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Executive Summary
The 2009 L’Aquila earthquake, Italy, killed 314 people and displaced
approximately 70,000. The largely historic town, with predominantly multistorey unreinforced building stock suffered severe damage. In total
approximately 25% of the 72,000 damaged buildings required full demolition.
It has been estimated that approximately four million tonnes of waste will be
generated from the demolition and repair works – as of September 2010 only
40,000 tonnes had been removed from the original building damage
locations. It is estimated that 70-80% of the waste is aggregate and this was to
be recycled.
Debris management works were initially coordinated by Protezione Civile
(DPC). In December 2009 the responsibility for the works was handed over to
the 57 affected municipalities. The works were divided into three categories
depending on building damage. The work categories are listed below with a
brief description:
1. Full demolition works were largely carried out by the fire brigade. DPC
set up temporary staging areas to sort mixed wastes brought from
demolition works. Under the management of the municipality waste
was sorted at the demolition sites and the temporary staging areas were
used as interim storage areas.
2. Major repair debris was handled by contractors carrying out repair
work and who were approved as National Environmental Managers.
Contractors were responsible for separating wastes and taking
materials to recycling operators or disposal sites.
3. Minor repairs were dealt with by individual property owners. Central
collection facilities were provided for by the municipality. The
municipality was then responsible for separating the wastes and taking
it to recycling facilities or disposal sites.
Several legislative and regulatory changes were necessary to facilitate the
waste management process. The main changes were the classification of all
collapsed building waste as general municipal waste under the European
Waste Code classification. This allowed the municipality to be classified as the
waste producer (and is therefore responsible for management of the
earthquake debris) and to transport the mixed waste offsite to temporary
staging areas for separation. The Fire Brigade and Army were also authorised
to transport waste. Expedited regulatory processes were put in place to

Disaster waste management
2009 L’Aquila earthquake

identify temporary staging sites, recycling processing facilities and disposal
sites.
Four major factors governed the waste management process:
1. The overall coordination of the waste management process was poor.
After the DPC handed responsibility to the municipality there appeared
to be little or no strategic oversight of the waste management process.
Organisations operated in their ‘peace-time’ capacities and the goal of
recovery appeared to be lost. As a result waste management
bottlenecks, such as siting of inadequate temporary staging areas and
recycling facility capacities were not identified or solved in a timely
manner. This led to significant delays in the waste management
process.
2. The Italian policy on full funding of natural disaster recovery ensured
public and environmental risks associated with earthquake debris could
be prioritised and managed equally across all affected properties which
has community wide benefits..
3. The organisation of the physical works into three categories, as
described above, was generally an effective approach. The change from
separation offsite to separation on site (by the municipality) had a
significant impact on the speed of the waste management process.
4. The adherence to strict environmental standards in particular in
relation to siting temporary staging areas and recycling facilities, while
having a positive short and long term environmental effect,
significantly impacted the speed of the recovery process.
Emergency and recovery managers in L’Aquila have cited debris, as a
significant hurdle on their road to recovery. The delays in the recovery
process have led to some public protests and general community
dissatisfaction. Some of the delays in the waste management process have
been due to unavoidable circumstances such as management of historic
wastes. However, the majority of the delays were as a result of poor
organisational management, poor systems and processes and strict
environmental standards, as listed above.
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Acronyms and Glossary
AeDES
ARTA
ASM
CFS
Comune
Di.Coma.C
DPC
EMAS
EU
EWC
FIR
GTS
ISPRA
OPCM
NOE
Provincia

Agibilità e Danno nell'Emergenza Sismica (AeDES) [Survey to
assess fitness for human habitation and damage after seismic
emergency]
Agenzia Regionale per la Tutela dell’Ambiente [Regional Agency
for Environmental Protection in Abruzzo]
Aquilana Società Multiservizi [L’Aquila Municipal Waste
Contractor]
Corpo Forestale dello Stato [State forestry department]
Local authority or municipal council
Direzione di Comando e Controllo [Directorate Command and
Control]
Dipartimento della Protezione Civile [Civil Protection
Department]
Eco-Management and Audit Scheme
European Union
European Waste Code
Form of Identification
Waste report
Istituto Superiore per la Protezione e la Ricerca Ambientale
[Institute for Environmental Protection and Research]
Ordinanza del Presidente del Consiglio dei Ministri [Prime
Ministerial Decree]
Nucleo Operativo Ecologico dell’Arma dei Carabinieri
Local environmental authority
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1 Introduction
1.1 L’Aquila Earthquake
On the 6th of April, 2009, an earthquake measuring 6.3 on the moment
magnitude scale hit the Abruzzo region in central Italy. The epicentre was
near the province capital L’Aquila, see Figure 1.1. The predominantly masonry
and reinforced concrete building stock suffered significant damage
(Di.Coma.C, accessed 2010) including a large number of historic buildings. As
a result, 314 people were killed and almost 70,000 people were left without
homes and services (Dolce, 2009). In addition many local authorities had lost
their buildings and in some cases staff members as well.
The earthquake has been labelled by some as the “worst disaster of the [last]
century [in Italy]”.
The collapse of predominantly masonry buildings generated an estimated four
million tonnes of waste – 70-80% of which was aggregate. The debris
management process has been slow and this report investigates the strengths
and weaknesses of the waste management programme.

