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INTRODUZIONE

Negli ultimi decenni sono aumentati considerevoltaeemlisastri e le catastrofi sia naturali sia
derivanti dalluomo, con una conseguente cresciéh rimero delle relative operazioni
umanitarie.

In questa situazione, € diventato enorme l'impieljorisorse nella catena di fornitura
umanitaria, in cui, secondo la letteratura, ladtiga copre fino all'ottanta per cento del totale
sforzo.

Inoltre, e stata posta maggiore attenzione allefopaance logistiche delle diverse
organizzazioni coinvolte nelle operazioni umandare grande cura nei confronti
dell'efficienza e della sostenibilitd degli aiutifficienza e sostenibilita sono due
caratteristiche fortemente legate tra loro, inipalare per quanto riguarda I'impatto sociale a
lungo termine dei disastri e le successive openazlorisposta ai bisogni delle popolazioni
colpite.

E stato importante quindi riuscire a definire, mordare e migliorare lefficienza delle
funzioni logistiche, oltre a introdurre nuovi temniper raggiungere una sostenibilita che si
riferisca a tutti gli ambiti dell'operazione.

Su tale fronte, questo elaborato introduce innevatodelli teorici per I'analisi delle
performance dei sistemi logistici e sostiene, a#rso un appropriato studio della letteratura,
nuovi modelli che introducono e sviluppano la soiidita e I'impatto sociale delle pratiche
logistiche in ambiente umanitario, con esclusivaeratione alle particolarita e alle

problematiche ad esso associate.

L’elaborato si articola nelle seguenti parti:

1. Introduzione della letteratura e deiteri-drivers utilizzati per la valutazione di questioni di
carattere umanitario. Sviluppo dello studio deblggame con applicazioni logistiche reali e
numeriche;

2. Introduzione di modelli per la distribuzione Ihgltimo miglio. Discussione dello stretto
legame tra flotta logistica e performance in teirdircosti e soddisfazione della domanda;

3. Presentazione e sviluppo di modedliristici per la distribuzione che considerino le
caratteristiche tipiche umanitarie e allo stessopt introduzione di modelli semplici da
implementare e utilizzare in casi reali;

4. Introduzione e definizione di nuove tecnicheealierse logisticsn operazioni umanitarie,
con studi provenienti dal campo, dalla letterati@dagli aspetti che le organizzazioni stanno

implementando;



5. Presentazione di un caso di reverse attuat@alia:lil waste managemendbpo il terremoto
in Emila Romagna del 2012,
6. Definizione di un nuovo modello per la locaziodieimpianti di smaltimento e studio

dell'impatto, in termini di performance, che quept® avere nelle operazioni umanitarie.

Il lavoro di tesi e stato sviluppato in strettalabbrazione con il Prof. Luk Van Wassenhove,
Professore di “Technology and Operations Manag€menDirettore dell’Humanitarian
Research Group presso I'INSEAD Business School tétoebleau, France), e con il Prof.
Peter Tatham, Professore di logistica umanitaressw la Griffith University e Direttore del
Dipartimento di “International Business and Asiandtes”. Durante il dottorato e grazie ai
periodi di ricerca all’estero, i contributi di tatieerca sono stati portati alla pubblicazione su

importanti riviste e presentati a convegni interoaali.



ABSTRACT

During the last decades, disasters and catastrdpdthsnatural and handmade have been
radically increased and it seems this way of thingdl continue the next years.

In such this situation there has been even a grawtbrms of humanitarian operations, in
particular of the total humanitarian effort in texraf resources and supply chain in general.
According to the literature here, the logistic impaovers up to 80% percent of the total
effort.

All the organizations involved in these operatiogave special attention to logistic
performance, with an always crescent focus on effEtess, efficiency and sustainability. In
fact, the long term social impact that the disasterd the next operations can cause to the
population and in general to the area, is well kmdy the researchers. For these reasons it is
important to define, monitor and improve the logidunctions efficiency; moreover it is
important to introduce a new sustainable way tahetne success of all the operations
perspectives.

With this goal in mind, this research introducew rleeoretical innovative methods to analyze
the logistic systems performances and it introdutgeugh an appropriate and deep literature
review, new models that present the sustainalditg the social impact associated to the
logistic practices in the humanitarian environment.

This thesis is composed by these principal sections

* Introduction and analysis of the humanitariaeréture with a focus on the different
divers that usually are used for the evaluatiohwhanitarian operations. Moreover it

presents a definition of a general decision makiagnework and its application.

 Introduction and definition of forward distribobh models. In particular, the
discussion of the tradeoff between the costs aisafysd the demand satisfaction or
shortage, associated to the use of different flaats the development of innovative

heuristic models for the distribution that consgiigmpical humanitarian features.

* Introduction and definition of innovative reversgistics practices based on what is
normally used in the industrial supply chain anddshon what the humanitarian
organizations are implementing in the fields; asexample it is presented a real
reverse logistics case, with real data and issted &in Italian case study, the Emilia

Romagna earthquake (2012). Moreover, an innovatverse logistic model for the
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location of reverse plants is presented, with tielys of their impact in humanitarian
operations.

The present work has carried out to the publistohgseveral scientific contributions in
relevant International Journals and Conferencks, Journal of Humanitarian Logistics and
Supply Chain Management, International Journales¥/8e and Operations Management and
International Journal of Operations and QuantiaManagement.
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1. Introduction

1.1. Purpose of Research
Historical data indicate that the total number atfunal disasters has dramatically risen
over the last ten years (Tang, 2006). Accordingiomas and Kopczak (2005), they
are even expected to increase another fivefold theenext 50 years, as ascribable to
many different factors like global warming, popidat growth rate, urbanization,
residential densification, economic and financidbbgl contingencies, natural
resources immoderate use and depletion, etc. Diese reasons, offering timely and
necessary aid to those in need through efficiemdnitarian supply chains is a major
challenge and logistics acts as a strategic rslexaressed by Trunick (2005). In fact,
the goal of humanitarian operations has been difilbg Tomasini and Van
Wassenhove (2004) as “a successful humanitariaratipe [that] mitigates the urgent
needs of a population with a sustainable reducifaheir vulnerability in the shortest
amount of time and with the least amount of reseaifcindeed, one of the most
critical tasks during the humanitarian operatioafier a natural catastrophe, is to
manage and execute all the logistics activitiesatifvely and efficiently.
The present thesis has been developed starting tlienconsideration of the central
role of logistics in the humanitarian supply cham order to guarantee the
achievements of the humanitarian operations’ goal.
For this reason the main purpose of this thesighes definition of innovative
methodologies for the humanitarian logistics manag. In this research, the author
has developed and introduced innovative theoretiwadlels in order to define the
factors and their dependence into the definitiothefachievement of the humanitarian
operations goal and in order to consider new featas sustainability and social costs

in the final humanitarian operations evaluation.

In particular the thesis has these main objectives:

* Introduction and analysis of the literature wahfocus on the different criteria
usually used for the evaluation of humanitarianrapens; definition of a decision
making framework and its application on real cases.

* Introduction and definition of new last mile glisution models, discussion of the
tradeoff between the costs analysis and the dermsatigfaction or shortage associated

to the use of different fleets.
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* Definition and development of innovative heugstnodels for the distribution that

consider typical humanitarian features. These ®mphethods are easily

implementable in real humanitarian operations camed could be used by the

humanitarian organizations;

* Introduction and definition of innovative reversgistics practices based on what is
normally used in the industrial supply chain anddshon what the humanitarian

organizations are implementing in the fields;

* Introduction of a real reverse logistics casdhwidata and issued: Emilia Romagna
earthquake, 2012;

* Introduction of an innovative reverse logisticaebfor the location of revere plants,

and study of their impact in humanitarian operation

( . . N
Humanitarian
Decision Making
Hum. 2. Multi Criteria Framework
Oop.
| / t’
/
/

orward

ﬁ 4.Vehicle
{ Mile

Routing
Problem Problem

5. Reverse
Logistics

6. Debris 7.Close
Management Loop SC

Logistics

Figure 1.1: Thesis Graphic Abstract

1.2. Structure of Thesis

The present thesis has been structured in theaoitpsections, according to the main aims of

the research:

Chapter 2: The purpose of the chapter 2 is to present argemauilti-criteria decision making

process, to assist the evaluation of suitable redtere solutions to operations management

issues in the humanitarian context, for each differphase of the life cycle. Within this

chapter, humanitarian operations are describedrmg of a multi-objective field that reflects

16



service level, timing and costing as final goals] shey are composed of different life cycle
phases, each of which has particular features. rActsired procedure is developed and
validated with some examples of its possible apgbns.

Thereafter, using a sensitivity analysis, it iscdssed a real case. Through the study of the
literature, a framework is built up and analysedupport decision makers in their evaluation
of operations issues, in which the objective higrgris defined and are estimated the
attributes of the alternatives. The given examplegust numerical illustrations of framework
applications.

There is a need of additional different applicasiaa understand how this methodology can
further vary according to the parameters of thastey in question. The impact of the research
regards the support with a structured frameworkthef decision makers in humanitarian
operations, where usually the chaos makes diffexidt critical the easiest decision. Although
multi-criteria decision making topic is well sugtgs by some papers, there are no researches
that have been focused on its application into mitaaan operations with the presentation of
a hierarchy process to support the operators iringathoices.

Chapter 3: The purpose of this chapter is to extend a rgutnodel so that it may be applied
to a real case study of material deliveries invdlwe a development operation, typical of
regular humanitarian logistics, and to explore ith@act of variations in available logistic
assets. The introduced model is a conceptual esoldf the study recently presented. It
concerns the resource allocation and vehicle rgudatisions in the well-known Haitian case.
Different scenarios are analyzed and a sensitaitglysis is provided. Here are considered
constraints related to transportation resources inomplex environment, transportation
vehicle capacities, and delivery time restrictiofsis research shows how the logistic assets
characteristics and their availability affect thetdbution system performances, in terms of
total distribution cost and shortages. The chaftezxplores the Last Mile Distribution
Problem, providing a case study to assist decisiakers in making effective and efficient
distribution across the last mile. The part of a@sk focuses upon the distribution systems
management coupled with material distribution mibiel

Chapter 4: This chapter analyzes the Vehicle Routing Prob(®RP) with the particular
application to the humanitarian field. The main sjien that differs in the application of VRP
in humanitarian operations concerns the presen8aafl Costs and their increase during the
whole time window. These costs are defined as time ef Logistics, linear function and
Deprivation Costs, modelled as exponential funaidrhe suggested solutions can be used in
order to achieve a good final level of Social Castd introduce the idea of VRP Heuristic

applied to the humanitarian operations.
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Chapter 5. Chapter 5 introduces the use of Reverse Logistics humanitarian operations.
Whilst implementation of a broad range of Reversgistics (RL) practices is increasingly
the norm within commercial supply chain managemtéigy have had limited impact in the
humanitarian logistics (HL) sector. The aim heretherefore, to analyze the challenges and
opportunities for the application of RL in a huntanian logistic context.

Through a broad review of both the academic andtitiamer literature, supplemented by
informal discussions with senior humanitarian ltgians, the research summarizes the
current state of RL within the humanitarian logissiector, before recommending ways in
which practices that are increasingly found in angwercial context could be implemented.
The finding indicate that, to date, the use of carmal RL practices is extremely limited
within the HL sector, but there are a number oaare@here their introduction is possible in
the future.

Whilst the reviews of the literature were compredies, further and more detailed research
into the RL practices (if any) needs to be undemaky aid agencies, in order to implement
appropriate lessons and experiences across tha sescé whole. Given the overall desire of
humanitarian agencies to ‘do no harm’, it will bacreasingly important for such
organizations to embrace RL practices in ordentprove the sustainability of their disaster
preparation and response activities. In light & ¢enerally increased awareness of the need
to reduce the environmental footprint, as wellraproving the social and economic impacts
of their supply chain activities, there is likely be increasing pressure on aid agencies to
adopt RL practices. This part of research idergtiieme of the potential areas in which this
can be undertaken, and the associated barriers twdrcome. To date, it would appear that
no academic research has been undertaken into ltherd&tices within the humanitarian
logistic sector. To this extent, the research regmes a first look at a new sub-topic within the
overall HL field.

Chapter 6: In this chapter is presented a real ltalian caSgost-earthquake operation
occurring in Northern Italy since May 2012. In peutar, the purpose is to analyze the
response carried on by the various organizationsived in the disaster in terms of different
actors involved, number of persons and report erptist disaster waste management process.
The analysis demonstrates to be complementaryeocexisting published literature in the
field. In the second part of this work the authovestigates the management of the most
important waste material: the construction and deimo debris. The collected data reflect
the great amount of waste generated during and thiéetwo recent Italian earthquakes and

the number of months that have been necessarynagaahe debris removal process in more
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than 1,000 demolition sites. The Government attenptrecycle as much of the waste as
possible with the aim to conserve the remainingfifircapacity.

Chapter 7: This chapter introduces for the first time thenagpt of the close loop supply
chain (CLSC) into humanitarian operations. This hmesen already considered in the
commercial supply chain, where the reverse flowctizas have been explored. Indeed,
although this topic is well suggested by some mapegre are no researches that have been
focused on CLSC into humanitarian operations. Sindée last years new trends have been
coming out into humanitarian OM and always more dngnce has been giving to
sustainability, this chapter wants to study andya@b.SC practices into humanitarian context
in order to study the impact that it could havetfa operations.

The chapter explores the CLSC topic by providingadel and studying to evaluate Regular
humanitarian logistics (R-HL), where the main ohjex of the operation move from the
reduction of population needs to a minimizatiortled overall impact of the disaster and of
the operations. This part of research focuses emotjistic facility management coupled with
material distribution modalities in the situatiomeve the items are not just delivered using
“forward channels”; it rather considers others ffothat usually the humanitarian literature
didn’t face yet, for instance “reverse channelstl@ management of operations waste. This
Is because the issue of the humanitarian operanopact arose from the literature.
Constraints related to transportation resources inomplex environment, transportation
vehicle capacities and delivery time restrictions &ere considered, moreover different
scenarios are analyzed. The proposed model opsmézm®urces allocation and prepositioning
decisions on a number of test problems. Moreoveritfipact of each practice proposed is
evaluated in order to understand its applicabifitshis particular context.

Chapter 8: This chapter reports the conclusions about teeaiehes and the future steps.
Chapter 9: In this chapter are listed the references, dwvibg chapter in which they are

mentioned.

1.3. Main Scientific Contribution Developed
The presented research has permitted to write abtish several scientific contributions in
many important international journals during thet klree years, like Journal of Humanitarian
Logistics and Supply Chain Management, Internatiddmaurnal of Service and Operations
Management and International Journal of OperatmusQuantitative Management.
Some of these have been also presented and diddugdbke author in several international
conference, such as EurOMA, and national confeseAtBI.
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Moreover, the research has also been carried auigda period of time in 2012-13 at the
Humanitarian research team at INSEAD business $cimocollaboration with Prof. Luk Van
Wassenhove and during a period of time in 20134l4nt@rnational Business and Asian

Studies Department at Griffith University, in cdd@ation with Prof. Peter Tatham.

Here below the list of scientific contributions @ééwped from this research:

INTERNATIONAL JOURNALS

BATTINI, D., PERETTI, U., PERSONA, A. AND SGARBOSSA. (2014), ‘New last mile
distribution model in relief application: the Haiti case’. JOURNAL OF HUMANITARIAN
LOGISTICS AND SUPPLY CHAIN MANAGEMENT, VOL. 4, NOL1, PP. 131-148.

PERETTI, U.,, THATAM P., SGARBOSSA, F., WU, Y. (2014'Reverse logistics in
humanitarian operations: challenges and opporamjtiACCEPTED BY JOURNAL OF
HUMANITARIAN LOGISTICS AND SUPPLY CHAIN MANAGEMENT.

BATTINI D, CALZAVARA M, PERETTI U, PERSONA A (2014)‘Debris management in
post-earthquake operation: an Italian case stUlCEPTED FOR PUBLICATION AT
‘HUMANITARIAN OPERATIONS MANAGEMENT” SPECIAL ISSUE, IN THE
INTERNATIONAL JOURNAL OF OPERATIONS AND QUANTITATINE
MANAGEMENT.

PERETTI U., PERSONA A., SGARBOSSA F., TATHAM P. (). ‘Application of general
multi-criteria framework for humanitarian logisticéa CCEPTED FOR PUBLICATION BY
INTERNATIONAL JOURNAL OF SERVICES AND OPERATIONS MWAGEMENT.

PERETTI U, BATTINI D, PERSONA A, SGARBOSSA F., VANVASSENHOVE L.
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2. Decision making in Humanitarian Operations

One of the most challenge features associated rt@mhitarian operations is their complexity
(Tatham and Houghton, 2010; Altay and Labonte, 284t reflects the multiplicity of actors
and stakeholders, the challenges of the physicaeir@mment and the speed with which
changes occur. As a result, the evaluation ofpthtential operational alternatives reflects a
wide range of factors, such as the impact on tlaffeeted and the speed of the response, in
addition to the inevitable consideration of theafigial cost of the proposed action(s).

Such a multiplicity of variables is, of course, solely a feature of the humanitarian logistic
(HL) challenge as such scenarios can be found itipteuother business contexts and which
are frequently investigated through the use of aj@mrs management techniques. It is,
therefore, unsurprising that the literature cordga number of examples of the use of
operations management (OM) techniques as a meabsttef understanding the challenges
associated with the management of humanitarian lgugpains (HSCs). Such examples
include the work of Overstreet, R. E., et al. (20td Caunhyeet al, 2012. A particularly
helpful feature of this research is the extent tucW different parameters are taken into
consideration in order to obtain the best fit &f tbpresentative models and, thereby, improve
the management of such operations. Such exampkesle the work of Linet al (2011).
Moreover, due to the inherent complexity of humemmatn operations, the final objective is
usually hierarchical linked to several factors whinay not be easily evaluated, for example
the available capital and humanitarian resour¢esnumber and role of beneficiaries, as well
as cultural and social aspects. All these featumgmct on other elements, such as quality,
agility, etc. which, as explained below, are impattcomponents that are needed to evaluate
the final multi-objective goal of the operation.

Furthermore, as is evident from the literature ($eeexample Tatham, P.H., et al., 2012),
humanitarian operations take place across a nupfh@nases, where each phase has its own
constraints and issues. From this it is clearttmatuse of OM techniques must take particular
account of the humanitarian operations life cynlat, least because the activities undertaken,
the volumes of resources to be moved and the dwmastraints differ markedly across each

of these phases.

The purpose of this session is a general multegatdecision making framework that will
support evaluation of alternatives courses of actthin a humanitarian operations context.
From the literature review d all the aspects amdctfiteria that are considered in these papers
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as essential in order to evaluate the issues insfiecific phase have been found. From this
point the framework has been built up. The centrdéria are the ones most used by the
literature, the ones that are seen by literatusecleatral, while the others have been classified
as secondary or tertiary for analogue reasonsappékcation of this framework is designed to
assist the user in considering the different charetics and the different phases of
humanitarian operations life cycle. In particuldme proposed approach can support decision
makers in their evaluation of the range of operaiissues in which the objective hierarchy is
defined and the attributes of the alternativeshmapstimated.

Within this chapter, a strong literature revieve#sried out to find the criteria that usually are
used by the literature in the evaluation of hunarah issues. Hence humanitarian operations
are described in terms of multi-objective issued @reir composition of different life cycle
phases, each of which has particular features. d@rea structured procedure is developed
from the top with the decision goal to the diffaréower levels of criteria that are linked to
the alternatives. Each pair of elements at the dawsd is compared and a matrix of relative
importance is obtained, to do this the Saaty’'s @0 86) scale of comparison (Table 2.1) is
used then overall or global priorities are obtairfédally these priorities are used to evaluate
the final priorities of the alternatives at thetbat-most level.

This research defines and determines the geneohlgon and the system characteristics
relating to the post disasters humanitarian opmmati It presents a structured decision
hierarchy, the framework. This framework, diffelgrftom the ones present in the literature
(Richey, R. G., 2009, Liberatore, F. et al, 20t4)) be used in every phase of the disaster and
for different issues because leads different prewifor different situations through the
utilization of AHP. The importance of the applicatiof this tool into humanitarian operations
is associated to the possible evaluation of comsies in a wide range of applications;
moreover during the evaluation of the criteria tomsistency helps the decision makers in
giving the right relative importance. Another imfzort feature is that is the robustness is
easily verifiable through a sensitive analysiss tinelps in understanding how different criteria
evaluation can condition the overall output.

To conclude this research suggests the guidelmesderstand which criteria impact mainly
on decision making in humanitarian context and hawerent criteria or alternatives

evaluations impact in the final result.

2.1. Literature review
This section contains an overview of the contrilmsi on the use of operations management

techniques that are contained within the humaamalogistics literature. This will underline
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the main features of this research field, the negpénts generated in recent years by the
humanitarian actors and, finally, the benefits li# proposed general multi-criteria decision
making process.

In the last decades Humanitarian Operations haceiwed increasing attention by the
researchers and it is still increasing in termsirsfestigations (Littieri, E., et al., 2009;
Natarajarathinam, M., et al. 2009; Caunhye, A.Malgt2012, Kunz, N. and Reiner, G., 2012,
John, L. et al. 2012).

Particularly in this quite new field of research nypaoperations management aspects have
been dealt with, as the context (Van Wassenhow, R006, Kovacs, G., and Spens, K. M.,
2007, Altay and Green, 2006), the challenges (Keyv&c, and Spens, K. M., 2009, Balcik, B.
et al. 2010), the trends (Apte, A., 2009; Kovacs,dad Spens, K.M., 2011) and many other
OM features. Throughout this research the definittb humanitarian supply chains (HSCs)
will be that offered by Thomas and Kopczak. Thasthors adjusted the Council of Supply
Chain Management Professionals (CSCMP) definitioh commercial supply chain
management and argued that HSC management ispftoess of planning, implementing
and controlling the efficient, cost-effective flaamd storage of goods and materials as well as
related information, from the point of origin toetipoint of consumption for the purpose of

meeting the end beneficiary’s requirements” (Thoaras$ Kopczak 2005, p. 2).

The relationship between humanitarian and commiesaiaply chain has been widely tackled
in the literature where, in particular, there isnsiderable discussion of the impact of
unpredictability that affects both types of supphains (see, for example, Christopher and
Tatham, 2011). Other comparative discussions decthe management relationships that are
developed “just in case” in HSCs versus the egooadransaction approach that is found in
commercial supply chains (CSCs) (Kovacs and Sg0Kl). Separately, Kovacs and Spens
(2007) specify a number of key features to be foimdéHSCs such as actors, phases and
logistic processes in relief operations. Other papevestigate the challenges and the
practices (Balcik et al., 2010; Kovacs and Sperid,1? and the broader similarities and
differences between commercial supply chains anchamitarian ones (Beamon, 2004;
Maspero and Ittmann, 2008; Holguin-Vertsal, 2012). Furthermore, many papers in the
literature tackle typical humanitarian issues saslthe problem of allocating scarce resources
to complex operations (Fieldrich et al., 2000; Waassenhove and Pedraza Martinez, 2012;
Battini et al., 2014), scheduling activities (Badizlu et al., 2002; De Angelis et al., 2007)
prepositioning (Rawls, C.G. and Turnquist, M.A.,120 Campbell, A.M. and Jones, P.C.,
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2011; Lodree Jr, E. J., 2011) and supply items {Kid®87; Haghani and Oh, 1996; Balcik et
al., 2008; Nolz et al., 2010).
Some of these macro differences are well summabydsialcik and Beamon (2008, pp. 102)

who emphasize the importance of the following fesglof HSCs:

» Unpredictability of demand, in terms of timinggchtion, type, and size.

» Suddenly-occurring demand in very large amountsshort lead times for a wide variety of
supplies.

* High stakes associated with adequate and tinadlyety.

* Lack of resources (supply, people, technologndportation capacity, and money).

More specifically, some applications of multi-olijge models are offered in the literature
using linear programming (Tzereg al, 2007;Stepanov and Smith 2009; Lat al, 2011).
However, reflecting on the recommendation of Chanaled Paché (2010) who emphasize
that a structured approach is necessary in ordenpioove the future operations, it is argued
that the linear program approach which modelge@spsuch as costs, time and service level
is helpful, a broader multi-criteria approach thétise different factors at different levels is
necessary.

In particular and as outlined earlier, when red@iagchumanitarian operations, it is clear that
a specific focus should be directed towards tleedyfcle. Thus, many authors including Long
(1997), Nisha de Silva (2001), Cottrill (2002) aKdvacs and Spens (2007), Kovacs and
Tatham (2009) argue that a humanitarian operatestb be seen as a set of phases that
jointly constitute the life cycle. Typically, suchodels reflect a number of phases that vary
from the three macro-phases offered by Kovacs qah$(2007): (1) a preparation phase;
(2) the transition phase and (3) the reconstrugitmase, to alternative models which suggest a
greater number of phases. Thus, Chaetes. (2007) offer a model that consists of (1) atfirs
phase of preparedness, then when a disaster hasean (2) the ramping up (Tomasini and
Van Wassenhove, 2004); (3) the transition (4) asphof support (sustainment); and (5) the
final phase of dismantling (ramping down). SafrBn(2003) instead introduces the concept
of cycle associated to the disaster managemenatipes, where a disaster life cycle ending

corresponds to the beginning of another disasteagement cycle.
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Figure 2.1: Humanitarian Operations Lifecycle. Safan, P. (2003).

The introduction of the life cycle is important &@s helps to emphasise the different
circumstances that it is possible to find in eabbge. Indeed, each phase has its own distinct
issues and for this reason each has a differete puwhich it can be improved. This point is
reinforced by Van Wassenhove and Pedraza Mart@@¥2( p. 309) who note that “different
phases are likely to be managed by different pgawiéh distinct objectives”. Furthermore the
cyclical nature of the preparation — response -ensituction —preparation phases in which
the management actions taken in each specific emeninformed by the success and/or
failure or the previous iteration is an importariver of behaviour.

From the analysis of literature, it is clear thatagproach that is both systematic and general
should be adopted in order to assist researchetspeactitioners in resolving the sort of
operations management issues that typically dvisethat these approaches should be framed
by consideration of the humanitarian preparatiod eesponse life cycle. Moreover, it is
argued that a hierarchical approach could simphBse complex decision-making problems
through consideration of both quantitative and e factors in the evaluation of the final
solution set. For these reasons, a multi-critegaigilon making process based on AHP has
been developed and, as will be demonstrated latdre thesis, its application in a real case
study has demonstrated the validity of the methmglol AHP has been selected because it “is
a very useful technigue in solving complex decigiooblems. By applying this methodology,

| can identify several qualitative and quantitatigateria, examine the competing and

conflicting objectives among them, and assess tled@tive importance in order to make
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trade-offs and to determine priorities among themnhaking good decisions” (Tummada
al., 1997, p. 272).

The limitations of the AHP approach are well sumeet bylshizaka and Labib (2009), in
particular among them 5 limitations have been amrsd for the application of the presented
framework:

- Problem structuring: Different structure may leadtdifferent final ranking.

