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Abstract: Waste collection is a problem frequently attracting the interest of both academics and practitioners 
due to a continuously increasing number of laws addressing its efficiency and effects on humans and the 
environment when inefficiencies occur. In recent years, interesting results have been achieved through the 
use of innovative underground collection systems. Main expected effects are connected with improvements 
in pollutant and noise emissions during waste collection and transport, low obstruction to traffic during waste 
collection, small space requirement for collecting bins. Nevertheless, the design, production and installation 
process for these underground systems still remains a crucial aspect, given the strict deadlines that must be 
respected. Difficulties arise when customizations are required. Hence, project management is a key issue for 
ensuring expected results in terms of time, costs and perceived quality. In this paper, steps characterising 
project management in the field of underground waste collection systems, especially focusing on customised 
items, is analysed. Data obtained in a case study is commented on. 
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1. Introduction 

Project Management (PM) approaches are applied in order 
to complete projects successfully. Specifically, in the field 
of construction engineering, people implement PM 
notions in order to plan, manage and control engineering 
construction projects with the aim of meeting time, 
budget and specifications pre-defined (Kwak and Anbari 
2009). 

Betts and Lansley (1995), Morris et al. (2000), 
Themistocleous and Wearne (2000), Urli and Urli (2000), 
Zobel and Wearne (2000), Söderlund (2002), White and 
Fortune (2002), Söderlund (2004), Morris (2005), 
Crawford et al. (2006), Kwak and Anbari (2009) review 
PM related literature and categorize PM schools with 
different criteria, continuously evolving. In this paper the 
most recent contribution by Kwak and Anbari (2009) is 
accepted and works concerning PM are subdivided into 
eight categories: 

1.Operations Research/Decision Sciences/Operation 
Management/ Supply Chain Management (OR/DS/OM/ 
SCM) refers to the discipline associated with quantitative 
decision analysis and management principles including 
various optimization tools and techniques, network 
analysis, resource levelling, simulation, etc. 
2.Organisational Behaviour/Human Resources 
Management (OB/HR) refers to the discipline associated 
with organisational structure, organisational dynamics, 
motivation, leadership, conflict management, etc. 
3. Information Technology/Information Systems (IT/IS) 
refers to the discipline associated with the use of 

computers and computer systems to process, transmit, 
store, and retrieve information for better management 
decisions. 
4. Technology Applications/Innovation/New Product 
Development/ Research and Development 
(TECH/INNOV/NPD/R&D) refers to the discipline 
associated with the concepts of making innovative and 
technological improvements and the research and 
development of entirely new products, services, and 
processes. 
5. Engineering and Construction/Contracts/Legal 
Aspects/ Expert Witness (EC/CONTRACT/LEGAL) 
refers to the discipline associated with the use and 
application of a broad range of professional expertise to 
resolve issues related to engineering and construction, 
contracts, expert witness and their legal implications. 
6. Strategy/Integration/Portfolio Management/Value of 
Project Management/Marketing (STRATEGY/PPM) 
refers to the concepts of organising and managing 
resources to maximise profit, minimise cost and support 
the overall strategy of the organisation. 
7. Performance Management/Earned Value 
Management/ Project Finance and Accounting 
(PERFORMANCE/ EVM) refers to the concepts and 
techniques that measure project progress objectively by 
combining measurements of technical performance, 
schedule performance and cost performance. 
8. Quality Management/Six Sigma/Process Improvement 
(QM/6SIGMA/PI) refers to the concepts of improving 
processes, minimising defects and reducing costs by 
implementing continual improvement principles and 
specific measures and metrics. 



This work can be inserted in the group 
(TECH/INNOV/NPD/R&D) that, as cited by the 
authors, represents one of the disciplines in which 
research interests are currently focused and appear to have 
great research potential in the future. Yet, Betts and 
Lansley (1995) underline that PM works have an evolving 
subject focus, reflecting innovations registered in 
manufacturing and economy. 

Nevertheless, to the best of our knowledge, no works 
have been published by analysing the field of innovative 
and customised underground waste collection systems, the 
adoption of which is connected with beneficial effects, 
widely reported in Gamberini et al. (2010). Mainly, 
improvements in pollutant and noise emissions during 
waste collection and transport, low obstruction to traffic 
during waste collection, small space requirement for 
collecting bins are expected. 

Hence, in this paper project management in the field of 
innovative underground waste collection systems design, 
production and installation is studied, by describing steps 
required, emerging criticalities and available solutions for 
overcoming them. Finally, data obtained in a real life case 
study is reported. 