L’Aquila

Figure 1.1

Location of L’Aquila, Italy (www.big-italy-map.co.uk, accessed
2010)
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1.2 Report Scope
This report includes: background to disaster waste management and waste
management in L’Aquila; a brief overview of the response and the initial
stages of the recovery from the 2009 L’Aquila earthquake; and details of the
disaster waste recovery process – including demolition works, collection and
disposal. The final section of the report is an analysis of the strengths and
weaknesses of the key waste management decisions.
The report forms a case study of a modern disaster waste management
system. It will be used, by the authors, as part of a wider study on disaster
waste management systems and will in time be compared with other case
studies to try and develop a strategic and integrated approach to planning for
and responding to disaster waste.
It should be noted that the focus of the report is on the recovery phase,
therefore waste management during the emergency phase is commented on
but not analysed in any detail.
The scope of this report is limited and waste here excludes for animal and
human remains and wastewater.
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2 Methodology
2.1 Literature review
The development of this case study has included a review of both pre-disaster
contextual information and post-disaster reporting. Documents cited include
websites, newspaper articles, legal documents and reports.
2.2 Field data
A data gathering trip to Rome and L’Aquila was carried out by the lead author
in April 2010, approximately sixteen months after the earthquake. The
purpose of the trip was to interview professionals involved with or impacted
by the disaster waste management process. The affected area was also visited
during the trip to observe the current status of the debris management process
and to visually assess the impact of the waste on the communities.
Unfortunately due to the lack of time and language barriers, no community
interviews were possible. Community and social impact assessment in this
report are therefore limited to data from reports and newspaper articles.
2.2.1 Professional Interviews
In total, 10 professionals involved in the waste management process
(including contractors, fire brigade, local, regional and national government
regulators, disaster managers and university staff) were interviewed using a
semi-structured interview approach. The interviews were approximately one
hour long and included questions relating to the following main areas:















Disaster waste nature / composition
Initial assessments of disaster waste
Existing waste management system
Organisational structure of the disaster waste management response
Community responsibility / involvement in clean-up
Demolition process
Disaster waste collection system
Disaster waste recycling
Disaster waste disposal
Timeline and priorities of waste management activities
Reconstruction
Costs
Economic impact of disaster waste presence
Legal structures around disaster waste management