- Pairwise comparisons: Comparisons are recordedpaosdive reciprocal matrix. In
special cases a non-reciprocal matrices can be asddsuch non-reciprocal matrices
are then treated similarly to traditional matricksthis respect the alternative use of
Expert Choice does not offer the possibility ofrfgenon-reciprocal.

- Judgment scales: The use of verbal comparisomgugively appealing, user-friendly
and more common in our everyday lives than numbkrsay also allow some
ambiguity in non-trivial comparisons. To derive grriies, the verbal comparisons
must be converted into numerical ones. In SaatyP Amethodology the verbal
statements are converted into integers from onaite. Among all the proposed
scales, the linear scale with the integers oneén® and their reciprocals has been used
most frequently across a range of applications.

- Consistency: Expert Choice uses the consisteny. Hbwever, this consistency ratio
has been criticized because it allows contradicjodgments in matrices or rejects
reasonable

- Sensitivity analysis: The sensitivity analysis ixpErt Choice varies the weights of the
criteria as input data. However, sensitivity analys a fundamental process in the
decision with AHP.

As discussed above, the many different charadsisbnsidered in this kind of operations
lead to the use of a multi-criteria approach ahdredfore, a key component of the approach is
to evaluate the weight of each of the hierarchfeators. This will be achieved through
inspection of the literature in order to achievdiral global goal. The weight of these
elements and the goals will change according tb b operation itself and the phase of the
humanitarian operation life cycle in which the desb is being considered.

One of the key aspects of the thesis is the pateioti some of the features of a humanitarian
supply chain to be used as performance measumresxdmple: number of beneficiaries, the
level of damage (infrastructure) and the quantitylenations (capital, human resources) or

the time required (time, cost) to reach the berafes.

2.2. Decision making in humanitarian operations managenm
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The decision making in humanitarian operations lbeen always seen as a tricky issue and
the research in this context has been already stegyéBenini, A., et al., 2009; Peng, Y. &
Yu, L., 2014). The high complexity associated whtlmanitarian operations argues for the
use of AHP which is particularly applicable as ehtgque for solving complex and critical
decision problems (Rao Tummadd al, 1997, Das, D. & Barman, D. 2010). In particular
AHP is considered a reliable method (Triantaphyboa Mann, 1995) that allows the use of
both tangible and intangible measures with respet¢he numerous objectives (Wei al
2005) as well as having a wide range of applicationoperations management (Vaidya and
Kumar, 2006, Subramanian and Ramanathan, 2012).

To better explain the developed decision makinggse and using the methodology of Saaty
(1980, 2008), the following steps should be folldwe

1 PROBLEM CONTEXT: Define and determine the problemd athe system
characteristics, relating to the phase of life eyahd analyzed operations.

2 FRAMEWORK STRUCTURE: Structure the decision hiehgr¢framework) from
the top with the goal of the decision, then thesotiyes from a broad perspective
(cost, time, service level), through the lower lsvgriteria). These criteria are
linked at the end to the alternatives.

3 CRITERIA PAIRWISE COMPARISON: Compare each pairedéments at the
same level and obtain a matrix of relative impar&ann comparisons. Each
element at an upper level is used to compare #raagits at the level immediately
below it. Saaty (2008, p. 86) goes on to proposeade of comparison (Table 2.1),
and this will be adopted within the current resharc
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Table 2.1: Saaty’s scale of comparison

Intensity of
Importance Definition Description
aii
1 Equal Importance Two alternatives contribute equally to the same goal
3 Weak Importance On the basis of experience and evaluation one alternative
is slightly preferred to the other
5 Strong Importance On the basis of experience and evaluation one alternative
is favored strongly over the other
7 Very Strong Importance  One alternative is favored strongly over the other; it is
demonstrated in practice.
9 Absolute Importance The evidence on the basis of which one alternative is
favored of the highest possible order of an affirmation
2,4,6,8 Intermediate values Used to interpolate between adjacent scale values
Mutual and If an alternative i compared to alternative j assumes a reported value, then the
Not null alternative j will assume a mutual value if compared to alternative i
values

Use the priorities to weigh the priorities at tegdl immediately below. Complete
this for every element. Then, for each elemenhatl¢vel below, add its weighed
values and obtain its overall or global priority.

4 ALTERNATIVES EVALUATION: Using the same pairwise ggparison process,
define the final priorities of the alternatives thie bottom-most level. Then
synthesize these results to determine an overalbme.

5 SENSITIVITY ANALYSIS: Analyze the sensitivity to @mges in judgment.

The details of each step of the decision-makinggse presented above will be explained in
the next sections of the thesis.

2.3. Problem context: humanitarian operations
The main purpose of this chapter is to developreegg multi-objective framework to support
decision makers into the evaluation of alternats@utions for typical humanitarian
operations issues. As discussed earlier, this tiga®n reflects the operations life cycle
using the formulation offered by Safran, P. (2008)ich offers three phases: prevention,

transition, and recovery. These are depicted inrei@.1.
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As outlined earlier, each phase has different featun particular:

A. Prevention According to Murray (2005) and Kovacs and Sp&®7), donations tend

to rise after a disaster (not least due to thespoeserage that surrounds the event),
however, this is often too late to influence theparation activities that would, in turn,
lead to greater logistic efficiency and/or effeetiess (Tatham and Pettit, 2010). Thus,
when considering this phase of the problem, impartant to recognise that achievement
of efficient/effective preparations will potentialiesult in considerable cost savings at a
later stage — unfortunately donors (especially guwents) do not like having to pay
such ‘insurance premiums’ to cover for an eventyalhat may never take place.
Nevertheless, such aspects must be factored ietgribblem. So whilst Balcik and
Beamon (2008) research the facility location probley considering just transportation
costs and plant costs, Taylor (2012) goes furtherexploring ways to improve the
responsiveness of humanitarian organizations hyekample, prepositioning items in
regional hubs, and through improving inter-agenogrdination. Indeed, to improve
responsiveness, some authors (e.g. Hale and Mod@0§, Kapuciet al, 2007) suggest
that it is necessary to find a location that optiesi the reaction time to ensure a positive
impact on the humanitarian supply chain lead time.

B. Transition (Disaster Responséisis the most critical phase as evidenced by the
views of many authors and as exemplified by Kowaas Spens (2007, p.104) who argue
that “the main problem areas of the transitigimase lie in coordinating supply, the
unpredictability of demand, and the last-mile pesblof transporting necessary items to
disaster victims”. Similarly, Pedraza Martinet al. (2010, p. 17) underline the
importance of the response operations in ordernfeximize demand coverage while
minimizing time of response”. By the same token,n\W/assenhove and Pedraza
Martinez (2012, p. 309), suggest that the “succésesponse implies quickly building a
supply chain”. Furthermore, in the disaster respg@igse cost is not considered the most
important driver of the supply chain because greatéention is paid to life-saving
activities (McCoy, 2008). With this in mind, Balogt al. (2008) suggest the utilization of
a penalty cost associated with suffering and lé$iwes that has to be minimized in order
to find an optimal solution to the distribution ‘Girst necessity” items. Regarding this
phase, the importance of reaching the people wlea melief support in less than 72
hours (3 days) has been underlined by many aufeags Awan and Rahman, 2010; Van

Wassenhovetal., 2012). Indeed, the response has to be “speadyatost and the first
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72 hours are crucial” (Awan and Rahman, 2010, p. 8reover, according to Russeti

al. (1995, p. 745) “during this 72-hour period, treemal flow of goods and services will
be disrupted; emergency personnel will be overwbkdland unable to respond to every
need”. These quotes are very significant because pbint out a crucial constraint that
must be incorporated into the model, namely the tmmdow in which the humanitarian
organizations have to reach the beneficiaries. Afing to Van Wassenhovet al
(2012), the most important operational objectives the transitionphase are the
maximization of the demand fulfilment and the mirgation of the response times.
Hence, maximizing the access to the local populaisokey to the delivery urgently

required food and non-food items within the shanessible response time.

. Recovery (supportjecovery is the phase that reflects the stabitineof the situation

after the initial hit of the disaster and beforencoencement of the re-build. According to
Thomas (2002, p. 61), “during this phase the natfreghe operation and logistics
requirements can change with the time and opemdtmonditions but the basic processes
and structure remain in place”.

Within the overall recovery phases three sub-phdse® been identified by Safran
(2003). The first part of the restoration phaseicWloccurs just after the transitiphase,

is that in which regional and international actoostinue the process of delivering aid to
the beneficiaries — an activity that started in ttamsitionphase (Lamont, 2005) and in
which the distribution of “first necessity” itemaktes place (Balcikt al, 2008; Battiniet
al., 2014). It will be seen, therefore, that the drief behaviour in this sub-phase is that
of the effectiveness of the operations. This carc@pared and contrasted with the
second sub-phase that described by Kovacs and $2@0ig) as the rehabilitation phase
in which, according to Maoat al (2009) the most important goal is “efficient tactal
and material support” in other words, the focuenshe efficiency of the operation. The
reconstruction phase reflects the ramping dowhérlife span of a disaster, and is “when
assets are gradually reduced and withdrawn fronatka to be redeployed elsewhere”
(Maspero and Ittmann, 2008, p. 176). It is impdrtannote that “the ramp down phase
does not signal the end of the need for aid, amsl mormal for developmental or long-
term aid to ramp up in the area to complement #reping down of the emergency
response” (Maspero and Ittmann, 2008, p. 176). Aling to Van Wassenhove (2006,
p.480), in the last phase it is fundamental to rtstaoking to buy the same goods
locally”, in other words, part of the dismantlindhgse reflects the need to provide

financial support so that markets will start tdorgid.
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2.4. Humanitarian operations management framework structire
As discussed in the literature review, a numbeawathors have used linear programming
approaches in order to propose the best allocatidhe scarce resources that are present in
humanitarian operations. In particular, Tzextcgal (2007) summarize the problem by means
of three objective functions that have to be com®d jointly, namely: minimization of total
cost, minimization of time factors, and maximizatiof satisfaction level (otherwise known
as the service level).
However, as outlined earlier, due to the hieramhgiructure of humanitarian operations
management issues, this research uses AHP folloti@gapproach of Saaty (1977). This
theory, widely used in a broad range of applicai¢see, for example: Triantaphyllou and
Mann (1995) - engineering; Al-Harbi (2001) — prdjemanagement), is “a theory of
measurement through pairwise comparisons and retigke judgments of experts to derive
priority scales” (Saaty, 2008, p. 83). The tooloa# the evaluation of issues through
consideration of different features, and it faatits the search for the best alternatives in a
range of possible solutions. The resultant fram&wsed in this research has been developed
by analyzing the existing literature about humarata operations and, in particular, that
relating to performance measures and their possitiigation in tools such as the multi-
objective models that have already been describbéuki literature.
The parameters used are split into different levgtgimary, secondary and tertiary drivers —
in order to support the decision process and twalletter achievement of the final objective.
In the figure below, the framework is presentedchwviite three levels of considered elements
(from the edge to the center) with the optimizatpmint, i.e. the goal, at the center of the

image.

Capital

Figure 2.2: Humanitarian Operations framework
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In the next subsections, this model is decomposddtee rationale for the choice of drivers is
presented, based on the previous contributionsprder to clarify the structure of the

framework and the hierarchy decision process.

2.4.1.Goal

In complex operations such as HSCs, organizatiange o evaluate the best alternative in a
set of different opportunities. The goal of thenfwork is help the decision makers make
these difficult choices thorough the use of a $tnexl tool that considers different criteria.

2.4.2.Primary Criteria

Following on from the discussion in previous pasgis, it will be appreciated that there
three central drivers for the management of a supp&in, namely: cost, time and service
level. Within the commercial supply chain literaucosts include items such as warehouse
costs, distribution costs, personnel costs, eteh@asglu et al, 2002; De Angeli®t al,
2007). Time is normally considered to reflect tlesponsiveness (Hale and Moberg, 2005;
Kapucuet al, 2007) associated with the operation, while #wise level is the percentage of
people satisfied (Tzengt al, 2007).

In the humanitarian supply chain literature, thesdactors are usually applied in operations
management models (such as Van Wassenhove, 2006c&and Spens, 2007). Moreover,
costs, time and service level are typically predmoth in single-objective models (Knott,
1987; Barbarosgiu and Arda, 2004; Ozdamat al, 2004) and in multi-objective models
(Tzenget al, 2007; Balciket al, 2008; Vitoriancet al, 2010; Linet al, 2011; Battiniet al,
2014) in order to optimize the operations. Thesedleriteria will, therefore, be considered as

the central drivers of the framework.

2.4.3. Secondary Criteria

During an operation, in addition to costs, time aedvice level, it is important to consider
other drivers due to the complexity of the operatidnother important driver isgility
(Charles, A., et al., 2010, Dubey, R. et al. 200hjch is a business-wide capability that
embraces organizational structures, informationtesys, logistics processes, and, in
particular, mindsets (Christopher, 2000). Moreowemrdinationis an important driver, as
indicated by Balcilet al. (2010) and Tatham and Pettit (2010); in factmiyirnany operations
(especially the larger ones) there is a massiviexndf aid agencies (both governmental
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agencies and NGOs) focusing on relief after disastefor example, Altay and Labonte
(2014) indicate that some 2,000 aid agencies wegsept in Haiti in the aftermath of the
2010 Haiti earthquake. Furthermore, Van Wassenl{@086) considers different kinds of
coordination according to the phase (coordinatigrcammand, coordination by consensus,
and coordination by default). Van Wassenhove anahaini (2009) discuss the importance
of securityusing the historical example of the situation eft#an-controlled Bosnia in 1993
in which humanitarian operations were severely tamed — indeed, a more recent (2014)
example would be that of the humanitarian challsrigeSyria. Another driver considered is
quality. Indeed, according to Dufowet al (2004), the experience of humanitarian crises
during the 1990s, notably in Rwanda (1994), lethtoeasing awareness among aid agencies
that “Il ne suffit pas de faire le bien, il fautliéen faire” (according to French Enlightenment
philosopher Denis Diderot: “It is not enough toghmd, it must be done well”). Hence, some
quality tools, such as the Sphere Project handiétmanitarian Charter and Minimum
Standards in Disaster Response), or the altern&ivedity Project, are being employed by
humanitarian organizations in order to “improve thality of assistance provided to people
affected by disasters, and to enhance the accalitytalb the humanitarian system in disaster
response” (Sphere Handbook, 2003, p. 2). Accordimghe definition of Thomas and
Mizushima (2005), the last aspect that has to Imsidered is that ofontrol throughout the
area interested by the operation in order to aehilee required security and quality factors.

2.4.4.Tertiary Criteria

In the literature, Richardson et al. (2010) andnBrdson and de Leeuw (2012) present some
factors that are used in order to locate invensotiefore disasters. These factors are
simplified in the framework to: available capif@inds), resources (e.g. available labor,
vehicles, tents, etc.), infrastructure (e.g. udifif IT services, etc.), beneficiaries (people
affected by the disaster), social, cultural anditipal factors (e.g. state governability,
corruption, etc. (Whybark, 2007; Rodehal 2012) and other secondary assets (all the other
factors that can be present in the area and arendoded in the previous sections). These

drivers are strictly linked to the set of possialernatives.

2.5. Criteria pairwise comparison

As discussed earlier, the drivers and criteria usethis research relate to three different
levels which influence the achievement of the gamadl relate to the particularities of the

system. The outermost level of Figure 2.2 referthiobasic factors that have to be considered
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as criteria in the first part of the decision-makiprocess. These factors are humanitarian
resources, beneficiaries, available capital, spcigtural and political factors, infrastructures
and other secondary assets.

The second step focuses on five key qualitativenetds: these aspects are quality, agility,
security, control and coordination. The last stefhis methodology is the optimization of the
three core factors considered in almost all thedmitarian papers (cost, time, service level).
In using this model, it is important to explaintttfae goal can still be achieved even when all
the drivers cannot be taken into considerationusTIn this scenario, if one of the primary
drivers cannot be evaluated, the secondary onetakea. Similarly, the tertiary drivers are

considered if it is not possible to assess botlptheious ones.

2.6. Numerical Examples
The following section uses three examples of isgaesd in real-life operations, with one
selected from three of the different life-cycle pbs. This section shows the applicability of
the framework and the variance of the weights amatipes of the criteria in function of the
phase in which the framework is applied.
These examples ardocation of local distribution centers in preparezis (Prevention
phase) vehicle routing in the emergency (Transition phasehicle routing in rehabilitation
(Recovery phaseand dismantling operations in reconstruction (Recovetyase).These
examples were selected in order to explain howeufit issues are dealt with, and how the
same issue is often present in different phasésedlife cycle — but with different weightings
for the secondary and tertiary criteria.
The examples are used to demonstrate numericallythe framework should be used and
how the weightings associated with each criterialhwary in relation to both the issue and
the phase of the life cycle under considerations Thimportant because, if the framework is
to be applied in a real context, all the assetslirad in the operation and the particular case
of application have to be considered.
In the matrices below, the priority is the weiglssaciated with the factor (the sum of the
priorities is 1), while the scale is expressedhm same way as in Saaty’s work (Table 2.1). In
the examples, the scale of comparisons is a desaetle between 1 (not important) to 9
(extremely important) and these numbers have beedemup based on authors’

experience/expertise.

36



2.6.1.Location of Local Distribution Centers in Preparexs

(Prevention phase)

As Anand, G., et al. (2012) the location of a pleah be very critical e subject to different
drivers. According to Beamon and Kotleba (2006) &idhardson and de Leeuw (2012),
when considering preparedness in which the maiactibg is the prepositioning of a plant,
the key features that have to be optimized ar¢h@ rosts of the plant: in particular, the fixed
cost associated with the physical construction @)dhe variable cost associated with the
shipment needed to deliver the items. In this phaseimportant to understand how time and
service are linked to the responsiveness of thelgughain and, consequently to the location
of the plants, but also (at a secondary level) wag8pect to cost.

In the example below, the application of the frarodweflects the three different levels of
Figure 2.2. The first level is the pairwise compani in relation to the primary drivers, the
second in relation to the secondary drivers andthirel in relation to the tertiary drivers’
comparison. These pairwise comparisons are nunhexi@nples for the utilization of the
tools and the nature of the outputs. These conpaibave been made up based on author’

experience/expertise just to demonstrate the metghagplication.

Table 2.2: Primary drivers’ comparison and prioriti es

Priority Pairwise comparison Cost Time Service
Cost 0.683 Cost 1 4 5
Time 0.117 Time 1/4 1 2
Service 0.200 Service 1/5 1/2 1

Table 2.3: Secondary drivers’ comparison in time banch and priorities

Priority Pairwise comparison Agility ~ Control Coordination  Quality  Security
Agility 0.189 Agility 1 1/2 1/3 2 2
Control 0.168 Control 2 1 1/2 2 1/3
Coordination 0.304 Coordination 3 2 1 3 1
Quality 0.076 Quality 1/2 1/2 1/3 1 1/4
Security 0.263 Security 1/2 3 1 4 1
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Table 2.4: Tertiary drivers’ comparisons in coordination branch and priorities

Beneficiaries
Capital
Infrastructures
Resources
Social, Cultural
and Political

factors

Priority Pairwise Beneficiaries Capital Infrastructures Resources Social, Cultural
comparison and Political
factors

0.242 Beneficiaries 1 3 2 1 1/2
0.137 Capital 1/3 1 1 1/2 1

0.120 Infrastructures 1/2 1 1 1/2 1/2
0.240 Resources 1 2 2 1 1

0.260 Social, Cultural 2 1 2 1 1

and Political

factors

2.6.2.Vehicle Routing in the Emergency (Transition phase)

Optimal vehicle routing is selected as an examgléhe methodology because, in the

transition phase, especially in the emergency simathe distribution of items from the hubs

to the beneficiaries is an important issue forlthmanitarian operators to manage.

As explained in the previous paragraphs, the uaiceyt associated with the demand

combined with the operational impact of the patticienvironment and the time driver all

make the transition phase the most critical on¢hiphase, the service level and the time are

considered as the predominant factors in phasenatiion (Pedraza Martinezt al, 2010).

Moreover, in the literature, many cases of vehiolgting are presented in order to optimize

the times and the service level in the items’ thstion. As in the previous example, primary

drivers’ comparisons are shown below:

Table 2.5: Primary drivers’ comparison and prioriti es

Cost
Time

Service

Priority Pairwise comparison Service
0.079 Cost 1/5
0.487 Time 1
0.435 Service 1
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Table 2.6: Secondary drivers’ comparison in time banch and priorities

Priority Pairwise comparison Agility  Control Coordination  Quality  Security
Agility 0.359 Agility 1 5 4 3 1
Control 0.079 Control 1/5 1 1/3 2 1/5
Coordination 0.140 Coordination 1/4 3 1 2 1/3
Quality 0.074 Quality 1/3 1/2 1/2 1 1/4
Security 0.347 Security 1 5 3 4 1

Table 2.7: Tertiary drivers’ comparisons in coordination branch and priorities

Priority Pairwise Beneficiaries Capital Infrastructures Resources Social, Cultural
comparison and Political
factors

Beneficiaries 0.222 Beneficiaries 1 3 1 1/2 2
Capital 0.115 Capital 1/3 1 1/2 1/3 2
Infrastructures 0.216 Infrastructures 1 2 1 1/2 3
Resources 0.359 Resources 2 3 2 1 3
Social, Cultural Social, Cultural

and Political 0.087 and Political 1/2 1/2 1/3 1/3 1

factors

factors

2.6.3.Vehicle Routing in Rehabilitation (Recovery phase)

In the literature, one of the most relevant proldefaced in the recovery phase is the

distribution of items from the hubs to the beneifiis. As Safran, P. (2003) suggests in his

model, the recovery phase is split into differamt-phases and the drivers considered are not

the same. Indeed, in a first sub-phase, concethmgestoration, the drivers found are more

similar to those in the transition phase, with ganaveight associated with cost. In the

second phase of recovery, including rehabilitatma reconstruction, however, and in line

with the suggestion of Awan and Rahman (2010) effatient technical and material support

is important. In this phase there is a growth & tmportance of the costs in the optimal

solution, as suggested by Battetial. (2014), even if it remains less important thanetiand

Service.

The application below is placed in the second plfsecovery (rehabilitation).
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Table 2.8: Primary drivers’ comparison and prioriti es

Priority Pairwise comparison Cost Time Service
Cost 0.169 Cost 1 1/2 1/3
Time 0.387 Time 2 1 1
Service 0.443 Service 3 1 1

Table 2.9: Secondary drivers’ comparison in time banch and priorities

Priority Pairwise comparison Agility  Control Coordination  Quality  Security
Agility 0.276 Agility 1 4 3 2 1/2
Control 0.090 Control 1/4 1 1/3 2 1/4
Coordination 0.154 Coordination 1/3 3 1 2 1/3
Quality 0.084 Quality 1/2 1/2 1/2 1 1/4
Security 0.397 Security 2 4 3 3 1

Table 2.10: Tertiary drivers’ comparisons in coordnation branch and priorities

Priority Pairwise Beneficiaries Capital Infrastructures Resources Social, Cultural
comparison and Political
factors

Beneficiaries 0.180 Beneficiaries 1 2 1/2 1/2 2
Capital 0.150 Capital 1/2 1 1/2 1/2 3
Infrastructures 0.255 Infrastructures 2 2 1 1/2 3
Resources 0.336 Resources 2 2 2 1 3
Social, Cultural Social, Cultural

and Political 0.080 and Political 1/2 1/3 1/3 1/3 1
factors factors

2.6.4.Dismantling Operations in Reconstruction (Recoy#rgse).
The reconstructionoperations, such as dismantling, concern the cemiuof the relief
operations, i.e. “when organizations start pulliogt” (Van Wassenhove, 2006, p.484).
During this phase the items owned by agencies.(gugks and radios) are moved to other
areas that need support; hence, the scale of $hstdr enters the ramping down phase. In this
phase, the time and service do not have focal itapoe, while cost becomes more important,
as in the preparedness stage. Moreover, the facpgaced more on security, quality and
control, while agility and coordination do not hatree same level of importance as in the
“high-scale disaster” phases.

These results are summarized in the following &ble
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Table 2.11: Primary drivers’ comparison and priorities

Priority Pairwise comparison Cost Time Service
Cost 0.625 Cost 1 3 4
Time 0.137 Time 1/3 1 2
Service 0.238 Service 1/4 1/2 1

Table 2.12: Secondary drivers’ comparison in time tanch and priorities

Priority Pairwise comparison Agility  Control Coordinatio  Quality  Security
n
Agility 0.075 Agility 1 1/4 1/3 1/2 1/3
Control 0.208 Control 4 1 1 2 1/3
Coordination 0.168 Coordination 3 1 1 1 1/3
Quality 0.133 Quality 2 1/2 1 1 1/3
Security 0.417 Security 3 3 3 3 1

Table 2.13: Tertiary drivers’ comparisons in coordnation branch and priorities

Priority Pairwise Beneficiaries Capital Infrastructures Resources Social, Cultural
comparison and Political
factors
Beneficiaries 0.109 Beneficiaries 1 1/2 1/2 1/2 1/2
Capital 0.283 Capital 2 1 2 2 1
Infrastructures 0.163 Infrastructures 2 1/2 1 1 1/2
Resources 0.163 Resources 2 1/2 1 1 1/2
Social, Cultural Social, Cultural
and Political 0.283 and Political 2 1 2 2 1
factors factors

2.7. Real case application
In order to complete the presentation of the denisnaking procedure, a real aids distribution
case study has been developed using the approagheddn this chapter to demonstrate a
real example of the evaluation of alternatives. €ase is that of the earthquake that struck
Haiti in January 2010 (Battimt al, 2014).
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According to the United Nations’ Secretary-Generakport (United Nation, 2010), in the
earthquake that hit Haiti, January 2010, 222,5¢0pfe were killed, many thousands were
injured or permanently disabled, and 1.5 millionrevéeft homeless. For these reasons, in
order to meet the basic needs of the affected ptipnl after the earthquake hit Haiti, several
assessment teams arrived and started their work.tWwhb phases in which the problem is
tested are the transition and recovery phases.

According to Battiniet al. (2014), in a disaster such as that in Haiti, gehave to be
delivered to the vulnerable groups, including tebtankets, tarpaulins, jerry cans, mosquito
nets, food and hygiene kits, as well as more custdmee objects like kitchens and other
materials for reconstruction. For this reason, dttention has been focused on the vehicle
routing problem (VRP) in aid distribution operatsorAccording to Laporte (1992, p. 345),
the VRP can be described “as the problem of desiggaptimal delivery or collection routes
from one or several depots to a number of geogecajifiscattered cities or customers subject
to side constraints”. The typical objective of ¥RP is either the minimization of costs and
time or the maximization of the service level. Theé distribution operation that is the subject
of this case has been studied in the two diffeliéscycle phases, transition and recovery

ones, because the objective function and the irapoet of each driver change.