 

2. Operative steps 

As mentioned above, PM aims to successfully complete 
projects. In order to identify responsibilities and expected 
results in advance and subsequently control them, a 
subdivision of the project execution in steps is often 
implemented, an example of which is listed in the sequel, 
in accordance with guidelines reported by the Project 
Management Institute: 

1. Definition of the aim of the project 

2. Definition of the project manager, in accordance with 
skills required 

3. Definition of the project team, in accordance with 
multiple competencies necessary for success 

4. Definition of the Work Breakdown Structure (WBS), 
i.e. of the work packages (WP) belonging to the 
project, in terms of content, time required for 
completion, supposed costs and resources 

5. Definition of interdependences among the pre-
defined WP, along with organisation intended for the 
execution of the project, in order to estimate the 
whole duration and cost 

6. If emerging duration and costs of the project fit with 
customer expectations, the project can start. 
Alternatively, a re-discussion of steps 3, 4, 5 is 
addressed with the aim of identifying acceptable 
alternatives 

7. Subsequently, during project execution, a step–by-
step control of requested activities is implemented in 
order to respect the plan defined in step 5 or  set 
alternative operative plans, including emerged 
variances in estimated time, resources and costs 

Some more details concerning tools available during the 
execution of each step are reported in the following 
section. 

2.1 Work Breakdown Structure 

 
Fig. 1 – An example of WBS 

WBS is the hierarchical subdivision of the project into 
work packages, an example of which is reported in Figure 
1. Subdivision follows alternative criteria, which can be 
implemented at each level: 

- Functional subdivision, in accordance with 
similarities/differences in the expected function 

- Spatial subdivision, in accordance with places where 
activities will be carried out 

- Process subdivision, in accordance with 
characteristics of the manufacturing/assembly 
process 

- Component subdivision, in accordance with the 
necessity of working on the same component or 
group of components 

- Objective subdivision, in accordance with 
similarities/differences in the aims. 

2.2 Organisation Breakdown Structure 

Given WBS, each WP is assigned to corresponding 
resources and the people responsible for adhering to the 
estimated time, costs and quality of products and services 
are defined. Hence, the Organization Breakdown 
Structure (OBS) is set. 

2.3 Project duration and costs estimation 

The project duration is calculated by the use of well-
known approaches, i.e. Gantt diagram, Critical Path 
Method (CPM), Program Evaluation and Review 
Technique (PERT) (Winston 2004, Hillier and Hillier 
2008). 

Subsequently, total costs are estimated by introducing 
constraints related with the use of limited resources. 
Specifically, when different WPs require the same 
resource in the same period the project manager assigns it 
by following alternative criteria, i.e. preference given to 
the most critical WP in terms of impact on the total 
duration of the project, preference of the WP requiring 
the resource for a longer period of time, preference of the 



WP jointly requiring a major amount of resources for its 
execution, etc. 

Given the assignment of required and available resources, 
the final duration of the project is updated. 

A robust time and costs analysis is supported by project 
risk management approaches, i.e. events that could impact 
on the correct progress of the project are studied in terms 
of characteristics and content of the risk, probability of 
occurrence, and effects caused. Hence, preventive actions 
should be selected and implemented (Raz and Michael 
2001). 

2.4 Monitoring and control 

Monitoring and control is carried out during project 
execution. Its aim is to highlight variations between the 
existing and the planned situation, in order to evaluate 
corrective actions, limiting negative effects on the 
expected results, hence reducing delays and rise in costs. 

An available tool is the Earned Value Method (EVM) 
(Marshall 2007). 

 

3. Case study 

Tools introduced in the previous paragraphs are adopted 
for managing the design, production and installation of a 
customised underground waste collection unit, an example 
of which can be seen in Figure 2. Specifically, the project 
has been executed in conjuction with Ecologia Soluzione 
Ambiente S.p.A.. 

In accordance with the customer’s requests, expected 
performance in terms of time, costs and quality are 
defined during the drawing up of the contract. 
Subsequently, the project manager and project team are 
chosen from available competences and personnel. 

WBS is then set, as depicted in Figure 3. A logical 
subdivision process is adopted at the first stage. Hence, 
main activities are as follows: 

- Design of customised components 

- Materials supply 

- Production of standardised and customised 
components 

- Excavation in loco 

- Assembly in loco 

- Tests and final analysis. 

 
Fig. 2 – Underground waste compactor system, before (a) and during (b) container movement. 

