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Abstract

Nowadays, Humanitarian Supply Chain stakes are
changing drastically, implying a need for new methods
and tools. One of the most promising evolution is
definitively ”Physical Internet”. The current research
work investigates how to assess the potential benefits
and limits of using the Physical Internet paradigm
within Humanitarian Supply Chains. Practically, the
proposal provides (i) a systems engineering-oriented
framework and (ii) a set of specific modeling
features. This contribution will allow assessing
efficiently and accurately, impacts of Physical Internet
in Humanitarian context. Finally, the paper develops
avenues for further research based on the proposal.

1. Introduction

When a disaster occurs a set of humanitarian actors
organize to save lives and alleviate suffering. However,
performance results have shown that humanitarian
response lack of effectiveness to respond to the needs of
affected people [1];[2]. The destabilised environment,
the urgency of the situation and uncertain context
are also to concede unhelpful to organize the relief
operations [3].  Confronted with this observation,
two options can be considered by humanitarian
organizations (HOs): optimising the existing or
breaking with current practices. Within the idea to act
beyond current dogmas and practices, Physical Internet
(PI) has recently emerged to cope with economic,
social and sustainable issues in the supply chain
context, seems a relevant approach for the humanitarian
sector as well [4]. Indeed, by redesigning the
way objects are moved, deployed, realised, supplied,
designed and used, it intends to make logistics more
efficient, sustainable, smart, agile, adaptable, scalable
and resilient [5]. Such qualitative investigation of PI
interests applied to the humanitarian sector has started
to be undertaken recently by a small proportion of
articles [6];[7] and so will be partially covered in
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this paper. However, what remains at stake in this
association is to quantitatively assess the integration of
PI concepts on the Humanitarian Supply Chain (HSC)
performance. To conduct this, the object of interest,
here HSC and called ’system’, has to be studied to gain
some understandings about its behavior. To this end,
the investigation engages formulating assumptions and
lead to a representation of the object, named ’model’
[8]. Nevertheless, the modeling step is not to perform
hastily if we refer to the cost of reworking when omitting
a component at that stage and realizing it in the next
steps [9]. Besides, few papers deal with this pairing
between PI and HSC, so there is a challenge to make
it properly to pave the way for further investigations
and analysis. Since the HSC is a complex system
including a diverse and large set of stakeholders and
activities to coordinate and significantly influenced by
its environment, the following question may arise:
How to model a sufficiently realistic representation
of HSC for future PI experiments? To answer this
question, the paper aims at first, proposing a framework
intended to meet this requirement level and secondly,
illustrating the methodology with a first system model
proposal. The article is then structured as follows.
Section 2, is dedicated to give backgrounds, as an
overview of the HSC context, what PI in humanitarian
would mean and some insights regarding systems
engineering, to help answering the previous question
and support the framework establishment. Section 3
deals with the framework presentation and the context
of its development. Section 4 suggests an application
of the elaborated framework and provides some first
modeling elements of a typical HSC. Lastly, section 5
discusses the proposals and defines avenues for further
investigations.

2. Background
2.1. Humanitarian Supply Chains

Over the years, the number and complexity of
disaster have not stopped increasing and such a trend
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is expected to keep going forward in future [10]. The
damage caused often deprive the population of their
property and resources and put their lives at risk. Needy,
they can rely on HOs to alleviate their suffering as it
is their mission [11]. To answer the relief demand,
HOs make use of the logistics which accounts for 80%
of their activities [12]. Since HOs are dealing with
lives and limited time, the organization and activities
completion should be the most effective as possible.
Self-evident, it is much less so in practice. Indeed, the
particular context and challenges whose’s humanitarians
have to deal with compromise the relief. To discuss this
aspect, the next sections address the way HOs manage
disasters and the challenges encountered during their
operations.