Using the data from Battiret al (2014), the research investigates the distributising two

different agencies: one for hygiene kits (item 4l dhe other one for food (item 2); or a co-
transportation approach in which the same agenppli®s all the items to the beneficiaries.
In this case the alternatives presented by thebagtinsist in 3 possibilities (A, B and C). The
application of the framework helps the decision arakn finding the best one just comparing

the available data and where the data is missicgnisiders the lower level of criteria.

The two-vector distribution in this case presents tlifferent solutions (see table 2.14):
A. 4 trucks and 0 helicopters for item 1 (suppliedvegtor A), 3 trucks and 0
helicopters for item 2 (supplied by vector B);
B. 4 trucks and 1 helicopter for item 1 (supplied ctor A), 3 trucks and 1
helicopter for item 2 (supplied by vector B).
Meanwhile, one-vector distribution concerns:
C. 7 trucks and 0 helicopters for item 1 and 2 inrem$portation (supplied jointly
by vector A and B).
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Then, the problem is analyzed by means of a varidti the primary drivers as presented in
table 2.14.

Two of these primary criteria (cost and servicey sourced from the VRP application of
Battini et al (2014). For the time driver, the secondary deveeed to be evaluated because
these will impact the primary driver. Thus, theeddor inter-agency coordination leads to
possible delays in terms of dependence on diffesappliers and as a result the final time
depends on the slowest supplier, while it is indeleat of the chosen transportation modality.
Thus, alternatives A and B do not require coation between the two different suppliers,
even if B requires a low level of coordination besa it uses two different vehicles. On the
other hand, alternative C does need coordinatidwdsn the two suppliers and it can,
therefore, lead to delays in terms of delivery smehe secondary criteria of control, security
and quality are the same for all the alternatiwdslst for the assessment of alternatives based
on the agility driver, an evaluation of the terniariteria is needed.

B is better than A and C, because it has more ressuand infrastructure, making the
solution more agile. The other tertiary driversr vary. As described before, agility and
coordination have a positive effect on time.

The objective of the methodology application isdfirg the best alternative possible in the
available distribution opportunities, consideringt fust one phase but the evolution of the
problem during the time frame of the operation. Theice of the best alternative is carried

out with pairwise comparisons of the differenteid.
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Table 2.14: Features associated to the differenttarnatives.

Alternatives Primary Criteria Secondary Criteria Tertiary Criteria
- . - - . i ) L Soc., Cult. &Pol.
Code Description Cost Time Service Agility Coordination Control Security Quality Capital Resources Infrastructures Beneficiaries Factors
£2328.45 98.97% foritem 1
Atrucks and 0 helicopters foritem 1 . ' no coordination is Ttrucks are traditional and rural
A 3trucks and O heliconters foritem 2 [1295.10foritem 1+ and ded bl d
rucks and O helicopters foritem neede! available roads
i’ 103335 for item 2] 91% foritem2
¥ derived from % fori
Atrucks and 1 helicopters foritem 1 €674 _45 10%foritem 1 derived from no coordination is invariable in invariable in invariable in invariable in 7trucks and2 traditional and rural  invariablein invariable in
8 3trucks and 1 helicopters foritem 2 (2906 10foritem 1+ secondary and and tertiary criteria needed alternatives alternatives alternatives alternatives helicopters are roads +landingzone  alternatives alternatives
(] i i - ingz
P 3838.35foritem2]  tertiary criteria 100% for item 2 available ¢
£2463.75 100% foritem 1 coordination in the
7trucks and 0 helicopters for item 1and 2in co- . ] ’ o Ttrucks are traditional and rural
C ) [item Land 2in co- and item's management .
transportation ) . ) available roads
transportation] 100 % for item 2 is necessary
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2.8. Sensitivity analysis: evaluation of decision robustess
According to Saaty (1980, 2008) the final stephw &valuation consist in the assessment of
the robustness of the results. To achieve thish&stmation this section is presented.
In table 2.15, the values of the different drivare proposed. The values associated with the
criteria are developed by the application of thamfework structure and pairwise
comparisons, while the ones associated with therratives from table 2.14 refer to the
considerations mentioned before. The best altemat the one with the highest priority
overall.
From table 2.15, in the transition phase, it issgmle to understand that alternative B is the
most suitable in this particular application be&usven though it has the highest cost, it
allows a high level of service. Time is studied hwihe secondary drivers. Within the
secondary drivers, agility is linked to the terniariteria; B is the most agile.
On the other hand, still referring to table 2.15,tlhe recovery phase, the most suitable
alternative becomes alternative C; indeed, thescgain in importance in relation to the
transition phase.
In order to evaluate the robustness of the anadygisof the subjective framework evaluations
and comparisons, as Saaty (2008) suggests, aiggynsinalysis has been carried out. This
analysis allows the understanding of whether therrative changes when the priorities’
values change. It considers the parameters thédr diom one alternative to another as
relationships between different criteria and betwéhe criteria and the alternatives.
The sensitivity analysis is summarized in table62ahd suggests a general evaluation of the
obtained results. The model appears very robustuseconly in a few cases does the best

alternative changes.
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Table 2.15: Proposed weights per criteria and alterative, associated to the phases

EMERGENCY (TRANSISTION PHASE)

primary criteria Cos Time Service
0.078 0.487 0.435
8 L Agili Coordination Control Securi uali
ko secondary criteria Oggl;yg 0141 0079 03 47|ty (g 07'2/ Overall
6 . Soc., Cult. & . ' ' : Priorities
. . Captital Resources Infrastructures Beneﬁciarieig v )
tertiary criteria ol. Factors
0.115 0.359 0.216 0.222 0.088
é Alternative A 0.466 0.333 0.250 0.250 0.333 0.333 0.429 38.3 0.333 0.333 0.200 0.284
IS
g Altemative B 0.101 0.333 0.500 0.500 0.333 0.333 0.429 0.333 0.333 0.333  .4000 0.367
<  Aternative C 0.433 0.333 0.250 0.250 0.333 0.333 0.142 33.3 0.333 0.333 0.400 0.348
REHABILITATION (RECOVERY PHASE)
primary criteria Cos Time Service
0.169 0.388 0.443
o — — - -
5 secondary criteria '892"?/6 Cogrigl:tlon (‘E)oggol Soe;:;r?lty ggzlgy Overall
6 . Soc., Cult. & . . ' : Priorities
. . Captital Resources Infrastructures Beneﬁciarieig v )
tertiary criteria ol. Factors
0.149 0.336 0.255 0.18 0.08
_§ Alternative A 0.466 0.333 0.250 0.250 0.333 0.333 0.429 38.3 0.333 0.333 0.200 0.297
b
g Alternative B 0.101 0.333 0.500 0.500 0.333 0.333 0.429 33.3 0.333 0.333 0.400 0.340
< Altemative C 0.433 0.333 0.250 0.250 0.333 0.333 0.142 0.333 0.333 0.333  .4000 0.363
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Table 2.16: Sensitive analysis associate to the Régplication in aids distribution

Scenarios C

Scenarios A Scenarios B secondary criteria Scenarios D Scenarios E Scenarios F Scenarios G
. rimary criteria secondary criteria [Capitl, R?e/sources Priorities of Alternatives base  Priorities of Alternatives based Priorities of Alternatives base  Priorities of Alternatives based
5 [Copst Tige Service] [Agiity, Coordination, Inﬁastru’?:tu;es Beneficiaries on COST on COORDINATION on RESOURCES on INFRASTRUCTURES
< ' ’ Control, Security, Quality] Soc.Cut &P’OI Factors] ' [AtA, Att B, At C] [At A, Att B, Alt C] [At A, Alt B, Alt C] [AtA, At B, Al C]
z .Cuk. .
z
o — T =
5 S 5 ~ = = =
3 S s S = g 3
S > .
z g ¥ < 3 3 & g g ¥ ¥ 07 ¥ g Z = & 9 = & 9
© S oS ° i o b= e oS o = S o S o S S A b= S A =
E Based s s ") o < - ™) "~ s s ) _ ) s ") s s s s s 8
. ) 5 < ~ o < N o o) ) = o ] < < < ) ~ < ) ~
S Scenario o g o S} 5 p= S s} P = s} s} s} o S} IS} IS} s} IS} IS} S
2 Exq g G &4 S S g 9 < 5 5 ¢ § & < ¢ ¢ 4 4 9 d 4
G = S S S ] )= e < s S S S S =3 S, (=) (=) S, = = S,
14 = © - — — -
u o < 0 o S o
z = o S = = =
] =)
Alternative A 0.284 0.278 0.287 0.298 0.289 0.281 0.277 84.2 0.283 0.283 0.286 0.283 0.280 0.278 0.282 0.285 0.287 10.28.277 0.286 0.282 0.280
Alternative B 0.367 0.376 0.361 0.347 0.368 0.367 0.370 0.367 0.368 0.370 0.363 0.371 0.375 0.3623650 0.369 0.361 0.374 0.380 0.364 0.371 0.375
Alternative C 0.348 0.346 0.351 0.355 0.345 0.351 0.354 0.349 0.348 0.347 0.350 0.346 0.344 0.3593520 0.346 0.352 0.345 0.342 0.350 0.347 0.345
Scenarios A Scenarios B sefgr?g:msr?eria Scenarios D Scenarios E Scenarios F Scenarios G
m rimary criteria secondary criteria Canital R?e/sources Priorities of Alternatives base  Priorities of Alternatives based Priorities of Alternatives base  Priorities of Alternatives based
2 c pt T_ry Sori [Agiity, Coordination, . t . pt e oot on COST on COORDINATION on RESOURCES on INFRASTRUCTURES
T [Cost, Time, Service] Control, Security, Quality] nsiscrgi;;;'o | i“aito'fsr;es' [At A, AltB, At C] [AtA, At B, Al C] [At A, Al B, At C] [At A, Al B, At C]
>
o
w —_— —_— —_ > —
3 3 3 3 S 3 3
O IS] IS] IS] © IS] S
w —_— —_— —_— 3 3 35 @ S - —_— —_ — — — — —
3 g g 3 8 8 8 2 % 5 g T 8 2 = 2 7 § 2 7w T 2
= S o o S S S " S = o s < s o s S S o S S S
IS) Based - - - o o < v} ~ - - ) - 9 ~ ) ~ - - A a -
= . q 5 N S S S « N N 8 b N «@ < < < © ~ < © ~
= Scenad g 2 & s s S 2 5 S 3 ¢ ¢ & S S S S S o S 9
E Eoxq S & s 0§ &5 9 & ¢ & 5 ¢ ¢ g 3 ¢ 4 d g g d 4
o (=} [=3 [=3 [} =} o e S < [=3 [=3 [=3 [=3 = [=3 = = [=3 = = [=3
< i 1 3 ) g =
z s 8 s = s e
o4
Alternative A 0.297 0.283 0.303 0.323 0.302 0.296 0.293 91D.2 0.297 0.297 0.303 0.294 0.289 0.292 0.295 0.298 0.299 50.29.293 0.298 0.296 0.294
Alternative B 0.340 0.360 0.331 0.302 0.340 0.341 0.343 0.340 0.339 0.340 0.331 0.3483570 0.335 0.338 0.341 0.336 0.343 0.347 0.337 0.343 0.345
Alternative C 0.363 0.357 0.366  0.375 0.357 0.363 0.363 0.363 0.363  0.363 0.366 0.3573540 0.372  0.366  0.360 0.365 0.361 0.359 0.364 0.362  0.360
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A key impact of these results is to underpin thespective that leads us to consider the whole
operation as a continuum in which the priority @sst@d with each driver changes in relation
to the life-cycle phase. These results emphasieeirttportance of a general hierarchical
framework that could help in standardizing the dagtinvolved in the decision process and
realizing the priority associated with the partazukvent. Presenting the specific weights
associated with real operations was not the oledi this study; rather, the intention was to
introduce and explain the framework and its appiids in the possible applications.

The further intention is to assist the reader idaratanding how the weighting changes in
relation to the issue and the phase consideredoiltg so, it is recognized that moving from
one case to another can lead to different resaitd,that these may depend on the decision
makers involved in the multi-criteria decision. Theal case provides an example of the

decision making application and the sensitivitylgsia demonstrates its robustness.
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3. Last mile distribution problem in Humanitarian

Operations

Transportation is a key element of delivery andriany NGOs, UN agencies, and other
humanitarian organizations, vehicle fleets represiea second largest overhead cost after
staff expenses (Disparte, 2007). Hence, in thisptexenvironment a growth in terms of
efficiency has not just to be seen as cost savirtgalso as a service level increase and
therefore a better performance in terms of sodatsas suggested by the literature.

The particular “humanitarian environment” makesidtigs a challenging field. Humanitarian
logistics has the challenge of allocating scare®ueces to complex operations in the most
efficient way (Van Wassenhove and Pedraza Marti@®4,2), while considering invisible
and/or qualitative factors (Van Wassenhove, 2006ler severe restrictions and random and
imprecise information (Barbarosoglu and Arda, 20043 previously mentioned, notable
attention has been paid to the distribution prolslewhere traditional approaches fail due to
all the particularities of humanitarian operatiorisdeed, in the last mile distribution
problems, not just economic factors, but also $of@ators are significant in the relief
operations, where the purpose “is to rapidly previde appropriate emergency supplies to
people affected by natural and manmade disastees 90 minimize human suffering and
death” (Balcik et al., 2008).

The main objective of the research concerns theldpment and application of a modified
last mile distribution model to a real case stusharting from the collection of data and
estimation of item demands, as well as real apgdicaof the model, and finally carrying out
a sensitivity study of logistic costs and perceatafjshortage varying the fleet, its capacity,
and the introduction of co-transportation modalifyhe applied model is a conceptual
evolution of the one developed by Balcik et al.Q&)Q) whose author reported only a simple
numerical example.

First, the improved model is proposed in orderttalg the logistic costs in function of the
available vehicles, with no shortage permitted. $&eond part covers an important analyzed
variable: the possibility of co-transportation, sees “different conveyers/suppliers transport
their goods in only one truck” (Hageback and Seagdts2004). This kind of distribution has
often been highlighted by the humanitarian expentsconferences and interviews as
contributing to improved performance of operatiahshe same time. The last part deals with
the situation of shortage in function of limitedpeaity of fleet, in order to understand how

the service is related to the logistic systems.
49



3.1. Literature review

In this section | introduce both the main humamaartopics and the relevant literature in
order to highlight how humanitarian operations sarppg the planning and execution of the
disaster relief constitute a relatively new fiekbyacs and Spens, 2007).

According to Van Wassenhove (2006), in humanitadparations there are many areas that
can be successfully explored by academics andenatipns research. All of these areas can
be associated with the supply chain management tapd it is possible to find more sub
topics, which are specific to improvement of themlamitarian supply chain performances.
Some examples of these issues, as suggested by asseWhove (2006), are the last mile
problem, the partnership between humanitarian andtp sector together with the project
management, risk management, systems and techndiegjgn and optimization, process
standardization, performance measurement and ¢ontro

At the same time, as widely suggested in the lileea the humanitarian operation can be
considered as having different stages, each of twhies its own objectives (Kovacs and
Spens, 2007; Charles, 2010; Peretti, 2011). IfAisater the characterization by Holgui n-
Veras et al. (2012), where the humanitarian opmmais split into regular humanitarian
logistics (R-HL) and post-disaster humanitarianidogs, the author presents the main
differences between these two phases and the canamdogistics. According to this
research, it has been decided to place the exaomnat the development phase of the
operation, namely in the R-HL. This choice has beade because the post-disaster phase is
considered too messy, and so it is not possibleai® clear data about it. These data are
fundamental for the application of the model beldw.fact, in the literature, the high
difficulty of acquiring reliable data has been uried (Van Wassenhove and Pedraza
Martinez, 2012) in the slogan “data is the beds#e( 2010).

The present research examines the last mile proafemin particular, the fleet management,
coupled with material distribution modalities, iidied. In the scientific literature, the last
mile problem is widely faced in order to improvefpemances because “inefficient deliveries
in this last mile of supply chain have led numerbusiness collapses as well as a substantial
increase in delivery costs” (Boyer et al., 2009r Fis reason in 2009, Taubenbotck et al.
present an interdisciplinary approach for the ha¢ preparation for a potential disaster while
Van Hentenryck et al. (2010), always in last mil@ce the single commodity allocation
problem for disaster recovery. This work focusses tbe transportation because it is
considered as a cornerstone of last mile dist@ouproblem, as Balcik et al. present in 2008.

Field vehicles are used to transport humanitarieif,said items, and materials in an
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environment where no vehicles means no aid (Vansérdsove and Pedraza Martinez, 2012).
In a complex environment, usually under conditiaesguiring the allocation of scarce
resources (Altay and Green, 2006), according tpl&tian et al. (2009), “the potential saving
from implementing operations research models camskd in improving the social welfare of
populations need,” so minimizing human sufferingl dne loss of lives. At the same time,
when considering the importance of transportatwhich is seen as an important key to
reduce the social, economic, and environmental aisp@erkoune et al., 2012), it is possible
to understand how the last mile problem faces lbth economic and social problems
associated with the situation after disasters.

There are some models associated with distributidrumanitarian operations. Knott (1987)
considered the last mile delivery of food itemsnir@ distribution center to a number of
camps. Haghani and Oh (1996) introduced a multirnordity and multi-modal network flow
in the discussion, while Barbarosoglu et al. (2008omposed the problem hierarchically
into two sub-problems, focusing on a determinisiingle period model to optimize helicopter
distribution. In 2004 Barbarosoglu and Arda adop#&edtochastic multi-objective single-
period model with an example of its applicationngsdata from a real earthquake in Turkey
in 1999. Finally, in 2008 Balcik et al. developedhadel that considered different relief items
with different demand characterizations and criitigaof supplies in resource allocation.
Further, they considered the complexity of the mmment and the uncertainty of the
humanitarian operations. Other authors can be fautiak literature review by Caunhye et al.
(2012), who consider the optimization models alelief distribution.

The model applied in this script optimizes resowibecation and vehicle routing decisions in
a real case, the well-known Haitian case, on a rurobtest problems.

3.2. Modified last mile distribution models

Typically, last mile distribution problem concertie study of distribution in the last part of
the supply chain. In this particular situation, thmst important goal is to improve the
performances in order to supply the aid to the heilages without inefficiencies, due to the
high cost of unsatisfied demand (Balcik et al. 2008ubenbdck et al., 2009).

Known the amount of demand, the available routevolds and the different transportation
modalities, the problem is to define the most comet distribution plan, meant as relief
supply allocation, vehicle delivery scheduling, arethicle routing, as defined by Balcik et al.
(2008). For more details, the readers could seeeytptanation included in Balcik et al.
(2008).
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The two models applied in this research are a qoakevolution of the mixed integer model
recently developed by Balcik et al. (2008). The amthese models was to develop an
efficient resource allocation mechanism that miagsi suffering, while achieving equity in
relief aid distribution among affected areas.
In this present work, it has been modified in ortlemaximize the beneficiaries and minimize
transportation costs, by optimizing resource alioceand vehicle routing decisions.
The main differences of the two models from the praposed by Balcik et al. (2008) are the
following constraints:

1. No shortage is accepted (present in the first mbeieiw).

2. Limited Resources Capacity (present in the secoodiefrbelow).

Moreover, Balcik et al. (2008) reported only a sienpumerical example. In
comparison, this chapter aims to apply a mathemdatiodel using real assessed data from
the Haitian case study.

The purpose of the evolution of the model is taroj#te material deliveries involved in a real

relief operation, considering also co-transportatisodalities with different costs, capacities,
and routes are considered.

The first model considers the possibility of detimg aid using two kinds of vehicles, trucks,
and helicopters that have different costs and praniation times. The zero shortage condition
is a model constraint, and the cost of the fleetxisressed in function of the kind of vehicle
applied during the relief operation. Then, | expldhe impact of variations in available

logistics assets, modifying the objective functéord relative constraints.

In the next stage, the second model includes ardifit objective function to minimizing the

shortage. Indeed, the aim is to maximize the le¥eskervice to people receiving aid from the

organization, by varying the number and type oficles used.

3.2.1.Models Formulation
Sets
T set of days in the planning horizon; length of the planningihon
K set of trucksk
R* set of routes® for trucksk
H set of helicopterk
R™ set of routes™ for helicoptersh
E set of demand typesE = {1,2}

N set of all demand locations
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N« set of demand locationwisited on route’® € R¥

N.» set of demand locationwisited on route’” €R"

Routing parameters

C «, cost of route for truckk € K

C,n,, COSt Of route-” for helicopteh € H

qx capacity of truckk & K (amount of demand)

qn, capacity of helicopten & H (amount of demand)
T, duration of route’* €R¥ for truckk € K

T, n, duration of route-® €R" for helicopteth € H
M, available time of truck € K

M, available time of helicoptdr = H

Demand parameters

df, demand of type at location € N on dayt € T (amount of demand per day)

Pf, priority index ofe € E relief supplies to deliver to locationr= Non dayt € T

akf amount of typee € E relief supplies arriving to the truck LDC (Localdbiibution
Center) at the beginning of day T

ahf amount of typee & E relief supplies arriving to the helicopter LDC hetbeginning of

dayte T
Routing decision variables

Xk :{1 if route rk e Rk isused by truckk € Kondayt € T
0 otherwise

1if router™ € R"is used by helicopter h € H
Xy hpe= ondayt € T
0 otherwise

1if locationi € N is visited by a truck during
N = the route r® € R¥
0 otherwise
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1if locationi € N is visited by a helicopter during
N k= the router™ € R
0 otherwise

Delivery decision variables
Yiikrk amount of demand of typee E delivered to locatiom €N, on dayt & T by vehicle

k € K via routerk € Rk

Y.‘;hrh amount of demand of type< E delivered to locatiom €N, on dayt € T by

L

helicopterh € H via router® € R"

S ¢ percentage of unsatisfied typelemand at location& N by dayt € T

3.3. Minimal theoretic number of vehicles

As discussed in the previous sections, the numbeawvailable vehicles is one of the most
important aspects to consider when seeking tofgatisthe demand points without incurring

a shortage.

Since the accuracy and the availability of dataualsemand, LDC, and locations are very
low, it is useful to estimate the minimal numbervehicles based on assessed data at the
beginning of the study, in order to design the edrdimension of vehicles fleet.

| introduce a simple formulation to assess the mahitheoretical number of vehicles using

the following simple estimated parameters:

df, demand of each type of item;
- T,« the average route in time for trucks;

- T, the average route in time for helicopters;

Typically, the managers of humanitarian organizeticestimate the first parameter by
multiplying the expected beneficiaries of each yred location and per capita consumption
of each item.

As regards route data, they are assessed studwengad and air network composed of the
positions of beneficiaries’ locations and LDCs.

After assessing these parameters in the first pbasee last mile distribution problem, the

minimal theoretical number of vehicles is compuaedollows:
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7 ZeZidie
Zye = |5 [1]

7 ZeZidf
Zpe = |50 [2]

These formulas assist in making an estimation efnilimber of vehicles, both trucks [1] and

helicopters [2] that are necessary to satisfy tiizeedemand.

3.4. Last mile distribution model under no-shortage congaint
The formulation of the first problem model is:
FO = min( Xk ¢ gk Xkek LteT Cie X ieje Dirh ¢ gh LheH MteT ConpXphpy )

[3]

Constraints:

YienZeegSit =0 vt €T
[4]

St = df, - Y Vi € N,t €

T,e € E [5]

e __ e e .
Yie = Zrk e Rk ZkEK Yitkrk xrkktNirk + Z:rhERh ZhEH Yithrh xrhhtNirh Vi € N,t €

T,e € E [6]

Yirk = Xeek Zien Yl-ikrk Xk Nk < Qi vt € T,k € K,7% € R*
[7]

Yrh = Xeek Dien Yiihrh X hpeNipn < qp vt € T,h € H,r"* € R"
[8]

ZrkERk xrkktTrkk < Mk Vk € K
[9]

ZrhERh xrhhtTrhh < Mh Vh € H
[10]

ZrkeRk YlieN LkeK LteT Yiikrk < Mter ak{ Ve € E
[11]

ZrheRh 2lieN ZheH MteT Yiihrh < Xierah{ Ve € E
[12]
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Yo x>0 Vi € Nt € T,k € K, v* € R¥,e €
E  [13]
Y. 20 Vi € Nt € T,k € K, v"* € R" e €
E  [14]
X,k € {0,1} vrk e RFk e K, t €
T  [15]
x,np € {0,1} vr e R h e H, t €
T  [16]

The objective function [3] minimizes costs assaatwith trucks and helicopters and
considers both a truck and helicopter delivery.

The assumptions of the problem are based on theslnmioduced by Balcik et al. (2008),
who consider the typical routing problem constintthe humanitarian field.

In more detail, the first constraint [4] means ttreg unsatisfied demand has to be zero. This
constraint allows to be studied at this stagetjusicosts and not the shortage variation.
Constraint [5] finds the amount of unsatisfied dathand it implies that the demand of a
location is completely satisfied by the deliveredoaint expressed by the next constraint [6]
that indicated the number of iteraslelivered locatiom on dayt.

Constraints [7] and [8] consider the capacity lifimit trucks and helicopters, while [9] and
[10] concern the available time in the time windfow both of the vehicles, and;,, andM,,

are the number of minutes available in the day dach kind of transportation mode.
Constraints [11] and [12] are the number of itemssent in truck and helicopter LDCs.
Constraints [13] and [14] are non-negativity coaistis, while [15] and [16] define the binary

routing variable.

3.5. Model under limited resource capacity constraint
The aim of this part of the research is to studyrttodel behavior in the presence of limited
resource capacity in humanitarian logistics opereti so to understand the variation of the
shortage and the relative cost for all thkems considered in the whole planning horizon in
function of the number of the available trucks dmaicopters, calculated in the range of
values assessed using formulas [1] and [2].
In this case the objective function changes as\i!
FO = min ¥ ep Xien Leer PicSic

[17]
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it is subjected to almost all the constraints seetie previous part, without considering the

constraint number [4], but with one more constiadicated as follows:

0 < S <dj Vi € N,t €
T,e € E [18]
The constrain [18] suggests that the level of slg@wtcan vary from 0O, in the case that every

beneficiary is satisfied, and the demand of the gt the node at the timd.

3.6. The Haitian Case

According to the United Nations Secretary-Genergport, which was published on
September 2, 2011, the earthquake that hit Haitlanuary 2010, measuring 7.2 on the
Richter scale, affected almost 3.5 million peoftithas been estimated by the Government of
Haiti that the earthquake killed 222,570 and imjuamother 300,572 people. At least 188,383
houses were badly damaged and 105,000 were dedtimydhe earthquake. Almost 60
percent of the Government and administrative bagdj 80 percent of schools in Port-au-
Prince, and 60 percent of schools in the South \Aledt Departments were destroyed or
damaged. The total related loss has been estirma®d 8 billion, more than 120% of Haiti's
2009 gross domestic product.