  
Fig. 3 – WBS in the case of an underground waste collection system 

a) b)



 techincal 
office 

operator of the 
tecnical office with 

mechanical 
competences 

supply 
office 

suppliers 

1 Design X    
1.1 design of mechanical parts  X   
1.1.1 preliminary analysis  X   
1.1.2 preliminary design  X   
1.1.3 structural analysis of final product  X   
1.1.4 final design  X   
1.1.5 prototyping  X   
1.1.6 final test  X   
     
2 Materials supply   X  
2.1 electrical parts supply   X  
2.1.1 check of materials available   X  
2.1.2 suppliers call   X  
2.1.3 order emission   X  
2.1.4 material receipt    X 

Fig. 4 – matrix connecting WBS – resources responsible of activities execution 

In the second stage, a functional process is implemented 
and activities include the design of mechanical parts, 
electrical components and pneumatic parts. Nevertheless, 
only the design of mechanical parts is expanded, by 
including activities aiming to customise the upper part of 
each underground compactor, in accordance with the 
customer’s aesthetic requirements. Electrical and 
pneumatic components are specified only in terms of 
features requested by suppliers. Alternatively, for them, a 
structured and complex supply process is hypothesized. A 
similar analysis accompanies the complete WBS definition. 

Then, during the setup of the OBS, resources are allocated 
to elementary activities obtained in WBS. 

Figure 4 shows a matrix connecting each elementary 
activity with the personnel responsible for carrying it out. 

The computation of time required per activity and the 
definition of preceding constraints allows the 
implementation of the Gant diagram (see Figure 5 a)), 
subsequently modified in accordance with further 
constraints induced by available resources (see Figure 5 
b)).   

 
Fig. 5 – Gantt diagram in the case study (a) 

and resources overload (b) 

A total duration of the project of about 55 days is finally 
registered. The customer’s expected due date cannot be 
met and a delay of about 2 days occurs. 

Hence, alternatives are analysed. Specifically, the inclusion 
of one more operator in the production step is studied. 

A project duration of about 49 days is now registered. 

Costs per month are depicted in Figure 6, which also 
shows a comparison with values obtained before 
modifications. 

 
Fig. 6 – Costs registered before and after the 

implementation of modifications accelerating the project  

Finally, risks that could alter the identified estimated 
execution of the project are analysed. In particular, some 
events are explored as follows: 

- Finding archaeological sites during excavation: with a 
50% chance of happening; the impact on the project 
will stop both excavation and contractual duties 

- Delays to supply of materials: with a 10% chance of 
happening; the impact on the project will delay 
project conclusion and consequently result in an 

a) 

b) 



increase in costs. As a corrective action, the research 
of alternative suppliers is suggested 

- Zinc-plating (included in the production step) 
executed with required quality: with a 5% chance of 
this happening, it delays the project end time, hence a 
refund by the supplier is inserted in the contract 
traced with him 

- Change to the costumer’s requirement: rarely 
happens; induces a complete re-design of the project 
and consequently a re-evaluation of end time, in 
accordance with customer satisfaction. 

The project design step is followed by the project 
execution and consequently its monitoring and control. 

EVM is implemented in a pre-defined period of time. 
Variances in the estimated time and costs are registered, 
mainly due to activities included in the project and 
executed by third parties: the production of some 
components of the final product, zinc-plating, excavation. 

Hence, in the project risk analysis for the final product the 
effect of the following corrective action should be studied 
for further projects: creation of stocks of components 
common to a wide variety of products, in order to reduce 
the occurrence of delays due to supply of materials. 

The inclusions of refunds in contracts with third parties 
responsible for portions of the project (i.e. zinc-plating 
and excavation) is a practice yet to be implemented. 

Furthermore, such corrective actions are as much 
important as activities included in the critical path are 
executed by third parties. 

In the case study, significant delays do not affect the 
critical path. Hence contractual terms are respected and 
increases in costs are negligible. 

4. Conclusion 

Project management approaches are implemented in a 
wide variety of operative fields with the aim of 
successfully completing the estimated work. 

Published papers are focused on a wide variety of issues, 
reviewed and categorized by several authors. Nevertheless, 
the trend of applying project management to emerging 
market fields and products is a shared consideration. 

This paper contributes to the same research field by 
presenting tools and data featuring project management 
approaches used during design, production and 
installation of innovative and customised underground 
waste compactors, recently introducing beneficial effects 
in waste collection. Improvements in pollutant and noise 
emissions during waste collection and transport, low 
obstruction to traffic during waste collection, small space 
requirement for collecting bins are appreciated by both 
academics and practitioners. 

Results reported will be useful in future applications, since 
examples of successful WBS and risk analysis are 
reported. 
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