2.1.1. Disaster Management Disaster management
involves a different set of activities depending on the
actual phase the emergency is [13]. Indeed, the presence
of disasters introduces different timely phases forming a
cycle and requiring a different type of efforts. Far before
the disaster occurs, it is the mitigation phase where
actions can be undertaken to strengthen population
resilience. Closer to the striking, the preparedness
phase involves pre-positioning means to foster the
relief. As for the response phase when the disaster
happens, it consists of assisting by answering basic
subsistence needs. Lastly, the recovery phase, whose
start-up depends on the end of the state of emergency
declared by the HOs, comprises actions trying to get the
population back to their initial living conditions [14].
Concretely, the preparedness and recovery phases are
less undertaken by aid agencies often due to a lack
of support from donors [15] while the response phase
generally engages most of the HOs due to its complexity
and urgency [16]. The next section details the typical
humanitarian supply network as deployed during the
response phase.

2.1.2. HSC Management & Challenges When a
disaster hits a territory, government and local aid
agencies take immediate actions to assist the affected
population. When the demand is overwhelming
for locals additional help can be requested [17].
Consequently, the number of actors can quickly
becoming significant and pose coordination issues [12].
Indeed, the diversity of origins of the stakeholders
(i.e. situated at the local, regional, national or even
outside borders [18], of roles (i.e. they can be
suppliers, donors, military forces, logistics providers,...
[11] and of their mission can also generate operation

redundancies or lacks [19]. Besides, each event leads
to the formation of a new network of actors [20] where
various type of flows transit. First, to forward the
relief items to the affected location, the physical flow
has to transit through facilities where they may be
stored for a period [21] and transported via various
means. While certain are classical (e.g. airplane,
trucks, sea boats,...) others are less conventional such
as elephants [3] employed to reach some remote and
sparsely populated areas. Numerous exchanges of
information also take place in this situation to provide
information and make adequate decisions. However,
the high uncertainty regarding the disaster occurrence
and its impacts prevent humanitarians from anticipating
the demand and the means [11]. Additionally, the
IT technology is not really established within the
organizations while decision-makers face a lack of data
reliability and accuracy [22]. Finally, regarding the
financial flow, it generally comes from donors to support
the organizations in their mission. However, donations
usage is regularly restricted by contributors [7] reducing
the scope of available resources. Also, the media play
an indirect role in the complexity of relief. Indeed,
the media exposure tends to multiply the perceived
support and leads to unsolicited and often inappropriate
donations hindering the delivery [23].

2.2. Towards a Hyperconnected
Humanitarian Supply Chain

Given the many challenges faced by HOs in pursuing
their mission and the witnessed failure in providing
help after some major events [24] may question HSCs’
organization. At that stage, two routes can be
considered: either optimising the existing and edging
toward the maturity of classical supply chains or
accepting to call into question some fundamentals. It
is in this second perspective that the Physical Internet
may be of interests.

2.2.1. Physical Internet interests for the
humanitarian sector The Physical Internet (PI)
is an emergent and innovative concept of interconnected
logistics networks capitalizing on the opportunity
of sharing assets and capabilities [4]. It has been
defined as: ”[an] hyperconnected global logistics
system enabling seamless open assets sharing and
flow consolidation through standardized encapsulation,
modularization, protocols and interfaces” [25]. As
highlighted by the definition, the PI completely
remodels the logistics foundations. The term
“hyperconnected’ refers to the tight and intensive
connection between the actors and the physical
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components of the network. This rapprochement
operates through multiple layers i.e. at digital, physical
operational, business, legal and personal levels thanks
to an optimization of the various containers and the
standardization of the exchanges [4]. The second core
aspect of the PI remains in the wish of opening the
logistics networks and sharing the assets. Nowadays,
companies are part of a specific and stable network
and possess their warehouses or fleets. The concept
takes the opposite of this view and induces that assets
should be shared between all the users part of this
global network and used on a need basis. Also, the
PI as ’the network of networks’ would increase the
visibility and opportunity for new partnerships. Such
a concept of PI appears as a result of the awareness
that only a new logistics organisation will enable
meeting the environmental and service requirement
challenges. Indeed, the current logistics system shows
too many unsustainable symptoms and is participating
in compromising the Paris agreements objectives [5].
Before it is too late, the PI has been designed to offer
a more resilient, efficient, sustainable and adaptable
logistics service to its users by changing the way
physical objects are handled along the network [4].
As an illustration, sharing assets would optimize the
utilization rate and allows cost-savings and reducing
CO2 emissions as well as interconnecting actors would
certainly allow speeding up the physical, financial and
information flows along with the network [26].