For these reasons, in order to meet the basic neletise affected population, after the
earthquake hit Haiti, several relief teams arrivaadl started their work. United Nations
agencies, for example, as well as the Internati¢maleration of the Red Cross and Red
Crescent Society started to prepare the deployofdeams and humanitarian assistance.
The organizations that will be considered in thisccke are WFP and UNICEF, while most of
the data used come from WFP documents (WFP Operdtiouments — Haiti) or interviews
with WFP’s operators. The WFP is a United Natiogereey that is focused on food planning
and food deliveries to nutritionally vulnerable gps. Indeed, it is the leader of the food
cluster, the logistic cluster, and the Emergencyed@mnmunications cluster. UNICEF,
instead, is the leader of the Education, Watert8aomn Hygiene, and Nutrition clusters (for
more information about the cluster see Jahre ams$ede 2010 and the United Nation
website). For both the United Nations organizatithresoverall objective is to “save lives and
protect livelihoods in emergencies” in their oweldis.

In a disaster such as that in Haiti there are m#gms that have to be delivered to the
vulnerable groups, including tents, blankets, talipa, jerry cans, mosquito nets, food, and
hygiene kits, as well as more cumbersome ones Kikehens and other materials for

reconstruction. Here, hygiene kits (called “itemafd food (called “item2”) will be taken
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into consideration (they are homogeneous itemsst@pe and size). This choice has been
supported by the documents analysis and by thethacttthey are provided by two different
organizations: UNICEF supplies hygiene kits, wWMI&P delivers food consumption. Thus, it
is possible to understand what should happen wiendre provided at the same time with a
good level of coordination between organizations.

As argued by Balcik et al. (2008), during the rfetiperations there are some features that can
bring more problems than during commercial distidbu These characteristics are “the
unavailability/scarcity of resources (time, supglipersonnel, vehicles, transportation, and
communication infrastructure) and the high stakesoaated with delivering supplies
(suffering and/or loss of life)”. If 1 consider #)iaccording to the official United Nations
document, even before the earthquake, the transpgastructure was very poor, it is easy to

understand how challenging the delivery of reliefris to beneficiaries can be.

3.6.1.Data

One of the most important issues in the humanndredd concerns the data. Usually, they are
incomplete, scarce or completely missing. Typicalhe severity of lack of data is higher in
the post disaster phase than in the developmesepRar this reason, | place the research in
the regular humanitarian logistics (R-HL) stage.

The case study is based on data present in docameaetived by the WFP association (World
Food Program), and data present on the logiststeiuwebsite and derived from one-to-one
interviews with WFP operators in Italy and WFP Bigis operators in Haiti. This research
uses data on the demand for two kinds of item &edfeatures of the considered vehicles
(truck and helicopter) used in the distributionrtRarmore, it uses information about the aid
distribution in Haiti.

The Republic of Haiti is a Caribbean country and divided into 10 departments for reasons
of administration. This case is focused on thelseaist department, whose capital is Jacmel,
one of the areas most affected by the earthquake.iiidependent kinds of LDC have been
considered: the LCD for the trucks is in Jacmeljlevithe helicopter one, for emergency
flight, is situated in Port au Prince. The munitiggs — and the respective districts —
considered as demand points, are Bainet (A), L&¥4B), Trouin (C), andétes-de-Fer (D).

The situation and data are presented in figureBdLtable 3.1.
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Goste e la Gonave . R ')

B-C-D-E = Demand

Figure 3.1: Truck depot and demand points in soutleast department in Haiti.

Table 3.1: Input Data (A-Bainet, B-La Vallee, C-Trauin, D-Cétes-de-Fer)

) ) Matrix of distances for helicopters
Demands [kg] Matrix of distances for trucks [km]

(km]

DI D2 ILD¢ A B C D ILb,¢6 A B C D
LDC, - - - 45 16 41 79 - - - - -
LDC, - - - - - - - - 66 52 43 86
A 40183 24243 45 - 46 73 34 66 - 14 24 24
B 22710 13701 16 46 - 44 80 52 14 - 10 66
C 16878 10183 41 73 44 - 107 43 24 10 - 43
D 11167 6737 79 34 80 107 - 8 24 66 43 -

Total 90.937 54.863

Following the two-phase approach introduced by iRadt al. (2008), in the first phase all

available routes are defined for each kind of Mehiconsidering the hypothesis of a four
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nodes distribution (figure 3.1). All the routes dmeown a priori and are based on road
network data.

Afterwards, the expected sets of vehicles, for daect, have been estimated using formulas
[1] and [2]. For example, using formula [1] withrdand of 90.937 kg for item 1 and 54.863
kg for item 2, average route for trucks equal td 88nutes (it considers load and download
time), M,, minutes in a day equal to 647 minutes (480 minphes half of the average route),
and capacity of vehicles is 10,000 kg, the minithabretical number of vehicles respectively
for item 1 is equal t§4.69 | = 5, for item 2 is| 2.83 | = 3.

For helicopters, the average route is equal torbitutes and¥,, minutes in a day equal to
555 minutes (480 minutes plus half of the averamde), while in this case capacity of
vehicles is 3,000 kg. Then, the minimal theoretiaahber of vehicles respectively for item 1
is equal td 8.19 | = 9, for item 2 is[4.94 | = 5.

In the case of co-transportation strategy, the mahinumbers of vehicle are respectively
equal to[7.52 | = 8 for trucks and13.13 | = 14 for helicopters.

This number gives an idea of the number of vehifdeshe routing problem without the need
for accurate detailed data. It could be possibledwnsider even the probability to use each
route, seen in function of the needs per each niaderder to perform more effectively the
results of the formula.

Finally, in the first phase, the costs associatéti wach kind of vehicle are estimated by
several interviews as 1.50 €/km for the trucks, Bdé/km for the helicopters.

Continuing the two-phase approach, starting froeligt of candidate routes and the related
travel times, the available number of vehicles, tiedassociated cost, in the second stage the
modified models introduced in the previous sectiane been applied considering the items
demands of each location, the volume capacity,th@davailable time for each vehicle under
no shortage constraints.

3.6.2.Application to the Haitian case
The application of the model under no-shortage ttamé has underlined that, with an
average speed of 50 Km/h, the optimal solutiondiovdr the item 1 is performed by 5 trucks
and O helicopters with 1.532,2&/day of total cost, while to deliver item 2 the optimal
solution is 4 trucks and O helicopters with 1.278/8ay of total cost (figure 3.2 and figure
3.3). The model is solved using GAMS/Cplex on a &glipped with an Intel CORE
i3processor and Windows 7. The following sectionveh the graphics of the solutions in

function of the available vehicles where the castes with the variation of number of
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available trucks and helicopters, considering abvayzero percent of shortage, because the
two kinds of vehicles have different costs per kmthis application, it is possible to note that
the most important data are regarding the distiobubdf the demand, calculated from official
documents and the distribution of the populationtia disaster area, the position of the
depots, taken from official documents and mapsitypes of vehicle delivered in this kind of
situation, and all the available routes for theivieis.

40000

Cost [€/day] - Item 1: Food Kit

36000
32000
28000
24000
20000 -
16000 -
12000
8000
4000

0
Helicopters 0 1 3 6 7 9

Trucks 5 4 3 2 1 0

Figure 3.2: Food distribution cost increases in fuction of the type of available vehicle.

24000
Cost [€/day] — Item 2: Hygienic Sanitary Kit

20000

16000 -

12000 -
8000
4000

0
Helicopters 0 1 2 4 5

Trucks 4 3 2 1 0

Figure 3: Hygienic-Sanitary Kits distribution cost increases in function of the type of
available vehicle.

Figures 3.2 and 3.3 show two examples, for diffeitems, of the increase in costs relative to

the types of vehicle used. The increase is notydwWiaear because in some situations the

organization needs to use more helicopters tofgdhie lack of an available truck. The first
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column of each example considers that the delil@done with trucks; it shows how many
trucks should be used to cover the demand. The euaotlirucks decreases, while the number
of helicopters increases. This means a non-lineartty per truck decrease.

3.6.3.Impact of co-transportation

According to the answers received from some laggstexperts in Haiti, usually the

distribution of different products is made sepdyaby the organizations that are employed,
as leaders of the clusters, for example, in therildigion of those kinds of products.

Therefore, in this case, as previously explained)QEF supplies hygiene kits while WFP

delivers food. In this section | focus on the cansportation of both food and hygiene kits.
The results are presented in figure 3.4.

The graphic shows that it is possible to use jeses trucks with 2463.75 of total cost to
deliver both the products, while if | consider twidferent transportations, it requires nine

trucks with 2802.75 of total cost (these data ctnove the previous example).

60000
56000
52000
48000
44000
40000
36000
32000
28000
24000
20000
16000
12000
8000
4000
0

Helicopters 0 1 3 6 8 10 12 13

Cost [€/day] — Co-Transportation of Item 1 & 2

Trucks 7 6 S 4 3 2 1 0

Figure 3.4: Co-transportation cost increases in fuction of the type of available vehicle.

This result leads to a consideration of the codpantation in order to have a higher level of
cost performance even if, as suggested by Rodrigtied. (2007), there are some other
factors that can limit the co-transportation. Aatiog to Rodriguez et al. (2007), these factors
can be the volume, weight, shape, and fragilitghef items and should be checked. On the
other hand, the benefits concern the minimizatién‘t@nsportation costs and increase
delivery service” (Hageback, C., Segerstedt, AQL) These results are obtained from the

model in terms of reduction of costs and a higlexfggmance in service level. Indeed, the
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total cost of co-transportation is lower than thensof two different transportation ones and
the total number of needed vehicles is lower. Théans it is possible to have a higher level
of service with the same size of fleet.

3.6.4.Impact of limited resource capacity
In this case, the application of the model undeitkd capacity constraints allows noting how
the total cost and the shortage can change iniimaf the number of available trucks and
helicopters. Figure 3.5 and figure 3.6 concern Faredl Hygiene Kits respectively.

40000 100,00%
Total Cost and Shortage — Item 1: Food Kit
36000 90,00%
= Total Cost
32000 80,00%
= Total Shortage
28000 70,00%
24000 60,00%
20000 50,00%
16000 40,00%
12000 30,00%
8000 20,00%
4000 . 10,00%
. 0 . L I o.m
Helicopters 0 o 1 o 1 2 3 0o/1 2 3 4 5 6 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 8 9
Trucks s 4 3 2 1 0

Figure 3.5: Variation of cost in function of the type of available vehicle for Food Kit.

24000 120%
— Total Cost and Shortage — Item 2: Hygienic-Sanitary Kit SO0
m Total Cost
¥ Total Shortage
16000 80%
12000 60%
8000 40%
Helicopters 0 0 1 0 1 2 0 1 2 3 B 0 1 2 3 4 5
Trucks 4 3 2 1 0

Figure 3.6: Variation of cost in function of the type of available vehicle for Hygienic-
Sanitary Kits.

These graphics give us an idea of the marginab@sociated with a service level reduction.
Moreover, it suggests what the best option camlierms of costs, considering the same level
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of shortage. According to some interviewed humaiaiteoperators, if just cost considerations
are made, the best result is achieved using trusikge the humanitarian organizations

usually work under economic constraints. But in sarases, it could be useful to consider
helicopters, when the distance or the accessilidityre location requires too much time or if

it is not reachable by road. Furthermore, the gapm figure 3.5 and figure 3.6 show the

impact of the logistic system and of the fleet loa $shortage.

The variables in these two figures (3.5 and 3.8) tae number of available vehicles. The

number of vehicle varies from the maximum numbeirwéks to zero, defined using formula

[1]. Moreover, in each section of the pictures tinenber of available helicopters varies from

zero to the maximum number of necessary helicopieexied to satisfy all the demands,

using formula [2]. These variations help the readeunderstand how the shortage and the

costs vary in function of the available fleet.

3.7. Last mile in humanitarian logistics: a discussion o results

According to Kovacs and Spens (2007), the reseéimdi of humanitarian logistics is
relatively new, which, as Van Wassenhove and PadMartinez (2012) underline, faces
problems that have been successfully studied ipéisé The purpose of the present work was
to investigate the last mile distribution problem droviding an analytical model and a case
study to assist relief decision makers in effectind efficient distribution across the last mile.
Initially, the first introduced analytical model en extension of the model developed by
Balcik et al. (2008). It was modified to considée tdistribution problem relating on the
variation of outputs, no-shortage constraint, aost in function of the number and type of
vehicles in the fleet. Then, the basic approachpms®ed of two phases introduced by the
Balcik et al. (2008) model was used. In the firlsage, the required data were collected and
estimated, such as the demands, the route netaodkthe theoretical number of vehicles. In
the second phase, the extended model was appliéer umo-shortage constraint. Finally,
relaxing this last restriction, the limited capgaif vehicles and its impact was studied using
the second model above introduced.

The results obtained show that the fleet costeas® not linearly in function of the number
of helicopters an organization needs to satisfyléic& of trucks. Furthermore, the research
reveals that the variation in available fleet afeshortage and costs. These models can be
applied in real operations in order to show how mwan be saved in function of the
considered vehicle typology and then the servieelledefined as shortage. This leads to
understand what the best way would be in procegbmglistribution with the lowest level of
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cost and which could be the implication in termaft and shortage in conditions of limited
resources capacity.

Moreover, this research computed the performancehef delivery system when a co-
distribution of different kinds of products is ajgal. These levels of performance are the same
as those suggested by Rodriguez et al. (2007) agedbdck and Segerstedt (2004). The kinds
of products considered in this case study are hemsgus in dimension and shape.
Moreover, additional considerations, such as tlesgnce of standard and modular packaging
systems or the collaboration between humanitariasters, should be included and further

discussed to determine the real feasibility of draasportation.
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4. Vehicle routing problem heuristics in humanitarian

operations

Vehicle Routing Problem (VRP), a subject widelycdissed in the literature, is the processing
of logistic costs in order to achieve a distribotgoal with the minimum level of costs or the
highest level of saving. The many approaches censugjistic costs, seen as costs, distances
or times, as the critical factors that should benimised to achieve a target level of
performance. These methodologies can be applidteihumanitarian or private sectors (Van
Wassenhove, 2006), of course considering the diffegs between the two fields.

In humanitarian operations not only costs shoulctmesidered (Oloruntoba, 2005, Kovacs
and Spens, 2007). Indeed, some other aspects dwslddied (Huang, M., et al. 2012). This
particularity is well-introduced by Holguin-Verasa. (2012), who present and develop the
differences between Commercial (C-L) and Humaratadogistics (HL, both Regular and
Post-Disaster ones). Moreover, in this chapteriqdar humanitarian features, such as social
costs, defined as the sum of logistics costs (@) @eprivation costs (DC), are presented and
the real goal of the objective function underlined.

The main problems arising in the literature conceythe process are the non-linearity of the
deprivation function, the inadequacy of minimisingst unmet demand and using hard
constraint limitations associated with some modsdsargued in Holguin-Veras et al. (2013).
Since social costs are the sum of deprivation agitics cost, the objective of this research
Is to introduce two heuristics in order to consitlfegse costs as a function of the capacity
level. In fact, it is well known that for high leigeof capacity (example > 100%) the
traditional VRP solving approach can be used vhthdoal of minimising the logistics costs.
On the other hand, for low levels of capacitysitmportant to consider deprivation costs, due
to their exponential function. It is logical to assthe presence of a middle region of capacity
where the two costs can be compared and havedortsedered jointly. The final objective of
the research is to understand how to weigh thetmisnimited capacity region.

The first heuristic introduces the prioritisatiomargmeter, called\;, which considers just
deprivation costs and its growth if the node isyedror not. This allows understanding which
node has to be supplied. From this first solutiomcpdure, | define the middle region, where
the deprivation and logistic costs are comparable.

Then, for this middle region, the second heuristbines logistic costs and deprivation

costs during the prioritisation thanks to the idtrotion of a smoothing variablex".
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This variable helps explain how the prioritisatioan vary in function of the available
capacity level and what the achieved final levelcosét is (for delivered and undelivered
items) for each type of prioritisation. The applioa will show the most suitable value &f
that minimises the total social costs as a funatiotine capacity level.

Finally, different deprivation cost functions amaéysed in order to generalise the results and

to give helpful guidelines in choosing a suita@glealue.

4.1. Literature review
In the last decades the humanitarian context has bécussed in the literature by many
authors (Van Wassenhove, 2006, Kovacs and Spe@g, &alindo & Batta, 2013) who have
introduced the subject, explained the featureschiatlenges and presented some case studies
(Gatignon et al. 2010, Pedraza-Martinez, 2011, Grext al., 2013). In this particular
environment, a relatively new research field, sdraditional supply chain issues have been
analysed, for example, facility location (BalcikdaBeamon, 2008, Campbell, and Jones,
2011) and vehicle routing problems (Cambpell, et 8D08, Naji-Azimi, et al. 2012,
Wohlgemuth, et al., 2012, Battini, et al, 2014)rtRarmore, the problems of allocating scarce
resources to complex operations (Barbarosoglul.eP@02, Van Wassenhove and Pedraza
Martinez, 2010, Battini et al. 2014), schedulingh\aties (De Angelis et al., 2007) and item
supply (Knott, 1987, Haghani and Oh, 1996, Baltikle 2008, Nolz et al., 2010) have been
dealt. The purpose of these researches is “to lyajpicbvide the appropriate emergency
supplies to people affected by natural and manndis@sters so as to minimize human
suffering and death” (Balcik et al., 2008). Thisfididon underlines how some specific
characteristics have to be considered in thesépkmt environments, such as social aspects
(Tatham and Houghton, 2011). According to Holguierds et al. (2013), the developed
models present some limitations (hard constraiotsstant penalty models and variable
penalty models) that do not permit treating thebfgm in the best possible way. Moreover,
Holguin-Veras et al. (2013) introduce the problerh item distribution considering
deprivation as an exponential cost jointly withigig costs associated with the distribution
plan.
According to Laporte (1992), the VRP can be degdritas the problem of designing optimal
delivery or collection routes from one or severapots to a number of geographically
scattered cities or customers subject to side mingt”. The literature about VRP is broad
(Clarke and Wright, 1964, Fisher and Jaikumar, 19&fporte, 1992 and Toth and Vigo,
2002) and presents many variations of the probleem é the basic components are almost

fixed (Fisher and Jaikumar, 1981). These variatmrssider different features of the problem,
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from CVRP (Capacitated VRP, Baldacci et al. 2012rikbkis, 2012) to VRPTW (VRP with
Time Windows, Gendreau et al. 2008, Qureshi et28ll,2) passing through TDVRP (Time-
dependent VRP, Polimeni & Vitetta, 2013, Lecluysale 2013) and MDVRP (Multi-depot
VRP, Aras et al. 2011, Salhi et al., 2013) and maihers different typologies (Lin et al.,
2014).

Further this classification the methodologies cansbhmmarised in two main areas: linear-
integer programmes and heuristics. While the fiype of methods is usually presented for
simple models application, the literature suggesasy heuristics to find good solutions for
more complex problems, like in the non-humanitatitarature have been closest neighbor,
savings or extra-milia heuristics. Moreover, haiwgsscan consider specific features of the
problem and, at the same time, yield quality sohsi “within short computational time”
(Hamedi et al, 2012). The savings (Clarke and Wyija64), the sweep (Wren and Holliday,
1972) and the general assignment problem apprdashef and Jaikumar, 1981) are just
some examples of these heuristics.

This chapter aims to present some simple heuriiitace VRP into humanitarian operations,
where simple tools are needed and where some aonistiead to consider particular costs

into the decision making process.

4.1.1.0bjective of the research
An important issue in humanitarian operations & thpacity to make a decision quickly in a
complex environment that continuously changes anergvtypical industrial tools (e.g. linear
programming or other optimisation methods) are har@dpply. Another motivation is the
impossibility to make apply a complex tool by oeldi personnel while simple instruments
could be very useful and could really improve tesponse. For these reasons, | decided to
focus the research on simple tools, heuristicgl&ivery prioritisation which are flexible and
can fit the complex humanitarian operations envitent. In particular, these tools include the
possibility of a dynamic network that can changetenms of quantity and location of
demands points, a short computational time withpgbesibility of providing good solutions
and the consideration of limited available capawuttth the consequences of shortages. The
importance of these heuristics is that they doengtiode in terms of complexity once the
network increases in size and complexity.
The objective of this research is to propose somgistics for the VRP in a humanitarian
context, i.e. to consider social costs composddgétic and deprivation costs, as a function

of the distribution system capacity level. An assédyof the ratio between deprivation and
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logistic costs in the delivery process is carriast @0 understand which proportion of
deprivation and logistic costs, i.e. which value cof performs better in terms of cost
minimisation. In the analysis different scenarioe presented, in particular two different
layouts and diverse deprivation functions.

The proposed solution finds a tradeoff betweeredifiit costs and studies these costs not just
as they are now (greedy) but it ponders the grdatwise could have if | decide to deliver or
not. This has remarkable improvements comparedther® simple algorithmic because
allows to consider deprivation costs, linked to gleosuffering, in a contest, humanitarian

operations, where standard supply chain costs tafiectively be used.

4.2. Model

According to Solomon (1987), “the vehicle routinglplem (VRP) involves the design of a
set of minimum-cost vehicle routes, originating aeaminating at a central depot, for a fleet
of vehicles that services a set of customers witthwn demand”.

The model is formed a typical humanitarian operetimodel, where the distribution center in
the area hit by the disaster is the LDC (Localrttistion center) and there are nodes that have
to be served by the different trucks. In this dituatypically the area hit by the disaster,
under a lack of distribution capacity, is splitardtifferent sub areas where each vehicle works
alone and has its nodes to serve. The differeniveelea this problem and the standard VRP is
due to the costs. The two main costs considera&¢RR applied to humanitarian operations
are the traditional logistic costs and the deproratcosts, related to the lateness associated
with delivering to a node. These costs are predemyeHolguin-Veras et al. (2012) and they
are seen as the social costs that should be coedide order to achieve the humanitarian
operations goal. While the traditional logistic todiave been widely presented in the
literature, quantification of the deprivation coassociated with aid distribution is a relatively
new problem feature.

An important assumption is made considering thaoime regions of total available capacity
it is not useful to apply the heuristics. Indeetiew the available capacity is enough to satisfy
all demand in one period the maximum time of degiron will be the distribution window,
so one day. In this situation deprivation cost Wl rather low compared with logistic costs
and it should not be considered in the priorit@atprocess. This allows simplifying the
problem and using typical heuristics presentedhénliterature that consider just logistic costs.
On the other hand, if the available capacity is liggn the demand the deprivation cost will

increase and so has to be taken into account.
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Thus, the step before the presentation of the $igsgiis the introduction of the notations and

function used in the model.

4.2.1.Notation

6; is the time of deprivation for node which in this case is the deprivation from watar
this chapter no limit value of the deprivation chstction is considered.

C andD are the constant values presented by Holguin-Veras (2012) in the exponential
function, € = 1.5031 and D = 0.1172. These values change in function of the missing
items, in this example water;

T,y; is the time of deprivation at the noden the current instant; after each step of the
heuristic it changes in function of how much isivled.

tj; is the time distance between the point j, wheeewghicle is, and the point i, where the
vehicle is going to deliver.

T; is the mean time to arrive to node i from the othedes. This term is used in the delta to
understand the mean necessary route to leave thegral return in itZ = T;). This term is
considered because usually if a point cannot beedein a round it will be considered just
next and so this value studies the increase ofiindste situation of leaving the node, serve
another node and come back to serve this node.again

0,;; is a value that translates the percentage of itgtigered of the total needs inlt is the
percentage of decrease of the deprivation time &nth cost) used in the deprivation cost
function.

« [0:1]: smoothing variable. This variable changke tveight associated with deprivation
(benefits and costs) and logistic costs.

LC;; : logistic cost to deliver at the node i at thedit.

K: transportation cost per hour has been takenesalue suggested by Holguin-Veras and
Brom (2008) of 55 $/h. This cost considers typlogistic direct costs, as fuel and personnel.
LDC is the Local Distribution Centre that storesl ahistributes emergency relief items to a
number of demand nodes.

A; is the prioritisation parameter of the first hstig, called);, this considers just deprivation
costs to know which node has to be supplied.

x is the smoothing variable introduced in the secbauristic that combines logistic costs

and deprivation costs into the prioritisation pisgand study the radio between these.

4.2.2.Function
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In this research the deprivation function is takeom the research proposed by Holguin-
Veras et al. (2013) and it is “estimated with daallected about willingness to pay for water”.
This function is a non-linear function that bettepresents the levels of deprivation:

£(8) = o (1,5031+0,1172%8;) _ ,(1,5031)

4.2.3.Time Window

According to Jose Holguin-Veras et al. (2013), libgastics costs usually “take place in a
single time period”, while “opportunity costs ofoge individuals who did not receive aid [...]
are likely to accrue in future time periods”. Fhistreason, if the objective is the study of the
costs associated with the level of suffering, iimgortant not to consider just a single period
for the model, but rather a multi-period in orderachieve the right level of the deprivations
and their change in the whole time window. The timedow that has been considered is a
multi-day time window of 20 days. Days start a8 and end at 6 pm, when night falls. It is
important to note how delivering all day long ig possible in humanitarian operations where
personnel safety is fundamental. For this readmndelivery plan suggested is a continuous
window of 10 hours, from 8 am to 6 pm, during whadliveries are made without any stop.
This has clearly an implication on social cost luseanot serving a point in the “today” trip
will require “tomorrow” trip with a delay that hithie deprivation costs.

4.3. Heuristics
The first heuristic proposed is focused on the bowailable capacity region where the high
level of deprivation costs leads to their consitieraonly in the prioritization process. The
identification of a middle region where logisticdarsocial costs coexist leads to the second

heuristic in which total social costs are stud@dtjy.

4.3.1.1° HEURISTIC: deprivation cost minimization for lakstribution
capacity level.

The first heuristic uses the prioritization basedttee highest level of deprivation cost during
the humanitarian operations for each served locdtad the time, calledA;;. For this reason,
the choice of the next node for distribution is macbnsidering how deprivation cost
increases during the next period, taking into antde possibility of delivering now, ifi;,

or waiting to deliver, from the current instantdthe next instant 1. This first problem, by

assumption, does not consider logistic costs.
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TheA;, considers what happens if the items are deliverewdei now or after a while (2F))
in terms of ratio between the missed deprivatiomelies DB;; (deprivation if not delivered at
nodei) and deprivation costBC;; (deprivation costs if items are supplied). In ttése, after
delivery, it is possible to know where the highastrginal level of suffering will be.
The parameter is defined as follows:

A= Oy * DBy /DCyy = Oy % (LS1; — LSo;)/(LS11 — LSoiu)

The ratio’s upper ternDB;; (deprivation benefits) is related to how the lsvef suffering
increase if no items are delivered at nod# is indicated with letter “A” in figure 4.1 and
considered as the social benefit associated wethldhvery (the avoided social cost):

LSy; = eC+P*T1i — g€ > Ty =Tt

LSli = €C+D*T2i - eC > TZi = TOi + tji + 2 % Ti

The denominatob(;; evaluates how the level of suffering increasekafnode is served at
current instant. This is “B” in figure 4.1, the salccost associated with the delivery:

LSy = e“*P M1 —eC > Tyim =Ty * (1 — Oy)

LSy = eCtPTein —eC > T, p=Tyu+2xT,

In theT,; ; the valuef;is multiplied by 2 because it assumes the possilufidelivering later
the items, so the truck will go to another node presumably it will come back.

