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ABSTRACT

The suitable location of facilities is a key factor in achieving efficient supply systems both in
the public and in the private sectors. Nowadays, most public and non-profit bodies offering
essential services (such as healthcare or environmental management facilities) are suffering
from severe funding limitations and budget cuts. In handling this scenario, the decision-makers
must take any possible action to ensure facility networks can keep operating and providing a
minimum required service level, even though, due to financial reasons, some facilities might
be downsized (and their operating hours reduced) or, in extreme cases, closed down. Any
reduction that is made might limit the service level, hence increasing the congestion level of
the system. For essential services, this means an increase in demand’s waiting times for server
availability; as such, users could consider moving to another available facility or, at a certain

point, leave the system.

This study aims to develop a mathematical model for reorganising the operations of
existing facility networks which encounter budget reductions issues. Due to reorganisational
actions, the network size might be reduced. Hence, this study is also concerned with the effect
of the reorganisation, i.e. the congestion problems which might derive from the changes
imposed onto the network. Limited studies were found in the area of reorganisation of
facilities” operations, especially in a scenario of supply shortage problem. Moreover, no study
considered congestion problem as part of reorganisation effect. Hence, this study proposed a
dynamic mathematical model using a multi-period logic as the main approach to solve the
reorganisation problem. The proposed model was adapted and used to solve two real-world
case studies from the City of Sheffield (UK): the first one concerned with the rationalisation
of Household Waste Recycling Centres (HWRC); the second one devoted to the organisation
of General Practitioners (GP) Facilities. Both types of facilities are currently dealing with

budget limitations issues.

The contribution of this thesis is twofold. First of all, the effect of reorganisational
actions on the networks was also considered and integrated, through explicit consideration of
congestion issues by means of a novel multi-period model which was proposed in order to
solve facility networks reorganisation problems. As such, this work provides an enrichment of
the literature related to reorganisation problems of existing facility networks; which not many
authors have explored. Secondly, such model was applied to two real-world cases faced by
local authorities and other planning bodies; through these implementations, the study also

contributed to practical problem-solving issues.
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CHAPTER 1: INTRODUCTION

Facility location decisions are among the essential tasks faced by both private businesses and
public service providers (Murray et al., 2010). Selection of an optimal location for a facility can
improve service performance and minimise risk. However, performing these decisions is not
an easy task (Bhatnagar & Sohal, 2005), also considering their long-term and strategic impact,
and the difficulty in revising them once implemented. Therefore, it is important to examine a
set of related issues prior to the location planning decision. For example, setup costs, traffic
network condition, covering ability, and facility capacity are some of the elements that must
be considered before choosing an appropriate facility location. Also, there are several elements
that must be monitored after the decision, for example, potential changes in demand patterns,
demand accessibility, and service performance. Managing and planning facility operations is
not an easy task, especially when dealing with tight budget constraints. Even with a limited
budget, any decisions must ensure that the system is effectively operated and at the same time

ensure a decent level of user satisfaction (Bhaumik, 2010).

As time evolves, populations, environments, demand’s needs, and trends might change.
Some existing facilities may no longer be able to provide an adequate service (Sonmez & Lim,
2012); it is worth to mention that, nowadays, given the current climate of austerity, most
existing services (especially those linked to non-profit and public-owned facilities) in Western
countries are suffering from budget restriction issues (Bruno et al., 2016). Restrictions can have
different impacts, which depend on the specific service provided by the facility. The impact of
budget restrictions especially for facilities providing essential services (such as educational
establishments, environmental services, healthcare, public toilets, libraries, or recreation
centres) might be severe (Bruno et al., 2016). In addition, a further increment in the use of
these facilities (public healthcare services, police departments, or waste recycling centres) might

affect the residual capacity level and might lead to congestion issues.

For instance, the number of general practice (GP) consultations are growing at a 3.5%
yeatly rate on average, compared with the 2% average annual growth in GP staffing times, due
to underfunding of the National Health System (Baird et al., 20106); all this is causing a severe

congestion of the network of GP surgeries across the UK.