2.2.2. Hyperconnected humanitarian supply chain
This part aims at highlighting the perspective of
a PI approach applied to humanitarian logistics to
reach a more effective, efficient and sustainable
operating model. Considering the challenges faced
by humanitarian, there are several fields where the PI
approach could be valuable. First, as in classical supply
chains, the opportunity to share means would optimize
the storage and transport capacity and authorize some
cost-savings. Besides, mutualizing stocks from different
organizations inside the same warehouse would also
increase the coverage of each actor and so, its
responsiveness to deploy items and reducing delivering
lead times [6]. Consolidating transports (i.e. fulfilling
trucks with deliveries from different HOs) would
increase the utilization rate while decreasing the number
of trucks sent and so, reducing the costs and the CO2
emissions [6]. Another key domain where the PI may
intervene is in the connection of actors. Indeed, by
interconnecting the various humanitarian stakeholders
the communication would be certainly improved.
Besides, the development of a centralized digital

platform, as suggested by Abdoulkadre et al., would
solve the operations inefficiency and redundancies
issues. Indeed, by centralizing and sharing in real-time
information to all the key players regarding the
situation would probably improve the accomplishment
of the decisions made [7]. Performance would be
monitored from a global relief point of view and not
from an organizational one anymore. Consequently,
the coordination and collaboration between actor are
expected to be improved as well. Such a platform
could also help in donation management. Indeed,
by centralizing the need appeals, donations would be
registered as humanitarian assets and based on the
utilization tag given by the contributors would be
deployed to the closest needed locations [7], leading
to an increase in resource availability. Lastly in
this overview, the concept of an open global network
would also provide HOs with more available assets and
resources by taking opportunities from the private sector
means. Consequently, cost-savings, CO2 emission
and delivery lead time reduction and even increased
availabilities and responsiveness can be, among other
things, expected. As mentioned previously, this is just
an overview because the topic of a hyperconnected
humanitarian supply chain is recent and gathers only a
small portion of papers mentioned in this section. There
is still a lot of investigations to lead to define what a
hyperconnected humanitarian supply chain would mean
but the perspectives seem attractive for the sector.

2.3. System Engineering

Nowadays, the number of complex systems is
increasing.  Indeed, they have to interact with a
rich variety of other systems, serve a variety of
purposes and meet increasing performance requirements
such as reliability or stability etc. = Consequently,
such systems are more complicated to develop and
produce since they require the coordination of a large
number of contributors from diverse disciplines [27].
Besides, reports have shown, but a similar idea can
be applied to most type of project, that only 29% of
software development projects were successful (i.e. the
system met the requirements) [28]. Based on these
observations, it appears that attention must be paid on
the need definition and the system design as they can be
the source of some cost and time savings [9].

To help in that sense, the field of system engineering
(SE) has emerged around 1970 and is increasingly
attracting the attention of both researchers [27] and
engineers [29]. Intended to deal with complex and
interdisciplinary systems and enabling their successful
realization [27], SE is based on a holistic approach
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(i.e.  considers the system as a whole and the
interactions with its environment). It also captures the
whole identity of the system via a description from a
different point of views [27]. Besides, it presents the
advantages of enhancing the communication between
the stakeholders by providing a shared understanding
of the system thanks to a collection of standardized
modeling languages and also structuring the system
conception with a process-based approach [29]. Indeed,
each step of the system life cycle (i.e. from the
business requirements to the system deployment) is
described as a process by the ISO/IEC/IEE15288:2015
[30]. Finally, SE presents the aspect of integrating
validation and verification actions through all steps
of the life cycle. Respectively defined as, “the set
of activities ensuring and gaining confidence that a
system is able to accomplish its intended use, goals and
objectives (i.e., meet stakeholder requirements) in the
intended operational environment. The right system was
built.” and “’the set of activities that compares a system
or system element against the requirements, architecture
and design characteristics, and other properties to be
verified” [30], those regular interventions guarantee the
compliance of the system with its purpose.