Moreover, consideringy;; as the level of needs in the nadat timet andC; as the available

truck capacity at instarnt 0;; is:

Ceiec <N
— 1 .

1ifC, > Ny
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Figure 4.1: A;; calculation process.

Algorithm with one vehicle:

Step 1. Compute thA;; considering the time of deprivatioT,;), the time distance between
the point j, where the vehicle is, and the pointhere the vehicle is going to delivi;;J and
the percentage of items that can be deliveredeotdtal needs ii (0;;).

Step 2. OrdeA;; in an increasing order and supply to the firstenatie one which has the
highestA;;

Step 3. If the needs at the point chosen are nhare ¢apacity, deliver all the capacity and go
back to the LDC [go to step 4] otherwise returrstep 1 [go on until all the items of the
vehicle capacity have been delivered].

Step 4. When the vehicle is back to the LDC, abéslaapacity=max vehicle capacity, if
there is enough time and there is still “needst@8tep 1, otherwise end.

The figure below summarizes the heuristic process.
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further deliveries?
End the day
Is the whole demand satisfied?
— Is the truck empty? —

Figure 4.2: Heuristics process

This first heuristic shows the importance of theiab costs and how they have to be
considered in order to achieve a good level of camtsidering Marginal Costs; the
programme uses this organization in order to umtaedswhich node will be the next stop for

the shipment.

4.3.2.Prioritization in the middle region.
In the middle capacity regions, a second heuristjgroposed in order to study how the two
different costs, deprivation and logistic, haveb® considered in function of the level of
capacity. The deprivation benefii;; and deprivation cost3C;; are the same as in previous
heuristic. Logistic costs L(;;) are proportional to the delivery time and uke as

transportation cost per hour (Holguin-Veras andnira008).

Thus, the priority value i8;;,:
ok @ ¥ DByt
[ocx @y * DCy + (1—) * LCy]

Ajr=

The value of A;;, summarises the level of deprivation costs thatldvauise if there is no
delivery at the nodg jointly with the related distribution costs (Isgc). The value is seen in

terms of ratio between expected benefit and casicieted with the distribution.
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The results lead to consider nodén function of the percentage of the satisfied ptep
distance from the actual starting point, deprivatione and mean distance between i and the
other nodes.

Algorithm with one vehicle:

Step 1. Compute trA;, considering the time of deprivatioT;), the time distance between
point j, where the vehicle is, and point i, wheme wehicle is going to delivet;;) and the
percentage of items that can be delivered of tted teeds iri (©;,). Moreover, the Logistic
costs associated with the distribution are consiler

Step 2. OrdeA;;, in an increasing order and supply to the first nabde one which has the
highestA;;,

Step 3. If the needs at the point chosen are nhare ¢apacity, deliver all the capacity and go
back to the LDC [go to step 4], otherwise returrstep 1 [go on until all the items of the
vehicle capacity have been delivered]

Step 4. When the vehicle is back to the LDC, abéelaapacity=max vehicle capacity, if
there is enough time and there is still “needst@8tep 1, otherwise end.

The structure is the same as that of the previdger&hm, and just the prioritisation changes.

4.4. Test Problem
This section of the chapter presents the diffemaracteristics of the Test problems: the
layouts, the distributions of the demand and otiagical distribution features as capacity and

distances. The problem considers in one vehickeiloigion.

4.4.1.Demand Layout
In this research, two different demand points’ poss are considered; these layouts have
demand nodes and so different distances. In thg figure 4.3, the LDC (Local Distribution
Centre) is in the middle of the layout, while thexend layout has very different distances,

starting from the nearest node A to the furthest @f). Figure 4.4 summarizes the plan.
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Figure 4.3: Centred layout (A_G)

o 9 o
O
Figure 4.4: Decentred layout (A_G2)

The hypothesis is a constant demand during theeetithe window. The demand pattern
considered in the application and applied to tifiledint layouts is:

A(1000)-B(2000)-C(4000)-D(5000)-E(3000)-F(2000)-GQD)-H(4000)
The letter is the name of the node while the gtymti the population needs is between

brackets.

Every beginning of the day, demand is the sams; iththe case with perishable food that

needs to be refilled every day. Moreover, no inegnis possible at the demand points.
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Table 4.1:Centred layout and decentred layout distances [min]

LDC A B C D E F G H IDC A B C D E F G H
LDC 0 30 32 29 50 55 60 80 95 LDC 0 30 32 29 55 60 62 78 82
A 30 0O 30 65 70 80 97 95 120 A 30 0 50 53 72 68 32 76 32
B 32 30 0 38 42 45 65 73 92 B 32 50 O 65 58 34 72 78 72
C 29 65 38 0 53 29 31 77 80 C 29 53 65 0 54 86 42 31 81
D 50 70 42 53 0 36 56 32 52 D 55 72 58 54 0 72 83 39 72
E 55 80 45 29 36 0 29 37 43 E 60 68 34 86 72 0 73 87 43
F 60 97 65 31 56 29 0 53 22 F 62 32 72 42 83 73 0 68 55
G 80 95 73 77 32 37 53 0 4 G 78 76 78 31 39 87 68 0 92
H 95 120 92 80 52 43 22 41 0 H 82 32 72 81 72 43 55 92 0

4.4.2. Maximum available capacity regions
One important step is the definition of the capacithe maximum available capacity
considered in the models is calculated as the ptage of the items delivered on the items
required, optimizing just the logistic costs. Tlesults of the heuristics are shown in function
of the maximum available capacity. This choice lheen made since in humanitarian
operations one of the main issues organizationg bawdeal with is the presence of scarce
resources, which do not allow satisfying completely demand present in the area hit by the
disaster. In this particular application the ranmfe€apacities considered is from 500 to 3000

items per vehicle, with an increase of 100 aftargvoop.

45. Results

The first results obtained are associated with application of the first heuristic, so the
consideration of just social costs during the piation of the shipments. These results are
summarized in the two graphics below (figure 4%Where the x-axis is the maximum

available capacity level, while the y-axis is thestcassociated with the maximum available

capacity.
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Figure 4.5: Application of the first heuristic. Scaario A_G and Scenario A_G2.
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The results of the first heuristic application shiogw in some “capacity regions” the logistic
costs have a certain weight that leads to theisidenation during the distribution process.
This intermediate region seems to be between 658180% of the necessary capacity,
where 100% is the needed capacity to deliver iname This result leads to reconsider the
assumption of no-logistic costs contemplation.

The second heuristic is presented in order to shaly the two different costs, deprivation
and logistic, have to be considered. The heuristapplied in the two different layouts, with
different levels of available maximum capacity adifferent “x”. Table 4.2 reports the
average saving that is possible to obtain usingQpé&mal Alfa rather than other values
resulting from all other Alfa. This value has bdeand taking the results of the heuristic per
each level of capacity and per each level of Adfiter this the author has taken the values of
Alfa with the minimum total final cost.

Table 4.2: SAVING between the Total Social Cost whitthe Optimum Alfa and the

Average Total Social Cost for relative Maximum Avalable Capacity.

SAVING
Maximum Available Scenario A G Scenario A_G2
Capacity
< 65% - -
65% - 70% 31.4% 34.6%
70% - 75% 40.3% 18.6%
75% - 80% 24.2% 4.6%
80% - 85% 2.7% 10.6%
85% - 90% 1.4% 1.2%
90% - 95% 0.4% 0.5%
95% - 100% 2.0% 0.9%
> 100% - -
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Figure 4.6: Trend of Alfa (“«”) in function of the available capacity

Figure 4.6 shows the trend associated wath (y-axis) in function of the available capacity
(x-axis). In the graphics” approximation function is found to be the intelggmn of the
experimental &” values averages. The experimental ‘values are the values that lead the
minimum social cost obtained with certain capacitiiis trend underlines the relationship
between the deprivation and the logistic costsmgduthe items distribution operation. The
results show the importance of deprivation costsitmations where the available capacity is
low. When the maximum available capacity is higltdg better to use an integrated approach

where both of the costs are considered.

4.6. Parametrical analysis
In this section, an analysis is carried out on wiegdpens if the exponential function changes,
whether it is different from the one proposed by literature (Holguin-Veras et al. 2013). In

particular, the function considered is the one Wehlth parameters of C and D.

f(8i) = e(C*Pu) o€
With
Cc = 05-1-15

D =0.01-0.05-0.09-0.13-0.17-0.21

These numerical values have been chosen in reltatitre exponential function taken by the
literature (Holguin-Veras et al., 2013). In fatig tauthor has proposed some values estimated

with “data collected about willingness to pay foater”. For this reason, the numerical
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examples have been calibrated on hypothetical itdras can have different exponential
deprivation functions, but always in the range lvé bne proposed by the literature. The
logistic cost remains the one proposed by Holguémag and Brom (2008), 55 $/h.

The results obtained are summarized in the fighedsw (figure 4.7), where the x-axis is the
Optimal Alfa associated with the maximum availatd@acity (y-axis). In this figure, the non-
linear behavior of &” is shown. From the different graphs, it is pobsitb note how the
heuristic gives more importance to the exponeuigglrivation functions &” —1) instead of
the linear logistic (& —1” —0) cost when the maximum available capacity is loWis is
because the deprivation functions tend to incr@ases rapidly. On the other hand when the
maximum available capacity increases, more impogas always given to the logistic cost as
long as the maximum available capacity is highanth00%. These results are the same for
different function. Indeed, they change along wita change of the supplied product and so
the exponential function associated with the itém.particular, the results have a high
variation when the value D (the one associated title) varies. If the item is more critical
the exponential function associated with it wilareup more quickly. This will lead the

heuristic to consider more the deprivation coshtlag@istic cost with a higher Alfa.
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Figure 4.7: Optimal Alfa changes with different depivation functions

4.7. Discussion of results
As demonstrated by the results, in particular #gdr5, the performances of the heuristics
depends mainly on the maximum available level gfac#ty. In particular, the results show
this relationship. For high levels of available aeipy the «” is low, so high importance is
given to logistic costs. On the other hand, wheailalblle capacity decreases, the deprivation
costs start to have greater importanee’ (s closer to 1). The graphics in figure 4.6 shihe
non-linear trend of &” according to the integration of exponential amgedr functions
associated with deprivation and logistic costs.sTiasult leads to consider the two costs
differently in order to obtain a good final resmltterms of deprivation and logistics efforts.
The results have been tested with different depdmdunctions, in the “parametric analysis”
section, changing C and D values, where C is tldepgandent value of the exponential
function, while D depends on the time variable. Bobieved goal shows the importance of

considering different ratios between the deprivaaod social cost in function not only of the
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maximum available capacity (that remains a funddaiemlue), but also considering the item
that is in the delivery, and so its deprivationduon characteristics (figure 4.7).

Since the outcomes of the heuristics have underlitat the optimum &” is mainly
determined by the D value, the one linked to theetirather than the C value, the author has
focused the study on D, which has a higher impa¢hé results. This is demonstrated by the
graphics in figure 4.7, where thec™ curves are similar for different C, while theyasige
mainly with D. The logistic costs have not beennge in the examples, but the heuristics
can be easily used even for different transportatectors, as helicopters or trucks, which can
have dissimilar K constant but with similar lindsghavior.

In the study the different results have been obkthinom hypothetical deprivation functions.
These can be improved for real applications. Int,fachen some other real product
deprivation function is provided, it will be easy tind the " curves and so apply the
heuristics in other real product distribution. Ths very important because once the
humanitarian organizations have some data (demaimtispand amount, maximum available
capacity and costs associated with the deprivaifdhe needed product and the distribution)
they can upload the optimak" and use the heuristics in order to achieve a dowl level

of social costs.

The correct &” allows saving in terms of costs and items depiora According to Stapleton
et al. (2009), “the potential saving from implemegtoperations research models can be used
in improving the social welfare of populations néetiherefore, a minimization of social
costs can lead to minimizing human suffering arss lof lives, the goals of a humanitarian
operation (Balcik and al., 2008).

From the first heuristic application, studying thecial costs in function of the maximum
available capacity, a particular region, called tineiddle region”, is identified, where
deprivation and social costs have the same ordenagnitude. In order to deal with this
region the second heuristic is introduced, in whiah prioritization is calculated considering
the global social costs, both logistic and deproratFurthermore, a smoothing parametet “

is presented in order to understand, studying thal ftotal cost, which should be the
relationship between the two costs in functionhw available level of capacity. Finally, the
parameter &” is studied with diverse deprivation costs in aorde determine how its
behaviour changes in function of the different engrttial values.

Generally, the saving obtained using the correcéalue for different maximum available
capacity levels demonstrates the added value sf rdgearch for the humanitarian field.

Moreover, the non-linear behaviour of the” jointly with the diverse results obtained

applying different functions helps understand hamsts have to be considered with different
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products in real distribution, as a function of sofactors (e.g. capacity and demand). These
results could be improved using real deprivationcfions. Indeed, once the parametexs “
are found for real products, they could be propdseorganisations that work in the field in
order to achieve a good final level of social castd the best ratio between deprivation and
logistics costs during distribution.

The limitations of these heuristics are mainly agged with their simplicity. The author has
considered just one delivered item and one vehidhe restriction of a single item can be
easily relaxed. Demand points can be split into twonore points with different deprivation
functions and demands to consider two or more iteitis the same location. On the other
hand, when more vehicles are involved in the aidgidution operations, they can be added
to the heuristics process every time the previ@sole is fully scheduled for the entire day.
This approach can be simplistic but also used lpimith other approaches like the
generalized assignment problem (GAP) (Fisher arikduder, 1981). In fact, once the
network is defined and divided into different ar@aswvhich one vehicle will deliver, this

allows simplifying the problem and using the progabfeuristic.
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5. Reverse Flows in Humanitarian Operations

Humanitarian logistics (HL) is a fast growing arefinternational academic study with a
broadening literature base and, since 2011, itscdemti outlet — the Journal of Humanitarian
Logistics and Supply Chain Management (JHLSCM). Elesv, in common with many other
emerging academic disciplines, the early yearsecefthe need to develop a common
understanding of the core concepts, their inteati@hships and, indeed, the vocabulary and
its meanings. For example, at a basic level, tlalerige facing the humanitarian logistician
is, arguably, the same as that in the ‘for prafitrld namely to align supply with demand in
an efficient, effective, secure, resilient and aunstble way (Melnyk et al., 2010). Typically,
however, the responsibilities of a humanitariandgan cover the management of the whole
of the supply network (purchasing through to lagerdistribution), together with a range of
ancillary duties such as facilities management seclurity. It is, thus, significantly more
complex than the oversight of ‘trucks and shedst tbften reflects the commercial
perspective of this role (Kovéacs et al., 2012).

This breadth of responsibility is reflected in tiiequently quoted definition of HL: “The
process of planning, implementing and controllitng tefficient, cost-effective flow and
storage of goods and materials as well as relat®dnnation, from the point of origin to the
point of consumption for the purpose of meeting thal beneficiary’s requirements.”
(Thomas and Mizushima, 2005, p. 60). Indeed, wasth reflecting that there are actually
only a few thousand individuals world-wide who wwulay claim to the job title of
‘humanitarian logistician’ (Holguin-Veras et alQ12), and yet the annual global spend is of
the order of $15Bn (Tatham and Pettit, 2010).

Importantly, however, the definition of HL quoteblose only relates to the outbound flow of
goods, its associated information and, by extenservices-. It will be noted that it is silent
on the topic of ‘reverse logistics’ (RL) which, asvill expand on later, | define as: “The
process of planning, implementing and controlling éfficient and cost-effective flow of raw
materials, in-process inventory, finished goods asdted information from the point of
consumption to the point of origin for the purpadeecapturing or creating value or proper
disposal.” (Rogers and Tibben-Lembke,1999, p. Bjs Tacuna is understandable given the
HL context in which the major challenge is percdi® be the effective and efficient
movement of potentially lifesaving materials to shaffected by a disaster or emergency, or
in a developmental context (Tomasini and Van Wdsses, 2004).
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That said, there is an increasing appreciationhefimportance of RL as evidenced by its
appearance as a specific section within the UnNetions (UN) Logistics Cluster (Log

Cluster) Logistics Operational (Log Ops) Guide (LGtuster, 2013). Moreover, it is well

established that the introduction within commersiabply chains of RL best practices results
in economic savings in addition to reductions ofiemmental impact. It is suggested,
therefore, that adoption of such an approach inhbmanitarian context would lead to
improvements in efficiency that could then be ttatesl into improved effectiveness of an aid

agency’s logistic spend.

5.1. Aim

With this introduction in mind, approximately 10are ago, De Vore (2004, p. 6) noted that
“often the reverse supply chain is overlooked,piahned for, and not used when deploying
for ... humanitarian relief operations”. Howeves,autlined above, the last decade has seen
the visibility and importance of RL issues incregsin a commercial context and so the
author of this research were keen to understandhehthis situation has been mirrored in the
changed practices in relation to HL during themaing period. Thus, the aim of this
chapter is to describe and analyse the challenggs@portunities for the application of
reverse logistics practices in a humanitarian kigontext. In doing so, and particularly in
light of the relative youth of HL as a field of diy the author is mindful of Stock’s (1997)
recommendation that business logistics, which Wwas tn a similarly emergent state, should

‘borrow’ from other disciplines as a means of adrag knowledge and understanding.

5.2. Research Limitation

A further aspect of the essential scene-settitigabservation that HL frequently focuses on
the ways in which the management of the supply otwan be improved in a rapid onset
disaster or emergency. In such a scenario, wheeedsis frequently the essence, it is
understandable — and, indeed ethically acceptablat-actions that might improve the RL

outcomes take second place, particularly if sudioms have the effect of reducing the speed
of response and, hence, adversely impacting thtieeted. @ However this research will

particularly focus on the development context wheenmore measured approach is possible
with the result that RL practices can potentialey édmbedded as part of the whole flow of
goods and materials. As a result issues such & ttaised by Destro and Holguin-Veras

(2011) and Holguin-Veras, et al. (2014) which eléd the management of unsolicited
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donations that frequently challenge the logistidgrathe aftermath of a rapid onset event will
not be considered in depth.

| intend, therefore, meeting the chapter's aim hitlioing the ways in which RL is
operationalised in the business context and amajythie challenges and opportunities for
employing similar practices in the preparation aegponse in a development context as well
as to disasters/emergencies — especially thosefalainto the slow onset category. To
achieve this goal, the next sections of the thedisfirst give an overview of the research
methodology before the results of the review thkerdiiure relating to RL first in a business
and, secondly, in an HL context are discussed. Hiter analysis is underpinned by the
results of informal discussion with HL practitiosein order to test their understanding of
commercial RL concepts and their applicability. Shiill be followed by a section in which |
develop an understanding of the challenges andrapptes for RL as part of the overall HL
spectrum of activities. Finally, | will offer my ew of the potential avenues for further

research in relation to this topic.

5.3. Methodology
The overall research methodology is outlined bedmd depicted in figure 5.1 where 4 steps
are highlighted, with the detailed procedures bexgjained in next sections. The initial step
was to review the literature relating to RL witlarcommercial context. The rationale for this
approach reflects the general perception that Hjs laehind its commercial counterpart in
terms of the development and implementation of approaches and ideas. Whilst it was
argued by Thomas and Kopczak (2005, p. 7) that &J/sdunderdeveloped state of logistics
in the humanitarian sector is much like corporatgistics was 20 years ago”, the author of
this thesis takes a less pessimistic view evidebgedor example, the 2006 European Supply
Chain Excellence Award that was won by the Inteoma Federation of Red Cross and Red
Crescent Societies (IFRC). Nevertheless, it iselbetl (and as will be demonstrated in the
literature review that follows) that the commercsaictor, driven by public and shareholder

pressure, is ahead of the humanitarian sectorsppert of its RL practices.
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Figure 5.1: Methodology and steps of the research

Having analysed the commercial RL literature, teeosid step was to undertake a similar
review of the humanitarian logistics literature.owver, as indicated in the introduction of
the chapter, the canon of literature is relativetyall — for example the recent review by
Leiras et al. (2014) identified just 228 paperd thed been published in the last 20 years.

As a result, in step 3, this element of the reweas expanded to include consideration of the
annual reports of the Top 14 HL organisations exée from Tatham and Pettit (2010, Table
5.1). Given the clear desire of humanitarian agento ‘do no harm’ it was reasoned that
achievements in improved RL practice would be hgitied as a positive aspect of their work
in such publications. However, as will be expldime greater detail below (Section 6), there
was only limited mention of the subject and theref@a confirmatory ‘deep dive’ was
undertaken by reviewing all of the IFRC’s post-rniaasreports for the period January 2011-
November 2013. The choice of the IFRC for this endetailed analysis was driven by a
number of factors: Firstly, as indicated aboveptigh its receipt of the European Supply
Chain Excellence Award, the IFRC has clear credéntas being amongst the most
innovative HL organisations within the sector. @wtly, it deals mainly in non-food items

(NFI) and it is this generic range of commoditieatt(compared with food and medical items)
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is perceived to be most easily integrated intovense supply chain. Thirdly, the IFRC makes
all of its post-mission reports available on itsbwste and thus, in a sector where access to
data is often challenging, this represents an &esource that was able to be searched in
the same way as the academic literature relatitpegacommercial sector. The final stage of
the review process was to undertake a number @irnrdl discussions over the general
challenge of achieving sound RL practices with enber of senior humanitarian logisticians
in UK and Australia. This element of the overaearch is discussed in more detail in later
sections.

In the final phase, step 4, the RL challenges gmgbdunities were defined and analysed
introducing a new classification of the items imdtion of their use and final destination.
Several drivers and factors were highlighted asdudised.

5.4. Review of the Reverse Logistics in the Academic latature

5.4.1.Academic Reverse Logistics literature in the “fooft” context
There is a broad swathe of literature relating kotlRat has been developed over the last two
decades and, inevitably, this approaches the corficep a variety of perspectives. Thus, at
the relatively strategic level, Rogers and Tibbembke (2001, p. 133) outline the scope of
RL drawing on the then extant literature that engassed a range of activities including:

* Remanufacturing,

* Refurbishing,

* Recycling,

* Landfill,

* Repackaging,

* Returns processing,
» Salvage.

These authors also noted that there is a cleatapvbetween the research in to RL and the

(even) broader field of ‘Green Logistics’ as dentaated in Figure 5.2.
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Reverse Logistics ] Green Logistics

« Product returns » Recycling » Packaging reduction ™\

» Marketing returns » Remanufacturing * Air & noise emissions

» Secondary markets » Reusable * Environmental impact
packaging of mode selection

Figure 5.2: Comparison of Reverse and Green Logists (Rogers and Tibben-Lembke,
2001, p. 131)

This overlap between these two areas is also foutiin the limited literature relating to RL

in an HL context where, for example, the UN’s LogsdGuide has a separate section relating
to Green Logistics, but in this it is noted thath& main objective of Green Logistics is to
coordinate the activities within a supply chairsuth a way that beneficiary needs are met at
"least cost" to the environmeltit.is a principle component of reverse logistiqtog Cluster,
2013a) (Emphasis added). The above quote refleetgeneral sense of the desire amongst
humanitarian agencies to ‘do no harm’ — be thistlividuals or, as is becoming increasingly
important, the environment in which they are opegatHowever, the research reported in
this chapter is focussed on the RL component obttegall drive towards a more eco-friendly
approach as it is believed that the use of commleRL techniques has the potential to
improve the efficiency and effectiveness of a humaaian agency’'s actions in a
development/slow onset situation (as well as, @ty in a rapid onset disaster context). In
doing so, | am following the lead of a number ofhaws including Kovacs and Spens (2007)
and Swanson and Smith (2013) who suggest thatuhmhitarian response can benefit from
lessons identified and best practice in commelogktics.

Separately, Tibben-Lembke and Rogers (2002) cordparel contrasted the forward and
reverse logistic practices in a retail environmevtijlst other authors have considered a more
detailed sub-set of the overall RL challenge. ThAtssu and Cetinkaya (2006) discuss the
ways in which the process can be optimised in ordallow for efficient remanufacturing,
whilst Blackburnet al (2004) consider the issues surrounding the detitd adopt reuse,
recycling and remanufacturing alternatives forveegiproduct. Other significant contributions
include Fleischmanat al (1997), Bloemhof-Ruwaarek al (1999) and Leet al (2008) who
focus on channels, location, routing problems; sthileunteret al (2000), Minner (2001)

and Dobos (2003) discuss the impact of RL on inmgnthrough the study of costs, products
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and policies. In considering the opportunity toseuhe returned product “as is” or after
minor repairs Srivastava (2007, 2008) researchesryaether dimension of the RL concept;
whilst Hazeret al (2012) have identified seven components that Ishio& considered when
deciding which RL approach to adopt, together aittecision making framework.

Given the ambit of the potential RL field that daadeduced from the above small sample of
the literature, it is clear that core to understagdt applicability in an HL context is both a
definition of RL and the consequential potentiatiaites that are in scope. In light of the
genesis of the definition of HL quoted in SectiowHich clearly reflects the former Council
of Logistics Management Professionals (CLMP) (amdrent Council of Supply Chain
Management Professionals (CSCMP)) definition ofdtigs, | have adopted the approach of
Rogers and Tibben-Lembke (1999, p. 2) who revehse gfense of the CLMP/CSCMP
approach and define RL as: “The process of plannimgplementing and controlling the
efficient and cost-effective flow of raw materialg;process inventory, finished goods and
related information from the point of consumptianthe point of origin for the purpose of
recapturing or creating value or proper disposal.adopting this definition, | note that it is
broadly similar to others suggested by those rebeay within the field, for example
Dowlatshahi (2000), and De Britos (2003).