Also, other essential services, such as waste management, have been impacted by
capacity reduction issues. By 2020, the UK is targeted to recycle at least 50% of household

waste (DEFRA, 2018¢). However, closure and reduction in opening hours of recycling centres



nationwide (due to financial cuts to Local Authorities)' might go against this objective. This
means that the service coverage for the public will be reduced and this will create congestion

in the remaining centres. Also, this conflicts with the sustainability objectives.

Such examples clearly show that facility networks management problems (which include
the location of the facility, its operational planning, and its scheduling) are an important matter,
also for the existing facility networks. Therefore, more sophisticated approaches could be
considered to cope with reorganisational problems arising in a context of supply reduction

problem, yet minimising any possible risks.

1.1. Research Aims and Objectives

This study aims to develop an approach for reorganising existing facility networks in the
presence of budget restrictions problem. In order to achieve such aims, the following three

objectives are identified:

1. To identify the characteristics, parameters, and variables of models capable of solving
decision-making problems in facility networks characterised by budget restrictions issues.

2. To develop mathematical models for existing facilities networks so as to solve facility
location problems in the presence of resource reductions.

3. To apply the proposed a method to solve real-world case studies, in order to perform

decisions such as the re-allocation, resizing, rescheduling or closure of existing facilities.

Our study contributes to the development of a mathematical model for reorganising existing
facility networks, at the same time, enriching the literature in related fields. This is because only
a very limited amount of literature has been found on the reorganisation of facility operations,
especially when in shrinking or downsizing the network size. The model formulation is

developed keeping into account the need to apply it to the real-world problems.

I See, for example, reports about closures in Oxfordshire (reported by Sproule, 2015) and Hampshire (reported
by Neal, 2016) and the reduction in opening hours in North Yorkshire (reported by Prest, 2016).



1.2. The Developed Model: General Outlook

A brief review of the developed model is presented in order to ensure that readers are able to
grasp its underlying fundamentals, especially the type of model and its characteristics, i.e.

network type, demand and locations type.

The proposed model is a dynamic model that utilises a multi-time period logic.
Therefore, the proposed solutions were varied from time period to time period, hence,
assisting the decision-maker in creating an optimal schedule for each facility. Additionally, the
model is able to predict the demand’s circulation within the network for each time period. Any

possible risks associated with the facilities’ schedules is also highlighted by the model.

Multiple facilities within a network are considered. These facilities provide similar
services and are related to each other. Thus, any action taken on one of these facilities will
affect the network’s operations. The proposed model employs the total cost to run the facility
network as the main objective function; several constraints are included (for instance, the
capacity of the facilities). This means the model is highly sensitive towards the costs and
capacity level. The entire solution process was developed by using the mathematical
programming solver software, CPLEX 12.6 on computer with a memory of 8.0 GB RAM, a
2.50 GHz processor and the Windows 10 operating system.

In general, the proposed model is able to deal with any service which is facing a supply
reduction problem (such as budget or workforce reductions) and to reproduce other relevant
characteristics. The main assumptions of the model are: (1) all facilities are managed by a single

central authority; (2) all facilities are characterised by a given capacity constraint.

The model is suitable for existing facility networks, however, with several modifications
and refinements, such as changing the set of existing facility locations to the set of potential
facility locations, it can be used in planning for facility location and its operations in the future.
Besides that, the proposed model in this thesis can be used for tactical and operational setting
of facility networks to suit the current demand level. The real-life applications of the proposed

model can be found later in this thesis.

1.3. Thesis Organisation

This thesis contains seven chapters and is arranged in three main parts that comprise: literature,
methodology, and applications. The first two chapters deliver an overview of the dynamic

facility location models and their related literature, especially in reorganising facility operations.



Chapter 3 highlights the development of the proposed multi-period model. Chapters 4 and 5
show the implementation of the proposed model on real-world case studies. Chapter 6

concludes and provides the future directions of our study.

Chapter 2 reviews the literature with the objective of assessing the body of knowledge
related to problems dealing with the reorganisation of facility operations; contributions in this
field are classified and analysed; also, facility location problems with congestion issues are

investigated, as congestion can be seen as a side effect of supply reduction.