3. Proposal
3.1. Generic framework

In the perspective to assess the impact of PI
approach applied to the HSC field and draw reliable
and objective conclusions, and even before undertaking
any experiments, we have to ensure the validity and
credibility of the model developed.

On one hand, according to Law, credibility comes
from the approval of the client about the correctness of
the system behavior regarding reality. However, being
credible does not guarantee that the model is valid while
validating helps to establish credibility [8].

On the other hand, the subject to model, here HSC,
is admitted to be complex in the light of Sheard and
Mostashari’s categories developed as follows [31]. It
is first complex by its structure. As a matter of fact,
a multitude of various actors are part of the HSC
and induces the existence of many type of assets (e.g.
warehouses, fleet...) and communications to supply
people in need. Secondly, complexity comes from
the dynamic of the system. Many logistics activities
are performed and adjust according to the environment
influence (e.g. a destroyed road leads to rerouting...)
and the phases. Finally, the presence of media, donors
and government influencing the relief brings additional
socio-political complexity to the system.

Consequently, based on (i) the HSC complexity
generated from external (i.e. environment,
socio-politics,...) and internal (e.g. humanitarian
actors, assets,...) factors as well as all the flows resulted
in and (ii) the research needs for validity and those, put
into perspective with SE properties allowing dealing
with complex, multi-disciplinary system while ensuring
the verification & validation of the system throughout
its life cycle phases, highlight the SE approach as a
good solution for properly modeling the HSC system.
Thereupon, we developed a framework based on the
SE System Definition process (See Figure 1). It
also preserves the property of SE that consists of
having validity actions at every step. It encompasses
three stages namely, the system mission, the system
architecture and the system design. The first step aims
at defining the problem addressed by the system and its
context. It is intended here to end up with the need(s)
description and validation. The system architecture
paints a picture and validate (i) the purpose of the
system and its context, (ii) the logical architecture (i.e.
its behavior scenario) and (iii) the physical architecture
where the system elements are explained. The last step
gives indications for the element execution for the next
phases such as the implementation that is not covered in
this article.

3.2. Humanitarian Supply Chain features

In this section, to get a better insight into the
framework suggested, we propose to put it into action
and deliver some first modeling elements of a typical
HSC.

3.2.1. Step 1 - System Mission Starting with
defining the problem addressed by the system and its
context, the global study focuses on the assessment
of a PI approach on HSC performance. Before being
able to experiment some PI change by playing with
variables or parameters and assessing the impacts, it
appears logical to gain some understandings first about
the current system and builds up a model. Given its
complexity, to represent its behavior the formulation of
a set of assumptions is required [8]. Besides, to draw
objective conclusions at the end of the study, we have
to ensure the reliability of the representation and this is
often one of the biggest challenges [32].

3.2.2. Step 2 - System Architecture
¢ System Context Definition

Before going further in the details, the global definition
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Definttion of the elements and interactions of the system

Description

Define the problem addressed by the system and its

context

Validation

Identify necessary information and data for the
implementation of the system elements

Figure 1. Framework suggestion for modeling HSCs

of a system is required. According to the International
Organization for Standardization (ISO), a system is
”a combination of interacting elements organized to
achieve one or more stated purposes” [30]. An ’element’
is defined as a component of a system that may be also
part of a subsystem. The term ’interaction’ refers to
the manner element influence each other. Finally, the
’purpose’ appears to meet a need and can be declined
into three objective typologies such as the performance
(e.g. reliability, capacity, usability,...), the costs (e.g.
price, ROI,...) or the lead time (e.g. durability,
milestones,...) [30] To start defining the system, we
can rely on one of the most cited definitions related
to HSC. Indeed, since logistics accounts for 80% or
relief operations [12], it provides a first focus angle
to the model. Then, according to Kovacs et Spens
2012, it “encompasses the planning and management
of all activities related to material, information and
financial flows in disaster relief. Importantly, it also
includes coordination and collaboration with supply
chain members, third-party service providers, and across
humanitarian organizations [13]. Based on this, it
stands out that: (i) elements are the logistics activities
and the various actors (ii) interactions are represented
through the three types of flows and the notion of
coordination and collaboration and (iii) the purpose
stands in the ’disaster relief” that encompasses the main
mission of humanitarian known as, saving lives and
alleviating suffering [1]. At that stage, the ’internal’
description of the system of interest, that will be named
the "humanitarian response system’, is made.