Expanding this definition, it can be seen that overs a broad range of activities as
demonstrated by Rogers and Tibben-Lembke (2001133).in Table 5.1.
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Table 5.1: Reverse Logistics Activities by Rogersnd Tibben-Lembke (2001, p. 133)

Reverse

Material Logistics
Activities

Products Return to supplier
Resell

Sell via outlet
Salvage
Recondition
Refurbish
Remanufacture
Reclaim materials
Recycle

Donate

Landfill

Packaging Reuse
Refurbish
Reclaim materials
Recycle
Salvage
Landfill

A similar approach is offered by other authors, dgample the flow diagram representation
of Farahanket al (2011) in figure 5.2 — albeit this does not difietiate between the product
and its associated packaging. However, in the Hiteod, discussion of RL as it relates to
packaging is perceived to be an important aspectekample, as will be discussed further in
Section 8.4, it is understood that one commeraiglpber has designed the box used to
transport large (family size) tents in such a wagt it can subsequently be employed as the
framework for a field latrine. For this reason, tigpology in table 5.1 will be used as the
basis for the analysis in the remainder of thigptéraand, for example, the entries within table

5.1 were used as the keywords for the search cidademic and practitioner HL literature.
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Figure 5.2: Product flow in reverse logistics (Farhani et al., 2011)

Disposal Incineration

5.4.2.Academic Reverse Logistics literature in the “rastrofit” context
In relation to the academic literature, and as dhaethe introduction to this chapter, this is
relatively small in volume. For example, the reviewKunz and Reiner (2012) uncovered a
total 174 papers published between 1993 and 201dhigh 128 (74%) were from the last
three years of their sample. This research, togettie the associated literature reviews from
Altay and Green (2006), Kovacs and Spens (2007hars@thinamet al. (2009), Pettit and
Beresford (2009), Overstreet al (2011), and Caunhyet al (2012), were analysed to
uncover any discussion of RL (as defined in tablg.5his was achieved by inspection of the
title, abstract and keywords of each of the papéttsin the sets of literature reviews, together
with the titles of works noted within the informabliography of Tatham (2014). The result
of this review shows that the management of RLnirH& context has only achieved limited
attention in the academic literature.
Whilst a number of researchers (e.g. Guatlal, 2003; Dekkeet al., 2004; De Vore, 2004;
Hall, 2013) suggest that RL should be incorporaténl the HL supply network, these authors
are silent as to the mechanisms/approaches thatdshe adopted. On the other hand, there
are some specific examples of a discussion of Rueis, albeit these are generally from a
relative broad ‘green logistics’ perspective. Th8sskiset al (2012, p. 199) underline the
general importance of an environmental perspedtivéhe evolution of the humanitarian
response in order to meet “a variety of pressueeed by the [responding] organization

including regulatory, competitive, and communitydpa pressures”. However Sarket al
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(2012, p. 205) also note that there are considerabérnal organisational barriers that limit
the application of new practices and procedurestiase authors underline the importance of
future studies “to overcome the barriers and hdpefaid in greening the relief supply
chains”.

This paucity of consideration of RL is further emaptsed by Kovacs (2011, p. 258) who
notes the serious environmental impact of humaaitaactivities in the field and particularly
that “... there is an almost total absence of /dogistic processes”. Indeed, taking this
environmental theme further, researchers at INSEADmManitarian Research Group, 2010)
have analysed the impact of the humanitarian respam the aftermath of the 2010 Haiti
earthquake, and their work underlines the enormealsme material that needs to be
removed and the associated challenge facing thexhitemian logistician. The importance of
green logistics in humanitarian operations is @issented by Eng-Larsson and Vega (2011)
where the difficulty of achieving environmental ¢oaithout compromising the short-terms
humanitarian objectives is studied. Since the hut@aan operations inevitably generate
substantial amounts of waste, the research underline importance of adopting a green
operations perspective. However, Larsson and Valja dcknowledge that there are some
clear gaps between green logistics practices asabstdir relief operations, and as a result that
have developed a framework of objectives that cbeldised to drive humanitarian actions.
Taking a somewhat different approach, Hua and $2@13) develop a system that considers
three different RL aspects: logistic operationsyiremmental protection and psychological
recovery, and they propose a system that model$rdinsport, recycling, reproduction and
final disposal of debris. In a similar transporiated approach, Liberatoret al (2014)
consider the possibility of using some RL procedygeich as reverse flows) in the modelling
of distribution problems in recovery operations.

In summary, the academic literature surroundingpbiential operation of commercial RL
practices is in its infancy. Thus, although thera iclear acknowledgement of the importance

and relevance of this topic, but there is almosb ziesscussion of its operationalization.

5.5. Review of the Reverse Logistics in Non-Academic latature and
Informal Interviews

5.5.1.Annual reports review
The next element of the literature review was tasoder the non-academic literature — i.e.
that which is available from the publications anebwsites of humanitarian organisations (as

distinct from regular academic journals). This veggproached by examining the material
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available from the Top 14 HL organisations as ndigd atham and Pettit (2010, table 1, p.
611). The annual reports are general documentshizat not just what has been done in the
last year by the organization but they are usaddizate the way the organization is going to
take in the future years. The most recent annymrte (i.e. those from 2011 or 2012 — Care
2012, Crs 2012, Ifrc-rcs 2011, Msf 2011, Ocha 2@#%fam 2012, Save the children 2011,
Undp 2012, Unfpa 2011, Unhcr 2012, Unicef 2011, Wa®d2, Wfp 2011, World vision
2012) of each of these organisations were revievgaty the key words from table 5.1 as the
search criteria, with the results as shown in t&hfe In selecting the annual reports as the
source, it will be recognised that they are botkilgaccessible and also provide a vehicle
through which the organisation is able to tellstery to the wider community. Thus, such
annual reports are not just focused on field opanaf rather they typically expose the future
direction of the organisation. It was thereforesmaeed that, particularly in light of the global
desire of such organisations to operate more sy, if RL was becoming an important
feature of future operations, it was likely to baphasised in such annual reports. However,
as will be see from table 5.2, the reality is ttietre was almost no discussion of RL within
these documents. In fact findings show that just énual reports deal with RL practices
with a focus mostly on recycling and the manageneéfonations — which can be seen as a
form of RL from the perspective of the original cavrof the item - with just limited attention

on landfill and reuse.

95



Table 2: Annual reports finding
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5.5.2.Review of IFRC field reports

Given the paucity of ‘hits’ from the above proceasdeep dive’ was undertaken by reviewing
all of the post-mission reports held on the Intéomal Federation of Red Cross and Red
Crescent Societies (IFRC) data base for a three pe@od January 2011 to November 2013.
This process led to an examination of 116 suchrtepehich were, again, searched using the
keywords from table 5.1. These reports are focusedingle operations that are conducted by
IFRC in different part of the world. The informatios possible to have from these are more
operational that in the annual reports and allowrtderstand what kind of practices are used in
the operational fields.

Of the original number, 15 were not published ingliah and so were discounted from the
analysis. And of the remainder, 75 (74%) had zeemtion of RL. A total of 26 reports did
include mention of the topic, and these are shawtable 5.3, with the specific details of the
report to be found in table 5.6.

The advantage of the ‘deep dive’ approach wasitheds targeted at the more operational level
mission reports, as distinct from the strategieleannual reports, however it will be seen that
the results were broadly the same as the lattble(ta 1), with the majority of the discussion
being around the area of donations and re-cyclikigthe same time the on-field reports do
emphasise some other reverse logistics activitieb as salvage, reselling and returning items to

suppliers.
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Table 5.3: on-field reports finding

Reverse 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 22 23 24 25 26 Total
C Logistics

Material

Activities

Resell 1

[EY
w
al

Salvage 2 1 2 5
.,
U -

.§ Refurbish 0
-

Reclaim 0

materials

Donate 4 73 7 2 2 11 2 13 5 29 1 15 9 3 1 2179
Reuse 1 3 1 2 7
Reclaim 0
materials

Packaging

Salvage 0
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5.6. Informal interviews

The third part of the analysis was aimed at comating the results of phases 1 and 2 (figure
5.1) by conducting informal discussions with a dmamber of senior humanitarian logisticians
based in the UK and Australia in order to undexstémeir personal perspective, and their
perception of the perspective of their organisatibhe respondents were selected through a
‘snowball’ sampling approach that utilised the rnatkvof contacts already known to the author
of this thesis and consisted of a total of 6 indiingls — five from international NGOs and 1 from
a UN agency.

The discussions were conducted on a semi-structo@sd using the following script as the
guide:

1. What does the concept of ‘Reverse Logistics’mteayou?
2. To what extent is this perspective shared by goganisation?
3. More broadly, how do think the Reverse Logistioacept could be implemented into
humanitarian operations:

a. In the context of rapid onset disasters?

b. In the context of slow onset disasters/developraetivities?
4. Are there any specific commodities to which reeelogistics can particularly be
applied?
5. To the extent that the organisation does engageverse logistics, is this carried out
in house, or is it outsourced?
6. Does the organization engage in any recycliragtpres? If so, to what commodities

does this apply and how is it undertaken?

The responses from this small sample supportedinldengs from the literature review. For
example, the head of logistics for a major intaoratl NGO indicated that “they did not engage
in any form of RL". Similarly, whilst the head abdistics for another major international NGO
fully accepted that RL was an area on which hisoigation needs to focus in the future, “it was
not currently on their agenda”. In particular, hephasised the division of responsibility
between the programmes and logistics teams, withidle of the latter being that of meeting the
former’s requirements as efficiently and effectyvak possible. Thus, he indicated that it would
be for the relevant programme’s team to make craatfuirement for the movement of items
out of the affected area, he noted that in his egpee, this had yet to happen.

A further observation from the head of logistics dmother NGO was that, in effect, they treated

items brought into the country as donations toafiected population and, hence, they did not
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make any specific arrangements for their subsequense etc as this was a matter for those
who had received the donations. A further challdmgalighted was the need to comply with the
importation regulations with a given country. Foample, these might allow NGOs to bring
items into a country free of any import duties, that these might be levied retrospectively if

material was subsequently ‘exported’.

In summary, it will be seen from the above analgéithe literature that, whilst RL is recognised
as a process that should, in an ideal world, foart pf the HL preparation and response to a
disaster/complex emergency, in reality it has neabilittle attention in either the academic or
practitioner literature and, indeed, amongst thalssample of practitioners with whom this
subject was discussed. With this in mind, the sextion of the thesis will consider the various
activities that are in scope (figure 5.2), andwagys in which they might be operationalised by

humanitarian logisticians.

5.7. Humanitarian Reverse Logistic Challenges and Oppottnities
In considering the potential for RL in an HL cortteik is relevant to recognise that there is a
broad spectrum of materiel that is procured, trartsg and distributed by the humanitarian
logistician. This is generally categorised as:
a. Food Items (FI). Iltems such as rice, flour, itiotr bars, etc.
b. Non-Food Items (NFI). ltems such as tents, @#s)karpaulins, etc.

c. Medical Items (MI). Items such as drugs and reddquipment.

to which, in this context, should be added an &mithi category of:

d. Agency Owned Items (AQOI). Items such as truckd sadios that belong to the

responding agency.
Whilst in theory, all of the approaches to RL o#f@iin table 5.1 could be applied to each of the
above categories, a brief reflection on the reahty and its current maturity would clearly
indicate that not all of the commercial concepes applicable. In particular, it is important to
distinguish between (a) those items that have eenlused, (b) those that have been used and (c)
packaging. Whilst each of these categories hastenpal residual value, table 5.4 offers an
overview of the areas where the opportunities far tise of RL would appear to be most
favourable. It will be noted that noting that tkable broadly aligns with the extent to which RL

is discussed in the academic and practitioneialitee.
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Table 5.4: RL practices applicable in Humanitarianfield

Type of Items Practices

Items that have not been used: Return up the supply chain

Donate

Items that have been used: Re-use
Refurbish/Recondition
Salvage/Recycle
Donate
Landfill

Packaging: Re-use
Landfill

Recycle

The challenges and opportunities will now be diseds first in relation to a number of general
issues, and then using the categorisation withili@o 1 of table5. 4.

5.7.1.General Challenges and Opportunities

As indicated in the earlier part of this chaptée whole area of RL in a humanitarian context
has yet to achieve the traction that it is increglgi enjoying in the ‘for profit’ environment. In a
sense, this is entirely understandable. Given thserce of a profit motive (and associated
shareholder pressure) to drive behaviour, andialsiee face of a challenging funding situation
that has worsened since the Global Financial Crisis clearly difficult for aid agencies to
justify the expenditure of the additional resourdkat would be necessary to manage RL
operations over and above the demands of the difexg outbound network. Put simply, the
current view is that the scarce resources thatasadlable would be better spent on disaster

relief.

However there are many opportunities for the apgiben of RL practices in this field. At one
level improved management of the supply chain, #red associated improved matching of
demand and supply, would help ensure that the pgbhducts are, indeed, delivered to the right

place at the right time. In doing so, wastage — hedce the need to even consider the RL
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challenge would be — avoided (as would the imp&ctnader-provision). One example might be
the use of 3D printing technologies that have tbeemtial to deliver ‘logistics postponement’ —
in other words the manufacture of a item of equiptranly when the demand has crystallised.
However, discussion of ways in which the outboungpsy network could be improved is
beyond the scope of this research. Furthermordrbader application of “green thinking”, be
this in the guise of improved vehicle operation,pioved procurement practices of the
substitution of information for inventory are albeyond the scope of this chapter which is
focussed on ways the generic practices outlingdile 5.1 and, in particular, the sub-set in table
5.4.

That said, and reflecting on the suggestion thaheigs feel that scarse resources are best spent
on direct developmental and/or disaster responétess, it is arguably the donor mindset that
needs to change — be this institutional or goventadelonors, or members of the general public.
In other words, until and unless the imperativeop@rate in a more sustainable way becomes
part of the ‘normal way of doing business’, it ifear that agencies will struggle in the
development and/or operation of similar reversaskogs approaches that are increasingly found
in the commercial context. In reflecting on thisalbdnge, it will also be appreciated that the cost
of implementing a broad range of RL policies ddestlfe same way as for the outbound leg),
not just consist of the transport and storage cbsitsalso those related to the management of the
associated information. These costs are unlikelyettrivial given both the challenging nature of
the physical environment (for example, the potérdemage to pre-existing communications
infrastructure), but will also reflect the time Idmpetween the supply of a given item or

commodity and any decision to return any surplukogo the supply network.

5.7.2.1tems that have not been used

Turning to the groupings in table 5.4, items theténnot been used for the designated or planned
project can potentially be made available in twifedent ways. Firstly, they could be shipped
back up the supply chain to, for example, a warsban the affected country, to a regional
warehouse, or even to the supplier. Alternatividgy could be donated to the affected country.
The main drivers for the choice of action in theemsario would appear to be (a) the item’s
residual value; and (b) the cost of returning teeniback up the supply chain. In this respect, the
determination of ‘cost’ would include both the adt@expenditure involved in the process of
taking an item back up the supply chain, as welsaier aspects such as the potential for

adverse publicity if unwanted items are left in dointry.
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However, there will also be a number of other fectinat may influence such a decision. For
example, the government of an affected country beynore than happy to waive any import
taxes for incoming relief goods, but it is undeostahat some countries will retrospectively
impose taxes on good that are taken back out. Anskchallenge is that, in the case of complex
emergencies, agencies may have to resort to unobamal means of importing relief goods in
order to avoid them being impounded by one factoreanother in a confrontation. In this
situation, and in the unlikely scenario that theg mot needed, any attempt to move them back
up the supply chain would cause considerable diffies and is, thus, unlikely to be
contemplated. A further issue relates to, in paldi; food items and consumable medical items.
Attempts to re-cycle these are clearly challengasgthe aid agency would need to be able to
guarantee to any future recipient that they haenlworrectly stored and that they are safe to be
sent to a new location for use.

Finally, it must be recognised that some aid agenfollow a policy in which goods are donated
to the recipients and, thus, the concept of talgngds back up the supply network is not
contemplated. In short, the poor benefit to cogo far the return of the majority of new items
makes this an unattractive option, and thus thewomf local donation is likely to be adopted.
As an aside, although from a commercial perspedtie can be seen as a ‘reverse logistic’
process, this is arguably not the case in the huer&an scenario where it can be seen as a
variant on the original purpose of the supply chaihich was to deliver material to the
beneficiaries. Nevertheless, and notwithstandirgy dhguments against the return of unused
goods back up the supply network, there is, ingypie, no reason why such an approach should
not be adopted. For example, the policies of aidnags could be amended to reflect the
potential for return of goods and their subsequeset in a more pressing scenario. Similarly, it
may prove possible to negotiate with governmentthab they, too, accept that other countries
may be in greater needs of items that are surplusguirements in their own country. By the
same token, the return of medicines and foodstdtdd be achieved in a safe and secure way —
however, as indicated earlier — all of these apgres would require a greater focus on the

importance of the RL supply chain than is currettily case.

5.7.3.Items that have been used
In principle, the same arguments discussed aboileapply to items that have already been
used. Therefore, as before, the hard and soft ibetwefcost ratio is likely to be the key
determinant. That said, in the case of Agency Owitexhs (such as trucks and radios), the

default setting is likely to be that of returnirigetitems for re-use in another operation (after any
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necessary repair or refurbishment). A similar appromay be used for other expensive items —
for example, the Italian Civil Protection organisatuses a particular type of tent that is valued
at some 10,000 Euros and so such items are alsly li& be returned for subsequent re-use.
More broadly, and unlike the commercial scenahe, tolume of material that is returned back
up the supply chain is likely to be small and, tierinore, the volume that requires refurbishing
and/or reconditioning is also likely to be extreynklw, making the unit cost of such activities
high.

The practice of salvaging or re-cycling materialeme of the few areas that are mentioned in the
study of the operational reports. In particular G-Bncourages “the use of salvaged materials”
(IFRC, 2011, pp. 32) and their reports underline éxtent to which families in developing
countries can make use of such materials. Howelere is clearly potential for both negative
publicity here as well as a real danger of injunyiliness being caused by inappropriate
salvaging techniques. This could, in part, be rateg by the introduction of appropriate
contractual arrangements whereby, in addition togua 3rd party organisation to manage and
operate the outbound supply chain, it is theoriyigntirely possible for aid agencies to let
contracts with appropriately qualified and expecesh companies who can operate as their
agents in the salvaging/recycling of materials. ©mgain, however, this would require a
considerable change of mind set amongst many partuding national governments, donors,
recipients, as well as the agencies themselveséstmh an approach is likely to gain traction.
As indicated earlier, the donation of used items iwell understood and well used practice
within the sector, and indeed is the major subjkeat was uncovered in the literature review.
Clearly there is a double benefit here in that déiee agency is making a contribution to the
population of the affected country, whilst at tteene time it is avoiding the potential costs of
alternative scenarios such as returning the itenthepsupply chain or ensuring an appropriate
means of its final disposal. However, even the togaf material to those affected by a disaster
has potential challenges in that some items mapaaserviceable after their initial period of use
and may, therefore, cause unintentional illnessnpury. The question then becomes one of
assessing the implicit risks of a donation polidyiah, in turn, will consume scare manpower
and financial resources.

Within the RL literature, disposal of products inendfill is seen as the ultimate fall-back
position — i.e. the one to be adopted when theeenar other alternatives available that will
capture the residual value in a cost-effective wWaiyen the potential for negative publicity and
also mindful of the general sustainability orieittatof aid agencies, there is a considerable
focus within the literature on achieving approgigiractices in this regard. However, the

literature is also clear that one of the main @majes for these activities is that of engaging with
104



the disposal practices adopted within the affectsdmunity and, where appropriate, attempting
to reduce the environmental impact of poor prasti@es in the case of the return of unused or
used good up the supply network, it is entirelysiel® for aid agencies to engage local or
international contractors to undertake the wasgpatial in an appropriate and sustainable way —
although it is fully recognised that such an apphoaould not only be extremely costly in cash

terms, it would also run counter to the prevaildfural norms in many countries.

5.7.4.Packaging

The issue of the appropriate disposal or recycbhgpackaging materials is one of the most
challenging facing the aid organisations as dematest by the work of the INSEAD
Humanitarian Research Group (2010) who noted tbates7 million bottles of water were
donated by North American companies to Haiti durthg first two months after the 2010
earthquake. Interestingly, and notwithstandingdlear potential environmental impact of such
packaging, there is relatively limited discussidrthos subject within either the academic or the
practitioner literature. It is suggested that iBig&n area on which agencies should focus in the
future as being one which would have clear bemefterms of both practice as well as from a
publicity perspective. On the one hand, the issuweand the proper disposal of such packaging
are broadly the same as those relating to usedupt®cs discussed above. Thus, there is the
potential, at cost, to become stricter in ensuthrg the disposal actions are appropriate and do
not cause further environmental or other damage.

As an alternative, a number of companies acrosgltiiee have developed packaging that is re-
usable, or can be used for a secondary purpos@nfexample, the ‘Clip-Lok’ company has
developed a wooden box, the primary use for whechoitransport large tents (such as food
halls). However, it is designed in such a way thaan subsequently be converted as the basis
for a field latrine. It is suggested that similanitiatives can potentially be developed and,
thereby, reduce both the inflow of relief itemsvesll as reducing the volume of material that
would otherwise require disposal. That said, irasognised that, in addition to the cost of
development of such multi-use packaging, there st associated with educating the final
users who may view such packaging as having somma fif residual value (such as an
alternative source of fuel), and who may, therefdae reluctant to embrace its return up the

supply chain or conversion to another use.
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Table 5.5: Humanitarian Reverse Logistic Challengeand Opportunities summary

Type of ltems  Examples Practices Drivers & Factors Challenges
Items that have Medicines, Return up the supply Residual Value & Cost of returning Guarantee correct, safe and secure
not been used: Food items, chain Government Policies (import-export transportation way
Hygienic kits, Donate taxes) Negotiate with government and make
Poor benefit of cost ratio acceptable the transportation to other

countries with greater needs.
Avoid Negative Publicity

Items that have Trucks, Radios, Re-use Residual Value & Cost of returning Avoid illness and injuries caused by
been used: Tents, Refurbish/Recondition Requirement in other emergencies inappropriate re-use or reconditioning
Expensive ltems Salvage/Recycle High unitary cost of
Donate refurbishing/reconditioning
Landfill Use of 3rd party organisations for managing
the reverse flow, that requires a change in
mind set of governments, donors, recipients
Education of people about best practices for
landfill
Packaging: Bottles, Wooden Re-use Great Impact of packaging Make the packaging reusable as packaging or
boxes, Landfill low value of items for other uses
cardboard boxes Recycle high number of used items Education of people to reuse the packaging

or conversion to other uses
Education of people about best practices for
landfill or recycling
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5.8. Discussion

The aim of this part of research was to descrilweaaralyse the challenges and opportunities for
the application of commercial reverse logisticscpcas in a humanitarian logistic context. In
doing so, it has sought to understand the currtaté ®f RL practices within the HL field, and
the extent to which commercial approaches can badht to bear. Unfortunately, it is clear
from the above analysis that there remains a ceraide gulf between current and developing
commercial practice and that found in a developngentext or in the aftermath of a disaster or
emergency. At one level, this is entirely underdtdole. In essence, and in light of their
exceedingly taught budgets and the increase imaingbers of beneficiaries needing assistance,
it is totally unsurprising that aid agencies see tutbound supply chain as their priority.
However, this situation broadly reflects that secenaf commercial supply chains prior to, say,
the turn of the millennium. However, since thenr¢hleas been a sea change in thinking, driven
by both the pressure of public opinion as well@gnition that RL need not necessarily be a
huge drain on resources. Indeed, with the increasiee use of the internet as a sales medium,
the easy return of unwanted purchased is now aengsgk element of many business

propositions.
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Table 5.6: IFCR database available at https://wwwific.org/en/publications-and-

reports/evaluations/
Type Date of the| Title of the report URL (accessed 22 October 2014)
report
Cluster 310ct2013 Review of the Fiji Shelter Cluster|ihttps://www.ifrc.org/Templates/Public/Pages/Evaluat
evaluation Response to Tropical Cyclone Evan nDatabasePrint.aspx?a=-
51074&catid=38&loccode=SP
Final 01Sep2011 Pilot project: Building sustainablbttps://www.ifrc.org/Templates/Public/Pages/Evaluat
evaluation local capacity in the branches of theDatabasePrint.aspx?a=372&catid=55&loccode=SH
Burundi Red Cross Society 4Bl
Case 01 Jan 2011| Bringing people back home https://lwww.ifrc.org/en/publications-and-
study/research The long path of a successful reports/evaluations/?c=&co=&fm=1&fy=2011&mo=&
reconstruction programme in Peru | mr=1&r=&ti=in%20peru&tm=11&ty=&tyr=2013&z=
Evaluation 09 Jul 2013 | Americas Club 25 Evaluation Report  sattpww.ifrc.org/Templates/Public/Pages/Evaluati
Report nDatabasePrint.aspx?a=-
45335&catid=39&loccode=SP2
Review 10Apr2011 Asia Pacific Zone Review of thedRehttps://www.ifrc.org/Templates/Public/Pages/Evaluat
Cross Red Crescent DisastenDatabasePrint.aspx?a=428&catid=28&loccode=SkF3
Response Capacity
Survey 13Sep2013 Beneficiary Satisfaction Surveystps://www.ifrc.org/Templates/Public/Pages/Evaluat
Emergency Operations 2012 JamalicaDatabasePrint.aspx?a=-
and Dominican Republic 47957&catid=28,%20202&loccode=SP249D0O,%205P
249IM
Final 20Mar2013 | Comoros Flash Floods Emergentytps://www.ifrc.org/Templates/Public/Pages/Evaluat
evaluation Appeal Evaluation nDatabasePrint.aspx?a=-
40000&catid=13,%2030,%2039,%2053&loccode=SpP1
64KM
Final 15Aug2013 | Water, Sanitation and Hygienbttps://www.ifrc.org/Templates/Public/Pages/Evaluat
evaluation Promotion: Final Evaluation -HaitinDatabasePrint.aspx?a=-
Earthquake Operation 46644&catid=53&loccode=SP249HT
Final 170ct2012 | Global Organizational Developmenthttps://www.ifrc.org/Templates/Public/Pages/Evaluat
evaluation Building sustainable local capacity jonDatabasePrint.aspx?a=-
the branches of the Ghana Red Crgs83115&catid=54,%2055&loccode=SP161GH
Case 300ct2013 Green Response, case studies of Haftps://www.ifrc.org/Templates/Public/Pages/Evailuat
study/research and El Salvador Operation nDatabasePrint.aspx?a=-
50829&catid=78&loccode=SP243SV,%20SP249HT]|
Final 300ct2013 Haiti - Lessons Learned & Bedittps://www.ifrc.org/Templates/Public/Pages/Evaluat
evaluation Shelter Practices nDatabasePrint.aspx?a=-
61816&catid=9,%2038&loccode=SP249HT
Final 13Aug2013 | Informe final de  Leccionesttps://www.ifrc.org/Templates/Public/Pages/Evaluat
evaluation aprendidas en Inundaciones | yDatabasePrint.aspx?a=-
Deslizamientos - Bolivia 2011 46521&catid=13,%2016,%2028&loccode=SP246B0
Review 20Apr2011 A Review of the IFRC-led Sheltdrttps://www.ifrc.org/Templates/Public/Pages/Evaluat
Cluster Haiti 2010 nDatabasePrint.aspx?a=346&catid=9,%2038&Iloccqgde
=SP249HT
Final 06Aug2013 | IDRL in Haiti: A Study on the Legalhttps://www.ifrc.org/Templates/Public/Pages/Evailuat
evaluation Framework for the Facilitation andnDatabasePrint.aspx?a=-
Regulation of International Disaste50093&catid=77&loccode=SP249HT
Response in Haiti
Cluster 01Jan2011 Shelter Cluster Review: 200&tps://www.ifrc.org/Templates/Public/Pages/Evailuat
evaluation Indonesia Earthquake nDatabasePrint.aspx?a=334&catid=9,%2038&Iloccqgde