Chapter 3 focusses on the development of a multi-period model for the reorganisation
of facility operations. A step-by-step construction process for the proposed model is presented
and explained. Experimentations on the performance of the proposed model, focussing on

sensitivity analysis and computational times, are presented.

Chapter 4 discusses the application of the proposed model to the first case study, which
is related to the household waste recycling centre (HWRC) in Sheffield. A brief background
on Sheffield, waste management systems and recycling are presented. Data collection
processes are discussed and presented. The refinement of the proposed model is demonstrated

and implemented in the case study. Key findings are discussed.

Chapter 5 focusses on the application of the proposed model to the primary healthcare
service, 1.e. GPs. This chapter introduces a new model to create a network of backup facilities
as an initiative to reduce the network’s congestion level, which is then utilised to provide users

with alternative mechanisms for service provision.

In Chapter 6 some conclusions are drawn. The research objectives are recalled and
discussed. The contributions and significance of the research are also evaluated. At the end of

this chapter, possible areas for future work are presented.



Chapter 2: Reorganising Facility Networks with Supply Reduction Problenm — A Literature Review

CHAPTER 2: REORGANISING FACILITY NETWORKS
WITH SUPPLY REDUCTION PROBLEM - A
LITERATURE REVIEW

Reorganising facility networks is a common action in both public and private sectors (ReVelle
et al., 2007). Changes in demand patterns, mergers between organisations, or financial
restrictions may create pressure on facility operations and affect the spatial organisation of
services, especially for non-competitive public sector facilities. Accessibility of user can be
affected, and service quality can be reduced, causing over-utilisation and congestion of
remaining facilities (Bruno et al., 2016). Therefore, the need for models and methods for
reorganising facility networks in such a way to minimise the damage to the user has gained
interest in the literature (Farahani et al.,, 2014). The tasks that need to be planned include,
reschedule facility operating times, opening of new facilities, relocation, closure or downsizing

of existing ones.

This chapter is dedicated to review the existing literature on reorganising facility
networks, with special focus on studies which deal with supply reduction problem. In addition,
a review of facility location problems dealing with congestion issues are examined too, in order
to investigate how the literature has dealt with this issue which could be a potential
consequence of rationalisation actions. Then, literature gaps are highlighted. At the end of this

chapter, research philosophical that act as based to our model development is also underlined.

2.1 Coverage of The Literature Studies

To date, not many studies about the reorganisation or closedown of facilities can be found.
However, in general, location models would also be applicable in choosing which existing
locations are to be closed (ReVelle et al., 2007), with some modification in variable definitions
and constraints, for example, limits in number of facilities to be closed. But these models are
useful once per decision-making process. The “permanent and static” facilities concept does
not resemble dynamic changes in the location network (Antunes & Peeters, 2000). Besides
than the reduction in number of operating facilities, the reorganisation could also include: the

reschedule the facility operating periods, and optimise the capacity of the facilities.



Chapter 2: Reorganising Facility Networks with Supply Reduction Problenm — A Literature Review

Reorganisation

of existing facility

operations (ex-ante/ ex-pos?) ¢ De-location of facility/
re-location of facility

e Congestion problem

Multi-period

Supply reduction Models

problem

LSP-like
models

Figure 2-1: Coverage on the surveyed literature

Figure 2-1 highlights the related literature of facility location problem with
reorganisation components in a concentric circles form. Specifically, our interest lies in dealing
with the reorganisation of existing facility network; involved decisions might include closure,
downsizing or variations of the opening schedule of considered facilities, which were caused
by budget constraints or supply reduction problems. Therefore, the first stage of literature
analysis starts with a review of past studies on reorganising facility location problems, which

can be classified into ex-ante ot ex-post models, which can be defined as follows:

e In Ex-ante models, decisions are made before changes occur; this deals with a need to
undertake future planning exercises, specifically related to possible changes in the
demand pattern which could lead to an increase or reduction of the size of the network
(number of operating facilities) or of operating periods of a facility (or facilities).

e Ex-post models deal with decisions which are made affer the changes have occurred, in
order to respond to some demand/supply changes through the reduction of 