard Technology
Interventions Energy Consumption
Alteration Process

Improvements Business Inefficiencies
ImprovementsEnvironmental Inefficiencies
Mechanisms To Raise Awareness
Employment Specialized Staff
Relocation Goods

Shorter Routes

Modal Shift

Risk Management

Real Time Weather

KM Mechanism

Table44: Stage two resilience strategies against drivers & barriers

DRIVERS

Freight

Count
3.93

2.36
2.46
2.46
4.24
3.98
3.99
4.01
3.99
4.17
1.99
4.04
2.02
1.88

Logistics
Count
4.13

2.56
2.04
2.31
4.13
411
3.98
4.18
3.96
4.13
2.02
4.02
1.98
1.78

BARRIERS

4.15
2.07
3.98
1.93
1.85

3PL/4PL

Count
4.00

2.44
2.29
2.50
4.00
3.79
3.94
4.03
4.06
3.94
1.97
3.88
2.06
1.85

3.97
1.86
3.93
1.92
1.86

4.22
1.97
4.06
2.09
1.53

3.97
1.94
4.18
1.94
2.03

Manufacturing = Retail

Count
4.03

2.38
2.54
2.00
3.95
3.92
3.70
4.27
3.95
3.95
1.84
3.95
1.92
1.84

Count
4.09

2.44
2.67
2.86
4.26
3.89
3.89
3.95
3.95
4.02
1.88
414
1.93
2.09
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KEY

PERFORMANCE
INDICATORS
Cost per 3.97
TKM

Focal Firm 3.99
Profit

Total Time = 4.00
On Time 3.03
Deliveries
Service 3.08
Frequency
Reliability 3.04
of Transport
Distance to 3.05
Cover

Efficiency 3.15
During
Disruptions
Efficiency 3.08
Before
Disruptions

Trips 3.01
Required for
Shipment

Total Fuel 4.00
Consumptio

n

Customer 4.09
Satisfaction
Safety of 3.03
Transportati

on

Corridor 3.11
Availability

and Capacity
Total Energy 3.95
Used

Mileage 3.18

Environment 4.01

4.01

241

2.43

2.46

<417

x

3.05

3.93

4.06

3.98

<4.08

x

1.95

4.03

1.99

1.89
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al Penalties

Table46: Stage two crosscountry behavioural elements

BEHAVIOURAL ELEMENT Country
BG FYROM GR RO SLO SRB
Avg. Avg. Avg. Avg. Avg. Avg.
PU Return on Investment 4.08 3.65 3.96 4.18 4.03 3.91
PU Competitive Advantage 4.06 3.25 412 4.02 4.22 4.08
PU Reduced Waste 3.96 4.02 3.98 3.99 3.84 4.12
PU Environmental Care 3.92 4.03 3.96 3.90 4.04 4.10
PEU Implementation of green freight 2.58 2.00 2.23 2.40 2.46 2.40
transportation practices
PEU Implementation of resilient freight 2.50 2.20 2.43 2.70 2.16 2.20
transportation practices
PEU Implementation of green and resilient 2.62 2.10 2.33 2.78 2.32 2.29
freight transportation practices
PI If practices/technologies for overcoming 3.50 3.90 3.96 3.58 3.48 3.42

and/or mitigating these disasters were

available and at low cost, would you use them

?

Pl If practices/technologies for overcoming 3.05 2.88 3.10 2.90 2.98 3.12
and/or mitigating these disasters were

available and at low cost, that would also take

into account environmental issues, would you

use them ?

Pl If practices/technologies for overcoming @ 4.06 4.05 4.02 3.85 4.02 3.97
and/or mitigating these disasters, while

improving business efficiency, were available

and at low cost, would you use them ?

Table47: Stage two crosssector behavioural elements

BEHAVIOURAL ELEMENT SECTOR
Freight Logistics 3PL/4PL Manufacturing Retail

Avg. Avg. Avg. Avg. Avg.
PU Return on Investment 4.02 3.72 3.90 4.10 4.33
PU Competitive Advantage 3.98 3.44 4.15 4.25 4.23
PU Reduced Waste 3.95 4.07 3.90 3.92 4.20
PU Environmental Care 3.90 4.01 3.99 4.02 4.01
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PEU Implementation of green freight
transportation practices

PEU Implementation of resilient freight
transportation practices

PEU Implementation of green and resilient
freight transportation practices

Pl If practices/technologies for overcoming
and/or mitigating these disasters were
available and at low cost, would you use them
?

Pl If practices/technologies for overcoming
and/or mitigating these disasters were
available and at low cost, that would also take
into account environmental issues, would you
use them ?

Pl If practices/technologies for overcoming
and/or mitigating these disasters, while
improving business efficiency, were available

and at low cost, would you use them ?

2.55

241

2.11

3.51

3.02

4.05

2.10

2.25

2.30

3.77

2.78

4.02

2.33

2.49

2.52

4.02

3.22

4.08

231

2.55

2.79

3.61

2.97

3.90

2.42

2.21

2.40

3.55

3.01

4.02
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