Then, as suggested by the holistic approach, the
description of the environment and its influence on the
system needs to be covered. To that end, if we rely
on Kovacs and Spens (2009)’s article related to the
identification of humanitarian logistics challenges and
offering a conceptual model for program development,
it appears that: “the actual challenges faced in a
disaster depend on the type of the disaster as well

as the region the disaster occurs in” [33]. They also
identify the different phases of the disaster relief have
an impact on the logistics activities [33] in other words,
the dynamic after the disaster. Lastly, the two other
challenges detected (i.e. the variety of humanitarian
organizations and the coordination of actors) strengthen
the need for the presence of those two components
in the model. From this first investigation on the
key components of HSC, we developed an illustration
providing an overview of the HSC system context (See
Figure 2). The HSC system context contains the
humanitarian response’ system which is the system of
interest (Sol) [29] interacting with the demand system
part of the wider system and including the Sol as well.
Then, arranged around the latter, the ’territory’ and
"disaster’ systems (i.e. the external systems part of the
environment influencing the wider System [29].

¢ Logical Architecture

In this part, the objective of the logical architecture is
to describe the behavior of the system as it operates
in reality [29] (See Figure 3). Basically, according to
Thomas and Kopczak (2005), once a disaster occurs
at a location, it makes damage and victims. The
people affected need relief and generate a demand
for items to supply. For this reason, a system to
deal with the demand, called the ’demand system’ is
required. From that moment, starts the response phase,
aid agencies are active through their logistics activities
and thus, mobilize stock, organize transportation and
deliveries [24]. The influence of the supply on the
demand system needed to appear as HSCs performance
is a decisive factor to save lives [3]. Such a typical
scenario only applies from the response to the recovery
phases. As for the preparedness stage, it relates to
the anticipation of needs by pre-positioning means at
strategic locations but it is not always performed by
humanitarian organizations due to the difficulties to
assess and anticipate the future impacts [3]
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Figure 2. HSC Features: the System Context - Adapted from the general description of System Context
(SEBoK original) illustration

¢ Physical Architecture

In this second part related to system physical
architecture, the objective is to depict each subsystem
in terms of objective and elements [29].

e Territory System

The territory system is part of the environment of the
Sol. It evolves continuously over time and represents
a territory susceptible to be affected by a disaster. It
can be a country or smaller piece in the administrative
breakdown like a province or an island. That is
why it may be necessary to specify the administrative
breakdown structure. The territory can be represented
as an overlay of layers (See Figure 4) namely, the
topography, the population, the infrastructures and the
transport network. The topography may be of some
influence in the delivery speed or road state and lead
to unconventional delivery systems that is why it has
been integrated [23]. The population is obviously
required as it determines the demand of items as well
as the buildings such as houses or public structures
that induces the need for specific supplies like tents or
medicines. At last, the transport network integrates two
sub-elements: (i) the transport roads encompassing the
different type of roads (car, sea, air,... road) and (ii)
the transport nodes connecting the roads with seaports,
airports etc. All of them are followed by transportation
and delivery activities.

* Disaster System

The disaster system constitutes the second side of
the environment of the Sol. It is a discontinuous
system representing events hitting the territory and
provoking damages. To reproduce the impact notion,
key characteristics of a disaster (e.g. type, intensity,...)
and its dynamic during the entire period of its existence
are required.