=SP351ID
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Cluster 01Jan2011 Shelter Cluster Review 2009 Wadsttps://www.ifrc.org/Templates/Public/Pages/Evaiualt
evaluation Sumatra Earthquake nDatabasePrint.aspx?a=344&catid=9,%2038&Iloccqgde
=SP351ID
Cluster 08Dec2011 | An Evaluation of the Hait| https://www.ifrc.org/Templates/Public/Pages/Evailuat
evaluation Earthquake 2010 - Meeting SheltenDatabasePrint.aspx?a=419&catid=9,%2038&loccade
Needs: Issues, Achievements andSP249HT
Constraints
Case 05Aug2013 | Annual ISD Report https://lwww.ifrc.orgfiiplates/Public/Pages/Evaluat
study/research nDatabasePrint.aspx?a=-
51162&catid=56&loccode=SP
Review 01Jun2012 Preparing for and Responding htps://www.ifrc.org/docs/Evaluations/Evaluationg962
Large Scale Disasters in High Incom@012/AsiaPacific/JPTsunamiEarthquakel2_report.pdf
Countries: Findings and Lessons
Learned from the Japanese Red Cross
Society’'s Response to the Great East
Japan Earthquake and Tsunami
Case 01Jan2011 Community  Disaster  Respops$gtps://www.ifrc.org/Templates/Public/Pages/Evailuat
study/research Teams in Action Saint Lucia, 2010 | nDatabasePrint.aspx?a=383&catid=29&loccode=SP24
9LC
Review 150ct2013 Zambia Floods MDRZMO008 DRERttps://www.ifrc.org/Templates/Public/Pages/Evaluat
Review nDatabasePrint.aspx?a=-
49906&catid=13,%2028,%2031&loccode=SP163ZM
Survey 29Mar2013 | Survey on ICT capacity in Natiopattps://www.ifrc.org/Templates/Public/Pages/Evalmalt
Societies nDatabasePrint.aspx?a=-
51046&catid=56&loccode=SP
Real-time 20 Jan 2011| Pakistan: Management Responsehtips://www.ifrc.org/docs/Evaluations/Evaluation$20
evaluation the RTE of the IFRC Pakistan Flood#Asia%20Pacific/2010%20PakistanFloods.RTE/Manag
Operation 2010 ement%20Response%20to%20Pakistan%20Floods%z
0-%20final_28Feb2011.pdf
Mid-term 29Nov2011 | Pakistan Floods 2010: Evaluation ottps://www.ifrc.org/Templates/Public/Pages/Evalualt
evaluation the Relief Phase of the Red CragssDatabasePrint.aspx?a=404&catid=13&loccode=SP35
Red Crescent Monsoon Flash Flogd2PK
Operation
Mid-term 170ct2013 Evaluation of the Somali Retttps://www.ifrc.org/Templates/Public/Pages/Evaluat
evaluation, Crescent Drought Respons@DatabasePrint.aspx?a=-
Review Operation 2011 50063&catid=8&loccode=SP164S0O
Final 08Nov2011 | Vanuatu:Cyclone Vania Drehttps://www.ifrc.org/Templates/Public/Pages/Evalualt
evaluation Evaluation nDatabasePrint.aspx?a=395&catid=23&loccode=SP 35
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6. Debris management in post-earthquake operation: an

Italian case study

During the last decades, according the literatlif®as & Kopczak 2005; Tang, 2006) there
have been an increasing number of disasters asdrémd will continue in the course of the
next years. This has led and will lead to an ineega terms of the humanitarian organisation
effort. This effort has been widely studied in terof resource allocation in the operations
(Barbarosoglu et al., 2002), aids distribution (Bno & Vassiliou,1993; Balcik, 2008)
coordination between the organisations (Kovacs &rSp 2007) and humanitarian context
(Van Wassenhove, 2006), to give just some examplbse little research has been carried
out concerning the managing of the disaster's ptsd(e. g. Poon et al., 2001). This study
considers some earthquakes that hit Italy in regeats in order to understand the response
from the Italian organisations to these disastarparticular the research is focused on debris
management. Debris management is an important tbsiieds emerging in an environment
where sustainability is increasingly important (Mals et al. 2008). The importance of
sustainability in this circumstance has to be sethe possibility for the population to restart
their lives as soon as possible, jointly with thi@imisation of the impacts that the operations
can cause. For this reason effective strategic @petational guidelines are essential. In
particular in countries that are considered as fils¢ world the focus isot just in food
deliveries or health support rather on what shéedlone in order to restart the supply chain
as it was before the disaster.

Disaster waste management is a well-recognised lggroldor humanitarian operations
(Brown, 2012), it is important in all the operatsothat concern areas where the recovery of
materials could be useful for the entire commurtycording to Blakely (2007) there are two
different phases concerning debris managementfifgtghase, in the post-disaster situation,
iIs more focused on ‘cleaning’ the area hit by tieaster. By ‘cleaning’ the author means
removing debris from the critical routes to alldve ttransit of the vehicles. On the other hand,
the second phase is a long-term operation and owhcthe removal of debris and
reconstruction of the area.

Experience shows that disaster waste cannot begednay standard disposal options but
often requires an ad hoc manner. However, frongstic flow management point of view, a
substantial improvement could be made in futur@aese efforts. Moreover reducing and

recycling these materials enables saving of lansifdce, reducing the environmental impact
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of producing new materials, creating jobs, and oaauce, overall, the building project
expenses through avoiding purchase/disposal costs.

As recently discussed in the literature, an ovetmireg amount of waste is normally left after
a disaster (Brown, 2012). Earthquakes, in particiganerate shock waves and displace the
ground along fault lines. These seismic forces lmamg down buildings in a localised area
and damage buildings and other structures in avider area. Earthquake waste includes
construction and demolition materials consisting tbe debris generated during the
construction, renovation, and demolition of builgknroads, and bridges (Brown et al., 2011).
This kind of waste often contains bulky, heavy miate, such as concrete, wood, metals,
glass, and salvaged building components. Moreavds always necessary to clean and
separate different waste materials coming fromstérae place and manage the mixed waste
that is not separable.

In this chapter, post-disaster management opestom analysed with particular attention on
debris management as the combination of procestasegies and actors. The aim of this
chapter is to present an accurate picture of wappéned during a genuine lItalian case study
in the post-disaster phase when faced with thowsafidons of debris produced by the
earthquake, and what post-disaster waste managestategies and challenges were
identified from these post-disaster operations.eHbe application of a case study analysis is
provided with the main purpose to offer to the exad collection of real data in terms of
waste flow quantities, transportation distances muntiber of demolition points and landfills.
The chapter offers for the first time a waste managnt process description with the
subdivision in tasks: this set of data and infdioracould be used by the readers in a wide
range of domains in which information is incomp)etemodelling future waste management

processes or in validating present analytical ngdel

6.1. Literature review
The papers on humanitarian operations dealt wighdéfinition of the humanitarian field
(Van Wassenhove, 2006; Kovacs & Spens, 2007; Masdttmann, 2008; Apte, 2010) and
with the challenges (Beamon, 2004: Oloruntoba, 200mmas & Kopczak, 2007) and the
context (Gustavsson, 2003: Kovacs et al.,, 2009 wihich the organisations involved
usually have to be familiar. In particular the dint actors involved (Kovacs & Spens, 2007,
Baumann, 2008), the operational space (Tomasini & WVassenhove, 2004; Van
Wassenhove, 2006), the training needs (Allen ¢t28113) and the different needs of the
population (Delgado et al., 2013; Battini et aD12) meant this operation was highly critical

from a management point of view. In fact the cooation between different organisations
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(Balcik et al., 2010; Jahre & Jensen, 2010; Akletaal., 2012), the presence of unsolicited
donations (PAHO, 2001; Stapleton et al, 2010) different bottlenecks present in the supply
chain (Destro & Holguin-Veras, 2011) and the ladkqoality real-time data (Kovacs &
Spens, 2007) are just some examples of what theatope had to tackle, and on what the
researchers have focused in this study.

In this particular context this research focusedooe important issue that can, in some
circumstances, be critical to the operation immietiygpost the disaster: waste management.
Specifically, its application in post-disaster ag@ns, hence in critical situations, ‘when a
disaster strikes, especially in densely populatedsa huge amounts of construction waste
and other kinds of wastes are suddenly producedadding immediate attention’ (Lauritzen,
1998).

Waste management is a topic broadly dealt wittheliterature (Pires et al., 2011; Wilson,
2007). It considers the management associated avithde range of refuses such as solid
waste (Metin et al., 2003; Manaf et al., 2009) oadtive waste (Holdren, 1992) toxic waste
(Derrington, 1988) or construction demolition debwaste (Lee et al., 2006). All these
typologies of waste streams generated by a dishater been classified recently by Brown et
al. (2011). In particular the authors proposedassification that was focused on three main
areas: Planning, Waste Characterisation and TgeaWaste. Planning considers the
difference between waste management in developexyldB 2000) and in developing
countries (Wilson et al. 2006; Manga et al., 20Q8runasena et al., 2012; Guerrero et al.,
2013); the waste characterisation, considers thtifes associated with scrap of a particular
composition (as introduced above) and quantity. édeer Brown et al. (2011) categorised
the different options for treating waste such &yekng, temporary staging sites and disposal.
Brown et al. (2011) presented a qualitative speaiiibn of waste management activities
without talking the question of the environmentaipact of different strategies. This
classification is very helpful because it summariak the aspects that this chapter deals with:
planning in a developed country, debris flows aebrid management flow (treating waste)

that will be introduced in the next paragraphs.

6.2. Case study and methodology
This chapter aims to report the findings from pdisaster waste management strategies and
challenges identified from the post-earthquake afpmms in Emilia Romagna. Data was
gathered through interviews with government and-gavernment organisations, at national
and local level, that were involved in post-disastiebris operations. In particular the

organisations that were involved in debris collaetand landfill management are considered
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in this research. Moreover specialised websitegwecessed to get data about the actors and
the beneficiaries involved in the debris operatiofBrotezione Civile Italiana:
www.protezionecivile.gov.it, Regione Emiglia Romagwww.regione.emilia-romagna.it).

On 20th May 2012, at 04:03:52 Italian time, a shofkmagnitude 5.9 occurred with its
epicentre approximately 36 km north of the cityBaflogna, between Finale Emilia and San
Felice sul Panaro (figure 6.1), following a foreskdhat had occurred 2 hours earlier. This
first shock was followed by others shocks, in fact 29th May 2012 a second shock,
magnitude 5.8, with its epicentre in Medolla, hie tsame area (Tertulliani et al., 2012) with
more than thirty aftershocks over the next 20 daye area suffered a high level of damage
in particular the municipalities of Camposanto, @arCavezzo, Concordia, Medolla,
Mirandola, Novi, San Felice Sul Panaro, San Possii&an Prosepro and Soliera.

The considered earthquakes caused twenty-sevditiéatamore than 350 wounded and a
high level of damage in terms of homeless (estichate450,000) and unliveable buildings.
One of the main problems faced by the ltalian aitibe was the debris management
associated with the destroyed buildings. Indeeel ldhge quantity of waste materials present

in the cities made them dangerous, preventingetiiZrom carrying on with their everyday

lives (Bonomi & Casazza, 2013).
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Figure 6.1: Emilia Romagna earthquake epicenter

In the area hit by the disaster thirty-two refugaenps were placed but the municipalities also
made available hotels, gyms and schools in ordeatisfy the first wave of people who had
lost their homes. Six Emilia Romagna civil protentteams were employed in order to verify
essential camp services such as electricity, dgaindhydraulic and hygiene systems

(http://www.regione.emilia-romagna.it/terremotofa@?b_start:int=520).
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6.2.1.Actors involved
According to Kovacs and Spens (2007) in a humadaitaaid operation many actors are
employed that have to collaborate and be coordinaterder to achieve the goal of meeting

the needs of the beneficiaries. These are presanfeplire 6.2.

Actors Operators | Vehicles
Firemans 695 304
Donors Army 334 60
LOngthS .‘\ld agencies Itahan PO|ICE 357 136
providers -
— Traffic corps 144 46
Humanitarian
aid s11-p1?1—y Italian Finance Police | 48 16
network
Forest Service 59 29
Military Other NGOs
Red Cross 239 97
Governments Department of Civil 82 -
Protection
Volunteers of Civil 1316 -
Protection
Total 3274 688

Figure 6.2: Actors in the humanitarian aid supply retwork according to literature
(Kovacs & Spens, 2007) on the left and list of aa®involved in the Italian case study on

July 25, 2012 (source: www.protezionecivile.gov.in the right.

The literature underlines how coordination betwé#®se organisations can be challenging
(Kovacs & Spens, 2009) and that it is an issue typtally has to be managed (Kovacs &
Spens, 2007). Various actors were involved in tbst4earthquake management activities in
Emilia Romagna, that differed from the cases preseim literature, from a directional board
to more operational roles.

After the first event, on 22th May 2012, the Itali@ouncil of Ministers declared a state of
emergency for a duration of 60 days in the Mod&earara, Bologna and Mantova provinces.
On 30th May the state of emergency was extendethéoReggio Emilia and Rovigo
provinces. The chief of operations for this firbiase of response was given to the Italian civil
protection department chief.

This leadership changed on 2nd August 2012, whenréisponsibility passed to the ER
region’s This transfer reflected the ngrgon

president. to a second phase
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(http://www.protezionecivile.gov.it/jcms/it/terremoto_emilia_2012.wp) of the disaster and
the end of the most critical response phase. Tégsame is the one presented in literature by
Kovacs and Spens, (2007) and Blakely, (2007), whbee transition from response to
reconstruction is underlined. The life span fits tine proposed by Charles, (2010), in fact the
duration of immediate response and support phaassalmost three months (see figure 6.3).
From the 25 of August 2012 the emergency campsestdo be progressively closed and
about 2 months later, by the end of October, dll/-fwo camps were closed and new

containes were installed.
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Figure 6.3: Resources versus time according to Iri@ure (Charles, 2010) above, and
number of operators involved versus time followinghe two Italian earthquakes below

(elaborated from www.protezionecivile.gov.it)

The actors involved in the Emilia Romagna poststeaoperations were different, with
diverse assignments engaged at different timesmiitle operation’s timespan. The first actor
to arrive in the area was the central Italy civibfection department chief, jointly with some

experts. They arrived to carry out a general inspedmmediately after the disaster hit the
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area. Moreover they discussed with the Emilia Ramagegion president and with the
regional civil protection chief a first situatioript. From this first step the main aids and
national support were planned. In particular teafitechnicians and vehicles were sent to the
area for an evaluation of the damage and to cadleisimic data. In the first 48 hours after the
disaster about 5,300 persons needed assistanedant3,000 operators provided first aid.

In function of the previous collection of data wesent sanitary modules from four Italian
regions and five regionahobile columns of the civil protection Voluntary r8ee were
immediately employed in the area. These columnsirgdependent departments within
regional civil protection, with their own vehiclemlunteers and tools. These civil protection
departments are coordinated by the central Italyl g@rotection department. They are
deployed in construction and management of refugeeps and in helping the locals with
maintenance and support operations. Further indipervolunteer groups and associations
are engaged in order to assist the population ditierent duties. During operations the
national police are active in public security amevgnting incidents of profiteering.

After the second earthquake on May 29, 2012 the beunof persons involved in the
assistance rose to a maximum of 5,300 operatorgemporary involved in helping about
16,000 persons needing assistance.

In figure 6.4 the major kinds of waste managedrafte earthquake are depicted and
classified in two distinct categories: direct amdlifect waste. House and building debris
represents the majority of the waste and for théson in the next paragraph | will investigate
them in detail. The waste management operations earied out by different actors. All the
activities were led by the local waste managemeiip agency, which also coordinated
private service and logistic providers, natione ftorps, the military and national association
of volunteer surveyors for civil protection (A.GeoB. The military and the national fire
corps were engaged in assistance activities foptipailation, moreover, with the A.Ge.Pro.,
they were employed to verify the buildings. Similarwhat happened in Abruzzo (Brown et
al., 2010) activities were carried out by the naaiofire corps. Furthermore the military and
the national fire corps were employed in removiegris. This final operation was carried out
with the help of local waste management organieatibat are usually responsible for waste
management operations, before and after the eaftkquhese organisations followed the
debris process that is presented in the next sectio
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WASTE MANAGED AFTER THE ITALIAN
EARTHQUAKE

DIRECT WASTE INDIRECT WASTE

DEBRIS

CAMP MEDICAL DEVICES

DOMESTIC EQUIPMENT
AND VEHICLES

CAMP FOOD PACKAGING

INDUSTRIAL MACHINES REUSABLE CAMP
AND MATERIALS

EQUIPMENT

DISPOSABLE CAMP
EQUIPMENT

Figure 6.4: Classification of the waste typologiesianaged after the Emilia Romagna

earthquake (elaborated from www.protezionecivile.ge.it)

6.2.2.Debris management operations

In the area under study, about 39,000 buildingsevirspected after the earthquakes in order

to evaluate their liveability. A specific evaluaticard (called an Aedes card) is used to

evaluate the damage; this is a standard tool usepublic and private buildings that have

reported damage in order to have a standardisddagia carried out. The tool forecasts six

different categories of damage, summarised inahketbelow (table 6.1).

Table 6.1: Aedes categories of damage (from: www.ptezionecivile.gov.it)

Categor
y Classification Features
o . The building can be used entirely without hazard tfee
A Building Liveable .
residents
Building Temporarily Unliveabl o ) ] _
_ ) _ The building is temporarily unliveable, but needmg minoi
B (entirely or partially) but liveabl _ . ' '
. _ repairs to be used entirely without hazard forrdsedents
after some minor repairs
o _ _ Some parts of the building present a high levehadard fo
C Building Partially Unliveable )
the residents
o Building Temporarily The judgment of liveability is uncertain. A more depth

Unliveable, needs re-inspection

inspection is needed, until then, the buildingas liveable
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A building is not liveable due to structural damaget
structural and geotechnical risk (E). Otherwiseisit not
liveable due to grave external risk (F), even withany
o . significant damage to the building
E,F Building Unliveable _ _
If (E) the reparations need a project by techni@marder tg
reinstate or reinforce the load-bearing capacity tbé
building. If (F) the buildings are subjected toexial factors

other unsafe buildings

The results showed that 36% of the buildings werenediately liveable, 18% were
temporarily or partially unliveable, 36% were ndtfor habitation while the remaining 5%
was not liveable due to external precarious eleméhere were some external elements that

were not fixed that could have affected the budglin

6.3. Debris management process

The process presented in this paragraph is theewizahagement process utilised for the post-
disaster debris in the municipalities hit by theotearthquakes. These municipalities are
located close to the earthquake epicentres antharenes that suffered the highest level of
damage (depicted in figures 6.5 and 6.6). The pooeaitlined is the product of a study of
local organisations’ practices in waste managemwhich were supported by interviews
undertaken by the authors and data collected bgrgovent agencies.

The processed materials were debris from privatieirastustrial buildings (destroyed building,
classes ‘E’ and ‘F’). The total amount of this flovas the total that had originated directly
from the two close-together earthquakes and bygudlsequent demolitions: the total quantity
of waste materials managed in the area reachedt &d®Jj000 tons by the beginning of
August 2013 and about 500,000 tons by the end D3 2@cluding the Ferrara province).
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Figure 6.5: Amount of debris (in tons) collected ad transported from the municipalities hit

by the two earthquakes to the five landfills (bludriangles). Elaborated from:

www.regione.emilia-romagna.it.

During the period before the earthquake these ldsdfere used to process municipal solid
waste from the bordering localities. Hence the fiisdused in debris operations were not

started ex-novo rather the organizations usedstriratures already in place.
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Figure 6.6: Building demolition sites and landfills position (white squares) in the area hit
by the earthquake.

Some definitions used in the next sections:

- Intermediate Landfills (deposits): are the fiwamsidered landfills that were considered
which are situated in the disaster area. These marthe final locations for the debris, indeed
the materials were eventually taken to the finabfdls to be covered, once the authorities
had chosen the sites.

- Final Landfills: the final debris locations. Thesere chosen by the authorities and are
the landfills that needed the final covering.

- Waste treatment (debris grinding machines): tregenmls were treated in order to
obtain a more homogenous material to cover thdfiland

- Waste selection: the materials that could becssteand taken off quickly (wood,
metals, plastic, cables,...) were sorted from #sdual materials that went on to the main

process.

121



DEBRIS MANAGEMENT PROCESS

1. Demolition

2. Empty truck to demolition site

3. Debris loading

4. Debris transportation to landfill

5. Waste selection in landfill

6. Inerts storing in landfill and other
waste treatment

7. Debris grinding

8. Transportation and landfill covering

Figure 6.7: Debris management process subdividedtmeight consecutive activities

The main process is composed of eight differensgbdfigure 6.7). These can be split into
three macro stages: the first stage concerns thati@as made in the dismantling sites (1, 2, 3,
4), the second stage of activities regards thegs®dn the intermediate landfills (5, 6, 7)
while the third and last part of the process isedanthe final landfills (8).

The first phase concerns the management of all bigomosites, by purchasing demolition
services from private companies. About 1,200 différdemolition points were managed in
the hit area in accordance with the map depictefigure 6.7. After the demolition empty
trucks were needed at the point where there wagsdél). Here the trucks were loaded by
hydraulic excavators (phase 3) and went back,diutlebris (phase 4), to the landfills where
they were processed. One of the five landfillsadtrced before was associated to the area. In
this first stage a macro selection was carried lputhe operators, this means that all the
materials that could be easily sorted were sephtateype of debris; these were usually big
planks or large household electrical appliances.

The intermediate landfills were not the final plaeehere the materials were used for landfill

covering. Once the trucks arrived the debris watedqphase 5). During the waste selection
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the materials that could be selected and recyalezkly (wood, metals) were sorted from the
residual materials that went on to the main pracess

After the materials were stored in the landfillh§se 6) they were handled and processed by
grinding machines in phase 7 inside the landféinpl During this phase the materials have to
be treated in order to have cleaner and more honooagevolumes and shapes for their final
utilisation to cover the landfill. All these actigs are done in what | have called
‘intermediate landfills’ (deposits) that are sihin the disaster area.

These are not always the final locations for theride indeed a percentage of the materials
will eventually be transported to final landfilleat have to be covered, once the authorities
have choose the preferred places. The procedureeitid transportation to the final landfill
and its covering (phase 8). Landfills for the fidebris locations are chosen by the authorities

and are the landfills that need the covering.

6.4. Debris management issues
The post-disaster debris management process desasbnot yet complete. According to
Bonomi and Casazza (2013) just half of the probassbeen completed (figure 6.8) because
there is uncertainty about the final use for theride Considering figure 6.8, the debris is
currently waiting in the intermediate landfills. 8fie are two main problems associated with
this uncertain situation: the landfill's congestiand the high costs in terms of transportation
associated with further handling of the debris frim intermediate landfills to their final

destination.

e ey
P

I~ N

Figure 6.8: Debris operations process situation ithe Italian case study

According to Bonomi and Casazza (2013) two othtaradtives in term of final use could
been considered in addition to the covering prqcéssally leading to three alternative
possibilities:

» use the collected debris to cap decommissionedillan@e. the covering process);
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» use the collected debris as raw materials to odd floors and new parking areas;

» use the collected debris to build the foundatidres wew national highway.
The main problem associated with the last two ogtioegards the presence of ‘dirty’
materials (e.g. plastics and wood) in the debris dannot be used as construction materials,
moreover the lead time for the highway’'s constarcis not definite, there is no final project
for it, and could therefore have a long lead time.
For these reasons the option of using the procedskds to cover the landfill is the most
probable. The real issue associated with this ehmegards the impact of the transportation.
Indeed it can vary if | consider it as a functidritee distance from the intermediate landfill to
the final one. This is the most variable datum {jBatt al., 2013) and it has to be taken in
consideration when making the final decision altbet debris. Indeed if the distribution of
the landfills that have to be covered are withie amnea this solution could be good in terms
of emissions; on the other hand, if the final lallglfare far from the damaged areas the
solution starts to be critical. This response tsriesting because the concentration of landfills
to be covered is not close to the earthquake &eaomi& Casazza, 2013). This problem in
terms of transportation to the final locations has yet been taken into consideration by the
organisations and it will be able to have a highmgract than if they were considered before.
The second issue concerns congestion of the l&diihe four considered landfills are
usually used to store and process the municipalid svaste from the central-north province
of the area. The huge amount of debris in thesseplhas led to the landfill being in a state of
congestion; this needs to be considered in thé detaris management lead time to reduce its
impact.
In figure 6.9 the timetable for demolition procemsanagement is presented. The data was
collected through direct interviews and documentailable from the websites of the

municipalities in the Emilia Romagna region.
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Figure 9: The ‘S’ curve of the building demolitionactivity after the earthquakes from

June 2012 to July 2013 (source: elaborated from th@unicipalities’ websites)

The graphic in figure 6.9 shows the lead time thasts between dispatching the demolition
sites listed by the municipality and the closuretltg demolition sites after the debris was
been processed.

The case study presented here can easily be codnwétethe other recent Italian Earthquake
that happened in Abruzzo (in the city of Aquila idg2009), presented by Brown et al.,
(2010a) and Brown et al., (2010b). Despite thigshemrake having similarities with Emilia
Romagna, there are some issues that were facededttfy.

In the Emilia Romagna earthquake the sorting wasedafter the debris collection and
transportation to landfill, unlike in the Abruzzaréthquake (Bonomi& Casazza, 2013) where
the lead time in terms of collection was signifitaionger because the waste selection and
differentiation was operated directly by each detionl site. The Emilia Romagna approach
led to an improvement in terms of reducing the amiaaf debris in the area hit by the
disaster, assuring the practicality of the streetsshorter time. Moreover, figure 6.9 shows a
good lead time for the demolition sites’ operatiolmsfact in this first phase of the process,
from the start of the demolition process (presémtabf the demolition sites list by the
municipality) to the closure of the demolition siteok just one month with a total waiting
time of two months from the first inspection of theilding to its final demolition. The

distance between the intermediate landfills anditte# ones should be considered in order to
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minimise the total social impact, humanitarian objye (Tatham & Houghton, 2011;

Holguin-Veras et al., 2012). This issue has to éatdvith in order to minimise its possible
social and environmental impact. Finally, the auttewzommend future research in this field
capable of efficiently coupling the Life Cycle Assenent techniques with the economic
analysis in order to choose which of the waste mament alternative solutions should be

adopted to reduce costs and environmental impanicH.