* Demand System

The demand system is a related system of the Sol. It
activates when a zone requires humanitarian assistance
and generates a demand for items or service to aid
agencies for the whole duration of the emergency state.
It consists of two interacting subsystems: the "human
and material impact system’ and the ’requirement
system’.  The first one aims at providing figures
regarding the number of victims and damages over
time. The second indicates the specific needs associated
with an event. Both of them require inputs from the
environment to operate and together they assess the
relief demand. Such system encompasses the work
performed by assessment teams. It is a choice to have it
separated from the humanitarian response system since
it is not always considered as a relief logistics activity
but more as an input. Besides, it has also been set apart
to introduce the influence notion of the humanitarian
response on it. Indeed, it is admitted that the speed of the
response or a delay in the supplies influence the number
of lives saved [3].

* Humanitarian Response System
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elements [29]. In that sens and before that, we will
only highlight the data collection and achievements to
perform. Regarding the data to gather to get realistic
modeling, information regarding the administrative
division breakdown, topology, transport nodes and roads
characteristics, population features and disaster history
of a given territory are expected. Then, information
needs to be gathered regarding the supplier’s profile,
humanitarian actors and storage assets distributed
over the territory as well. As achievements, we
mean investigations to lead in the perspective to gain
additional understandings in some behaviors. Indeed,
some issues are currently faced due to a lack of
explanations in the available literature. For instance,
in the case of the demand system, current disaster
databases are only providing the total number of victims
and losses after each event. No information has been
found regarding the evolution of damages overtime after
a natural disaster and so, missing for generating a
dynamic demand and fueling the humanitarian response
system as it is the case in reality. Also, there is a lack
of accuracy in the way aid agencies are responding to
disaster (e.g. how they make decisions or prioritization,
how they sequence activities,...) and that complicates
the modeling the response process.

Transport
Network

Topography

Figure 4. HSC Features: the Territory modeling
with layers

The humanitarian response system aims at representing
HSCs establishment after a disaster appearance. As seen
previously in the System Context definition, the key
elements of such a system are the actors (e.g. aid agency,
government, donors, suppliers,...), the containers to
encapsulate the products from the cardboard boxes to
the transportation means (e.g. trucks, boats,...) and
the storage assets. The interactions between those
components are due to the physical, information or
financial flows driven by the different logistics activities.

4. Conclusion and perspectives
3.23. Step 3 - System Design Normally, the

objective of the System Design is to provide useful
indications for the implementation of the system

In research, making experiments generally involves
modeling the system of interest beforehand. However,
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as well as marketed systems gain in complexity, the
same reality happens in the systems to investigate and
the HSC is not an exception. Besides, the scientific
approach requires to ensure the validity of the model
as a reliable representation of the system despite the
assumptions made. Considering these two constraints
and knowing the importance of the modeling phase for
the aftermath of the study, some reflections regarding the
way to proceed had to be examined.

The System Engineering domain developed to deal
with complex systems, integrating multi-disciplinary
components while ensuring the realization of success
and the adequacy of the system came out as a suitable
approach. Taking inspiration from it, we developed a
framework to structure the modeling of the HSC and
satisfy the requirements previously outlined. Then,
some first representative elements of a typical HSC are
also provided as a result of the application of the defined
guidelines.

However, one step of the SE process is missing in the
approach issued, namely the ’System Analysis’. This
phase aims at quantitatively assessing the system to end
up with the most appropriate system architecture [29].
This phase has not been covered yet but highlights the
fact that the model is subject to some enrichment as the
research progress. Indeed, according to the classical
research process, the next step would be to design
the experiment. Defining the variables influencing the
outcomes of the study may lead to the addition of some
missing components to the model. For instance, in a PI
sense, we may want to forecast the demand before the
disaster occurs to improve the coverage. Such an idea
would probably require to investigate the vulnerability
of territories and so, requiring some updates.

Finally, as identified by Behl and Dutta as a
literature gap in the field of humanitarian supply chain
management, additional investigations are required to
standardize models and also capture the dynamic to
analyse cause and effect relationship [34].
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