6.5. Case Study Conclusion
In recent years, many earthquakes have hit therntakrritory and some of them have
produced high levels of damage — earthquakes wezestrongest for the populations in
Abruzzo and Emilia Romagna. In this new era of ma@&shazard new strategies for
management have to be carried out in order to respaore effectively to the disasters. In
this optics this part of the study aimed to explareat had been done in Italian debris
management operations and what has to be improwedufure operations in order to
minimise the social impacts that the long-term @neg of debris in the disaster area.
In this Emilia Romagna post-earthquake situatiom #luthor has underlined an important
issue that is that the transport of the processdulislfrom the intermediate landfills to the
final covering has not yet been done, and is natexen planned. This is due to the
uncertainty associated with the final use of theéemals. The impact of this final stage is high
(both in terms of costs and carbon emissions ge&sterduring transportation) and it is
important for the evaluation of the whole proceSsice the main humanitarian operation’s
goal is the minimisation of social and environméntaplications (Tatham & Houghton,
2011) that arise after a disaster, the final us¢éhefdebris has to be considered before the
collecting of the debris from the area in ordemimimise the environmental impact on the

area.
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7. Close Loop Supply Chain in Humanitarian

Operations

Tomasini and Van Wassenhove (2004) define the hitamem operations goal as “a
successful humanitarian operation- that — mitigaébesurgent needs of a population with a
sustainable reduction of their vulnerability in thleortest amount of time and with the least
amount of resources”. So the most important huradait operations objective is to deliver
the essential supplies and help to beneficiariesple who need to be supported into the
disaster area. In this contest the literature Umsr how logistic operations affect almost the
80 percent of the humanitarian operations effoan(\\Wassenhove, L.N., 2006), becoming
one of the most important factors in the operatioh@nsportation is a key element of
delivery and in many NGOs, UN agencies and otherdnitarian organizations; vehicle fleet
management represent the second largest overhetdftar staff expenses (Disparte, 2007).
In humanitarian operations the typical “commeraapply chain” challenges of allocating
scarce resources in an efficient way (Van Wassemlaod Pedraza Martinez, 2012) as to be
contextualized in complex operations furthermoreoading to Van Wassenhove (2006) these
operators have to consider many different factoas ¢an be invisible or/and ambiguous, that
can have interactions and can increase and oftey ahe associated to new phenomena.
Another important issue concerns the random anddaome information about the scope,
timing and resource requirements of the disastésr o the event, this according to
Barbarosoglu and Arda (2004) affects the decisioaking process and leads to the
unpredictability and uncertainty due by the compdewironment associated to the disaster.
Furthermore into the humanitarian operations dega@ to the qualitative factors, indeed not
just economic factors are important rather soaatdrs have to be considered during the
logistics operations.

At the same time as is presented in the literatexeew some researchers suggest the
importance of improving operations performancesingakin consideration that some
improvements are usually used in commercial supgigin and so applying these to
humanitarian contest changing, of course, the fdldpplication and so their features to fit
the new environment. As has been proposed byttratiire, which will be discussed later on
the chapter, CLSC is seen as one of the possihieoirements not just to minimize cost
rather to increase operations sustainability arel dpportunity to reuse items in other

operations without buying or remanufacturing (Rajeghe et al., 2013) more items than is
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necessary. In literature this argument is constl@® Green supply chain (Olugu &Wong,
2011, Kim et al., 2014).

For these reasons these research explores thebipysso apply CLSC practices into
humanitarian operations by providing a model analyhg the impact it can have in the
Regular humanitarian logistic (R-HL) operations vehéhe main objective of the operation
switches from the reduction of population needa tainimization of the overall disaster and
operations impact. In particular the research csi$ed on logistic facility management in the
situation of using reverse logistics practices. d&bwer the model considers typical
humanitarian RL features as items interested byréverse flows (Peretti et al., 2014) or
humanitarian distribution structure.

This research aims to explore the impact in terinsosts and performances of using CLSC
practices into humanitarian contest. This study Iesn suggested by the literature that is
showing the growing importance of the humanitarigrerations impacts. For this reason
typical commercial CLSC practices, as recyclingreusing, are introduced in a model to
optimize resources allocation and prepositioningisiens not just to minimize the overall

costs rather to show the possibility to minimize tiverall environmental impact.

7.1. Literature Review
In the last decades Humanitarian Operations haceiwed increasing attention by the
researchers and it is still increasing in termgnekstigations (Caunhye, A.M. et al., 2012,
Kunz, N. and Reiner, G., 2012, Dubey et al. 208#)ce the logistics has seen as one of the
most important operations in terms of efforts (‘t@rdisaster relief is about 80% logistics”,
Van Wassenhove, L.N., 2006), many typical Commeértigistic aspects have been
investigate both in what have been called Regulandnitarian logistics (R-HL) and Post-
disaster humanitarian logistics (PD-HL) (Holguinre® J. et al., 2012). In particular
transportation issues have been extensively stu@adinhye, A.M. et al., 2012) touching
problems as last mile distribution (Balcik, B.,aét 2008, Battini, D., et al., 2014), resources
allocation (Barbarog@du, G., and Arda, Y., 2004, Campbell & Jones, 2000)fleet
management (Pedraza-Martinez, A.J., et al. 2011)the well-structured humanitarian
operations literature (Tatham, P., 2013) the “fandmehannels” (Fleischmann, M. et al, 1997)
of the supply chain have received a high attentibite “the reverse flows” not.
For these reasons in this research the author warasalyze the possible implication of
introducing a Close Loop Supply Chain point of viewo humanitarian operations. These
practices have been already applied in the comalazontext e well studied by its literature,

but its application in humanitarian field has nedgealt with before. In fact although Kovacs
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G. and Spens, K. M. (2011) establish the inclusibreverse flows “is yet to be researched in
the humanitarian context” and although Van Wasseal{@006) considers the possibility of
“Material flows, which represent physical productiofrom suppliers to customers as well
as reverse flows for product returns, servicing auycling”, no real researches focused in
this specific issue has been found in the litem{@aunhye, A.M. et al., 2012, Kunz, N. and
Reiner, G., 2012, Tatham, P., 2013).

In the literature there have been just some ingastins that propose the application of the
RL methods into the humanitarian logistics. In 20Dd Vore underlines that “often the
reverse supply chain is overlooked, not planned &rd not used when deploying for
aerospace expeditionary force rotations, contingsnovars, sustainment operations, and
humanitarian relief operations”. In 2013 Hall, BMiggests some alternative views that could
be included in humanitarian logistics. Among thakernatives, owned by the private sector,
Hall comprises the “reverse logistics capacitiesd anderlines the possibility to involve the
close loop supply chain (Guide & Van Wassenhov@32Dekker et al, 2004). At the same
time the academics focus on RL in order to achighrat has been called green humanitarian
logistics (Christopher, MG and Tatham, PH, 201 Epd¢tially concerning the environmental
impact of the activities on the field where “norgdedable materials in the field have further
environmental implications” and where there is pcatly the total absence of reverse
logistics processes. In this way an article presgrity Humanitarian research group at
INSEAD investigates the humanitarian response arghrticular analyzes the environmental
impact of the humanitarian response in the posD28aiti earthquake operations, with a
focus on the impacts of some items (e. g. watetlds)t Furthermore Eng-Larsson, F., and
Vega, D. (2011) study the tradeoff in humanitafiatd between achieving the green logistics
without compromising the short-terms humanitaribjectives.

The problem of greening the humanitarian operattfasbeen underlined by Kovacs, G. and
Spens K. M. (2011) and Srivastava, S.K. (2007). asy G. and Spens K. M. (2011) in
particular in the 1 chapter (“A study of the barriers to greening tekef supply chain” by
Sarkis, J., Kovacs, G. and Spens K. M) presentnipertance of an environmental point of
view in the evolution of the humanitarian respoimserder to fit “a variety of pressures faced
by the organization including regulatory, compeétiand community/public pressures” even
if there are some barriers that have to be pagsszbrding to Kovacs, G. and Spens K. M.
(2011) these barriers that don’t allow the appitwaiof some new practices and procedures
into humanitarian context, but the authors underline importance of future studies “to
overcome the barriers and hopefully aid in greenivegrelief supply chains”. On the other

hand Srivastava, S.K. (2008) considers and preskatpossibility reverse flows in order to
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achieve the greening supply chain goal. From thmngercial supply chain literature, in
particular according to Guide & Van Wassenhove 8@ 3) the Close Loop Supply chains
in commercial SC “include traditional forward supghain activities and the additional
activities of the reverse supply chain”, where thewvard activities are typical industrial
process while, according to Dowlatshahi (2000) téeerse channels are the “process in
which a manufacturer systematically accepts preslipshipped products or parts from the
point for consumption for possible recycling, remgacturing, or disposal."'This process has
to be incorporated in a RL system where thapply chain that has been redesigned to
manage the flow of products or parts destined &nanufacturing, recycling or disposal and
to use resource effectivelyThe RL has been widely dealt with in the literat(@iFleischmann

et al., 1997, Mahapatar et al. 2013) and usuallfiadges three main areas of interest: the
distribution planning, inventory control and protdan planning. The RL distribution
(Bloemhof-Ruwaard, et al. 1999, Lee, D.-H. et 2008) is focused on channels, location,
routing problems. Inventory, instead, considers ghssibility of returned modules or spare
parts in order to be re installed in new produ€eufiter, R. H., et al. 2000, Minner , S., 2001,
Dobos, 1., 2003). At the end, the RL in productisriocused on the opportunity to reuse the
returned product “as is” or after minor repairsiy&stava, S.K. 2007, Srivastava, S.K. 2008).
The literature presents different possibilitiest tban belong to different reutilizations of the
products, the return flows. A good exhaustive exengd the Forms of Return Flows is
summarized by Farahani et al. (2011), where onaetkie products return they are subjected
to a selection and after different solutions arailable. The main activities after the selection
can include two main possibilities: the redistribotand the waste management. The waste
management is considered when “a firm has decidadit is no longer of value to reuse,
upgrade, or recover materials from a specific prodie product then becomes waste”
(Hazen, B. T. et al., 2012) and the activities the¢ associated to this are disposal and
incineration. On the other hand, for the redistiim the options for the process include
different levels of re-elaborating, from a low léwd re-elaboration (reuse “as is”) to a
recycling level, where the operation is not focusedretaining the functionality of used
products or parts (Bloemhof-Ruwaard, J. M. et &99). The literature (Ferrer, 1997,
Bloemhof-Ruwaard, J. M. et al. 1999) divided thecdrded products into three graduations:
product recovery, parts recovery and material regpvThe first considers products or
packages that could be directly reused or that mestda quick inspection or cleaning, the
second graduation (Remanufacturing) contemplaeegithducts that can be disassembled and
which components can be reused for new productsthmitidentity of the products is

preserved, the third and last degree (Recyclingfomised on the reutilization of the
130



disassemble products parts without maintainingftinetionality of the former product. This
classification of the post-selection activitiesisiilarly proposed by Hazen, B. T. et al (2012)
with the addiction of waste management.

In general in the commercial supply chain all thedpicts that have a strategic cost, products
that can increase the overall quality or the custorservice, products that can have
environmental consequences or that are interestdddislative concerns can be considered
as interesting by reverse flow practices. The pctslusually involved in RL can be various,
according to Stock, J. R. (2001) the items that edmck and require reverse logistics
processing may include product returns, produdligcend-of-lease equipment, old/obsolete
items being replaced, packaging materials and mhyriber items.

An important issue is due by the barriers that oake difficult the application of CLSC
practices in commercial SC as there are some oqthsrpresented above, that can make it
even more difficult in humanitarian SC. As it prepd by Rogers, D. S. and Tibben-Lembke,
R. (2001) these barriers are: the importance ofd&tative to other issues, company policies,
lack of systems, competitive issues, managemeiiiemteon, personnel resources, financial
resources and legal issues.

As it is suggested by the commercial literatureaewvone of the area that can be influence the
CLSC regards the distribution planning and thetsat can arise with the reverse flows. In
this study the topic considered is the facilitydton and the minimization of costs in the
situation where reverse flows are applied. In hutaaan literature many researches explore
the prepositioning of facility to better performrohg humanitarian crisis (just few examples
are Drezner et al., 2006, Balcik & Beamon, 2008¢er et al., 2009, Ddyen, et al. 2011) but
no one introduce the presence of the reverse fldalsng into account all of the features that
are raised up in the literature review and bartiieis study wants to explore a facility location
in the situation of CLSC model and its application humanitarian operations context

considering some features usually present in #id.fi

7.2. Model
The model is a Close Loop SC model that considemsamitarian features and proposes the
presence of reverse flows in order to understanehwd possible to implement reverse flows
and whether these applications can lead to impremesnin terms of supply chain cost and
their applicability in humanitarian field. The laytoof the distribution structure is shown in

the figure below.
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Figure 7.1: Distribution structure

The main reverse after the selection activitiessm®red, as it is suggested by the literature,
include two main possibilities: the redistributiand the waste management. In the first case
the items return back to the national hub whil¢hiem second case they go to the disposal. The
product considered are the ones suggested by (iRerat, 2014):

1. Those items that have not been used,

2. Those that have been used;

3. Packaging.

In the model these products are E = {1, 2, 3}. Bhesoducts have different minimum
disposal fractiony,) because they have different features and diftgueasibilities of being

reused.

Index set:

| set of potential National Hubs i location
J set of potential Regional Hubs j location
D set of disposal options d location

L set of disassembly options | location

E set of demand types e: E ={1, 2, 3}

N set of all demand locations n

K set of beneficiary locations in disposer and esorket k

The model:
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Fo=min( s+ Y re+Yocs Y pnss Y e Y FeY 6
+ZFD5+ZFD>

SC: Supply cost

RC: Reverse Cost

DC: Disposal Cost

PnS: Penalty Cost for not Supplying

PnR: Penalty Cost for not Collecting (Reversind)isTconsiders the savage it is possible to
achieve with reuse etc.

FI: Fixed cost to open a National Hub

FJ. Fixed cost to open a Regional Hub

FDs: Fixed cost to open a Disassembly point

FD: Fixed cost to open a Disposal point

Variables
Xl.fjke: fraction of product e demand of beneficiary kb served from national hub i and

regional hub |

Xri.= fraction of product e returns from beneficiaryila disassembly point | to national hub
[

Xrqe= fraction of product e returns from beneficiaryila disassembly point | to disposal
point d

U= fraction of unsatisfied demand of beneficiary=R]

W, .= fraction of uncollected demand of beneficiary k

Y; = indicator opening national hub i

Y; = indicator opening regional hub j

Y, = indicator opening disassembly point |

Y,= indicator opening disposal point d

Costs
Cl.’;ke= unit variable cost of satisfy product e demandefeficiary k to from national hub i

and regional hub j
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Criie= unit variable cost of product e returns from Wy k via disassembly point | to
national hub i

Criqe= Unit variable cost of disposing product e retuinosn beneficiary k via disassembly
point | to disposal point d

P;.= unit penalty cost for not serving product e dechahbeneficiary k

Pj;,= unit penalty cost for not collecting product &ras from beneficiary k

F;= fixed cost for opening national hub i

F;= fixed cost for opening regional hub j

F,= fixed cost for opening disassembly point |

F,;= fixed cost for opening disposal point d

Parameters

di. = product e demand from beneficiary k in reusekeiar

Tke = Product e returns from beneficiary k in dispasarket

Y= minimum disposal fraction per e product (diffédreategories of product lead to different

percentage of disposal)

Z X ifjke Cij;kedke + Z XkiieChiie Tee T Z XkiaeCrrae +
FO = min ZUkepliedke +ZWkePIgerke +ZYiFi +
B

ZY]-F]- +ZY1F1+ZYdFd
] 7 a

Subject to

i

f _
szijke =1—"Up
j

The fraction of the supplied product is equal te satisfied demand for the product e at the

Z(ZXI:lie +ZXIClde) =1—-Wg,
T a

The fraction of the returned products is equahtodatisfied collection for the product e at the

customer k

customer k
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Ye(z Xitie + Z Xiidge) < Z Xkide
; a a

The disposing products are at leaytfeaction of all the returned products.
TieXigin < do X
ke?klie = ke?ijke
k 1 j k

The total amount of shipped products is mayor tharreturned items flow

IR
k e j
f
2. 2 2 MY,
k e i
Z Z (ZXI:lie-I_ZXI:lde)SYl
k e i d

The total amount of shipped products managed ssthem the plant capacities.
Y;,Y,,Y, v {0,1}

f T r
0< Xijker Xriier Xrider Uker Wie = 1

Each variable domain

7.3. Model Discussion

The proposed model is innovative because it hasrnieeen used in literature. Usually the
humanitarian literature applies forward channelsstody typical humanitarian issues, as
distribution or prepositioning. With this model traithor wants to introduce a typical
industrial supply chain approach to humanitariantext. In particular in the model to better
preposition the plants is introduced the possipbiidb have reverse flows with typical
humanitarian features considered, while the phéasieeadisaster in which the logistics model

is applied is the regular humanitarian operatidmssp.
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Figure 7.2: Typical humanitarian flows

As introduced in the figure above (Figure 7.2) tgtly a humanitarian supply chain is
financed by the donors, public and private onest @low the NGO’s to set up the
distributions, the specific countries programs threes activities. Concerning the distribution
the activities are usually outsourced to logisfe@tors. These operators follow the NGO’s
directives and distribute the items to the benafies. Nowadays once the items are supplied
the organizations don’t consider the possible retfrthem, just some radio equipment or
vehicles are subjected to return in order to besedun others humanitarian programs. The
model in this research applies this possibilitylicthe items and to the packaging usually let
into the area to be considered in reverse flowwder to be reused or disposed.
Further the typical humanitarian supply chain, pnéed above (figure 7.1), with national and
regional hubs, the model considers other humaaitasperations features. According to the
literature Peretti et al. (2014) there could bentyatihree types of item that could be involved.
In particular, it is important to distinguish bew®ve(a) those items that have not been used, (b)
those that have been used and (c) packaging. &dhbkse categories has a potential residual
value, and could have the opportunities in the nedélows. These different products have
been considered in the model (E = 1, 2, 3) witfed#nt features and differey,= minimum
disposal fraction per product. The different featuhave been translated in the model with
some different items characteristics:

-penalty cost for not collecting

-disposal cost

-transportation cost

-disposal and disassembly operations costs
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Moreover the humanitarian literature widely presetiite importance delivery items in the
area hit by the disaster and underlines the prinmaportance to satisfy beneficiaries’ needs
before thinking about the others features of thgpsuchain. In the model proposed the
importance of the forward is underlined, indeedghely of the reverse flows starts just once
the forward flows are completely satisfied. In sositiations can happen that forward
distribution can have lower impact in terms of dypghain management, as can happen less
rarely, in this case it is possible to change @hstmodel giving penalty costs to unsatisfied
demand. This situation is presented in the matheatasection of the model where the
fraction of unsatisfied beneficiaries demeU,.is fixed as 0. The model show whether or not
is economic to consider the reverse flows, thescast the translation of sustainability, and

where has to be put the disassembly point in tee oareverse.
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Figure 7.3: percentage of collected and disposakiins in function of the reverse available

capacity

The application of the model that has been caroet considering the features presented
above, in particular the different items and thamary importance of forward flows, in a
contest of CLSC in humanitarian field. The resalts about the optimization of the reverse
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logistics. It has been assumed that the dispogaotty is infinite while the reverse available
capacity is the variable. In the figure above tsuits have been found passing from a 100%
to a 0% of reverse available capacity per item.

The figure 7.3 shows that different items, withfeliént penalty cost for not reversing and
with different, have different priority of returmo tNational Hub to be reused. In particular
items E=1, the ones that have not been used, afgeguo return to the national hub and
never disposed. This situation translates the gsppbrtunity to reuse them. On the other

hand packaging (E=3) is the first product thaetgn the area, however with a cost.

"Total cost"
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200000 -
150000 -
100000 -

50000 -

100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0%

Figure 7.4: Total cost for not reversing

In the figure 7.4 are presented the total costd¢hatgrow up in the case of not reversing. This
cost is due by the un-sustainability of the operaiand can be minimize considering CLSC

and not just a forward one.
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8. Conclusions and Future Research

As discussed in the thesis introduction, during st decades disasters and catastrophes,
both natural and man-made, have been radicallgasead and it seems it will continue during
the next years; millions of people around the woald affected annually by disaster
phenomena and are, therefore, in need of assist@hizesituation underlines the importance
of research in the humanitarian field and representsmall step in responding to Van
Wassenhove’s (2006) call to academics to contribotéhe improvement of humanitarian
operations. With this thesis the author wants folame some humanitarian logistics aspects,
with a focus on the application of some innovataspects, such as reverse flows and
heuristics with social costs, into the humanitarfasld that could translate the growing
importance of sustainability in this particular \wbr

In particular the thesis has these main objectives:

* Introduction and analysis of the literature wahfocus on the different criteria
usually used for the evaluation of humanitarian rapens, definition a decision

making framework and its application on real case;

* Introduction and definition of forward distribofh models, discussion about
humanitarian logistic aspects tradeoff such as dbst analysis versus demand

satisfaction and between typical logistic costsusrdeprivation costs;

* Introduction and definition of innovative reversgistics practices based on what is
normally used in the industrial supply chain anddshon what the humanitarian

organizations are implementing in the fields.

The second chapter develops a decision makismgework. Here the problems have been
split into different hierarchical sub-problems irder to compare the available alternatives
and their features in each phase of the operafibe. results present a procedure that can
support decision makers in their evaluation of apens issues where the attributes of the
alternatives are estimated.

In conclusion, the second chapter presents a blibadture review and introduces a

framework that can support decision makers in tfuation of the range of alternatives and
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that can be applied to different contexts and phaseture research that utilizes this approach
should be undertaken in order to understand hoswvtigthodology can further vary according
to the parameters of the disaster in question hadmplications for humanitarian logistics
practitioners of using this framework. Furthermoitejs important to underline how the
results of the applications can change just by fgodj the weights of the criteria and
therefore understanding which are the most appatepri

The third chapter introduces new distribution meddinear programming models. These
explore the Last Mile Distribution Problem by prdwig a case study to assist decision-
makers in making effective and efficient distrilouti across the last mile. The research
focuses upon the distribution systems managemeopled with material distribution
modalities. Moreover, these models concern theuresoallocation and vehicle routing
decisions in the well-known Haitian case, with ass@vity analysis to study the impact of
different fleets. The results of this chapter skeonot linear increase of fleet costs in function
of the number of helicopters an organization needsatisfy the lack of trucks. This is due by
the different costs and capacity of different kioidfleets, and reveals the different fleets’
impact in terms of shortage and costs. In conciydive chapter analyzes the performance of
the delivery system when a co-distribution of difet kinds of products is applied. As
conclusion and improvements in terms of reseal@se models are very useful because they
can be easily applied in real operations to supipertdecision makers about what are the best
fleet solutions and their impact in the operatipesformance, defined as costs and shortage.
This leads to understand which can be the bestiwgyocessing the distribution with the
lowest level of cost and which could be the imglma in terms of cost and shortage in
conditions of limited resources capacity.

The fourth chapter presents a couple of heuristias can be easily implementable in real
humanitarian operations cases and could be usethdyhumanitarian organizations. In
particular these heuristics regard VRP into hunaaiaih operations. Here can be considered
not only logistic costs, but also other aspectshsas those well-introduced in Holguin-Veras
et al. (2012) and described as social costs. Tthes,objective of this research is the
development and application of heuristics that salve the VRP in humanitarian context
considering the social costs, defined as the surogitic and deprivation costs. A new
concept of prioritization is introduced, which caless the future evolution of deprivation
costs, in function of the distance, the needs deramd the capacity of the vehicle. The results
obtained underline the exponential behavior ofdbprivation costs and arise in function of
the available capacity. These heuristics have BEnsmprovements in terms of results

compared to others simple algorithmic; indeed the of deprivation costs allows the vehicle
140



to consider not just close nodes. However it findsade-off on different costs and it studies
these costs not just as they are now but it porttiergrowth these could have if we decide to
deliver or not. This has notable implication iniald where standard supply chain costs
cannot be used.

Chapter 5 has explored the use of Reverse Logistitts humanitarian operations. In
particular it has analysed the challenges and dppities for the application of RL in a
humanitarian logistic context through a broad revad both the academic and practitioner
literature, supplemented by informal discussionghwgenior humanitarian logisticians. This
section has demonstrated that the reverse logistinsept has started to become a suitable
topic into humanitarian field. The finding indicatieat, to date, the use of commercial RL
practices is extremely limited within the HL secgtbut there are a number of areas where
their introduction is possible in the future. Thiart of the study has clearly demonstrated that
there are relatively few examples of RL being utalen in the HL environment. This
represents something of a ‘green field’ opporturfity organisations to introduce such
practices and, indeed, they use these as a ‘sgdlongt’ in respect of their increasingly
competitive funding situation. However, it is aldear that further detailed research is needed
to establish the ways in which commercial RL pradican be introduced with the support of
host governments, aid agencies, donors and, mesitriemtly of all, the affected populations.
Sixth chapter investigates the management of thetnnmportant waste material, the
construction and demolition debris, studying a meaferse logistics case, Emilia Romagna
earthquake in 2012. The data reflect the great atmiuwaste generated during and after the
two recent Italian earthquakes in more than 1,@Qalition sites. This chapter contributes to
the existing literature by providing two realitydesl timelines of a disaster both in terms of
resources involved and demolition activities. Témalysis demonstrates how a huge amount
of debris the operations dealt with and the efiforblved in order to re-establish the situation
as it was before the disaster. From this pointatitdor has investigated the operations to find
out how the recovery was done by the organisationgved in the process. Afterwards have
been presented different solutions for the futuiksation of the debris; moreover these have
been analysed to identify potential issues thaldcafiect operations.

Chapter 8 introduces for the first time the conaafptlose loop supply chain (CLSC) into
humanitarian operations. The objective of this jpdntesearch was to complete the previous
chapters developing a prepositioning model thatccoansider reverse flows to support long
terms humanitarian operations. This model has bpghed in a situation where humanitarian
operators are focalized on supply items and wHezeotganizations, as gathered from recent

researches, are giving always more importanceddtimanitarian operations sustainability,
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in terms of environmental impact and from an ecoisaimpoint of view. In humanitarian
operations generally social costs have to be cersildto reduce population needs. Usually
these costs are applied in forward logistics retesr into post disaster operations. With this
study the author has presented the importance o$ider the whole operation, so the
substance of include reverse logistics into theratpms and the impact these practices can
have. In fact, the reverse channels start to haviengortant role in dismantling operations,
when the urgency of response is lower. The apphicadf the model shows the results in
terms of costs these practices can lead. This isoshe translation of having a more

sustainable operation.

In conclusion, the thesis has investigated the mapoe of sustainability in humanitarian
operations. It shows the two different sides ofdtigs, upstream and downstream.

In the first part the research is focused on hutaean aids distribution, the forward
channels, and proposes new models to improve fgresation under humanitarian operations
constraints. In the second part of the thesis sevows are introduced to improve the long
term operations sustainability.

With this the author wanted to introduce a new poinview, not just focused on what is
typically performed by the organizations. Indeeeésibes the typical relief operations goals,
the author wanted to look forward into a more gostde point of view, where the
humanitarian operations will be organized not jiessupply items into the area hit by the
disaster rather than to include typical reversetmes.

The innovations of this research has been well dstnated and its applications on
humanitarian field have been deeply investigatesl| highlighting the great benefits of the
models introduced. Several future steps have beesduced in order to continue the research
activity in this important field. In particular theodels application to real cases could be
interesting to further understand and improve $ogkde operations. These applications
together with this research will be able to pregshatfundamental role of having sustainable

humanitarian operations rather than just humaaitaoperations.
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