The qualitative interview data was analysed under four main themes:
1) The overall coordination of the waste management works
2) The funding mechanisms
3) The organisation of the physical works
4) The environmental standards adopted
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For each theme three levels of information were extracted:
a) The process, chronology and details of the waste management
process.
b) The social, environmental and economic impacts of the chosen
waste management system.
c) The decision-making process including decision methods,
constraints, and drivers.
2.2.2 Limitations
The quality of the information is limited by: the memory, understanding and
interpretation of the situation by the interviewees; Italian to English language
translation; cultural interpretation by the interviewer; and the interviewer –
interviewee relationship.
The data requires the memory of interviewees. There was often conflicting
accounts of when certain events took place and how long they lasted. The
interviewees were recalling information from up to 16 months prior to the
interview so this does have a marked effect.
De Vaus (2002) notes that in face-to-face interviews interviewees may be
more likely to give acceptable rather than true answers (social desirability).
The interviewees here, for instance, as participants and decision-makers in the
waste management process have a vested interest in having a positive report
on their work.
There may also have been an effect from the cultural difference between the
interview and interviewees, or as De Vaus describes it – the effect of
observable characteristics. This is where an interpretation of a situation is
influenced by one or other’s cultural background. This may include language
nuances, voice tone and body language. The use of a translator, here,
increased the potential for cultural misunderstanding as it is likely the
translator paraphrased and inadvertently added their own interpretation.
Where possible, triangulation of all information with other interviews and
published data was attempted. However, limited published data and widely
varying accounts, meant that in some cases it was not possible to confirm all
details. It is noted where approximated information has been used.
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3 Background
3.1 Disaster Waste Management
Depending on their nature and severity, and the state of the built environment
they impact, disasters can create large volumes of inert and hazardous debris.
Recent natural disasters such as the 2010 Haiti earthquake (Booth, 2010;
Johnson and Correa, 2010; Kahn, 2010) and Hurricane Katrina 2005 (Luther,
2008; USEPA, 2008; Brown and Milke, 2009) have generated volumes of
waste which overwhelmed existing solid waste capacities and required
extraordinary management approaches. Poor management of a clean-up
effort can result in a slow and costly recovery which is potentially risky to
public and environmental health in both the short and long term.
There are limited studies existing specifically on earthquake waste
management. Waste issues following the 1995 Kobe earthquake have been
well fairly well documented (Kuramoto, 1995; Lauritzen, 1995; Lauritzen,
1998; Reinhart and McCreanor, 1999; Baycan and Petersen, 2002; Inoue et
al., 2007; Hirayama et al., 2009; Hirayama et al., 2010). Other earthquake
events where waste issues have been explored include: 1995 Northridge
earthquake, US (USEPA, 1995; Jones, 1996; State of California, 1997; USEPA,
2008); 1999 Marmara earthquake, Turkey (Baycan and Petersen, 2002;
Baycan, 2004). There are minor reports on: 1989 Loma Prieta earthquake,
US, 1990 Luzon earthquake Philippines, 1992 Erzoncan Earthquake, Turkey
(Lauritzen, 1996/1997); 1992 Humboldt County Earthquake, US State of
California, 1997); and 2003 Algiers-Boumerdes, Algeria Earthquake (Benouar,
accessed 2009).
Earthquake waste managers in the past have faced many challenges,
including: insufficient landfill space; highly mixed waste; heavy waste;
shortage of machinery and personnel; overwhelmed recycling and disposal
facilities; and asbestos.
The need to plan for disaster debris or waste has only really been recognised
within the past 15 years. The first and most comprehensive national guidance
on disaster debris management was in the 1995 document prepared by the
United States Environmental Protection Agency (USEPA) “Planning for
Disaster Debris” (USEPA, 1995) which was updated in 2008 (USEPA, 2008).
Most US local government authorities now have plans due to recovery cost
incentives provided by the Federal Emergency Management Agency (USEPA,
2008). Outside the US the benefits of planning for debris management are
being increasingly understood (Johnston et al., 2009; JEU, 2010).
3.2 Existing waste infrastructure in L’Aquila
Collection of waste in L’Aquila is managed by Aquilana Società Multiservizi
(ASM). Following collection, waste is taken to a transfer station (located at a
former landfill site – La Cona) where mixed waste is containerised and taken
by Ecoaspa Aquilana Fuels Ltd to Atri landfill, 85km from L’Aquila.
Recyclables are also stored at the transfer station until recyclables can be on-
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sold. Typically municipal recyclables include glass, iron, plastic, white goods,
wood, paper, tyres and clothing (Spagnoli, accessed 2010).
The major organisations involved in waste management are:
1. Provincia dell’Aquila - the local environmental regulatory authority
responsible for regulating and guiding waste management activities
(for example the Construction & Demolition management guidelines
(Stagnini, accessed 2010)).
2. Comune di l’Aquila – the local authority responsible for
implementation of waste management collection, transportation and
disposal.
Waste management in Italy is based on the European Union (EU) waste rules,
adopted by Italy in the late 1990’s. The current waste laws in Italy are
outlined in Decree Law n.152/2006 (Italian Government, 2006).

4 The Overall Earthquake Response
4.1 Protezione Civile
The Dipartimento della Protezione Civile (DPC) (Civil Protection Department)
was established as the coordinating body for all national emergency events
under the National Protection Act 225, 1992. The National Civil Protection
Service is the body of people and organisations that sit under the DPC to
safeguard human life and health, goods, heritage, human settlements and the
environment from all natural or man-made disasters (Dolce, 2010). Under
the Act, DPC also has authority to make special laws to fulfil its emergency
response and recovery functions. The laws are called Ordinanza del
Presidente del Consiglio dei Ministri (OPCM) or a Prime Ministerial Decree.
The emergency and recovery phases following the L’Aquila earthquake were
led by a governmental commissioner. Initially this position was filled by the
head of the DPC, then responsibility was transferred to the President of
Regione Abruzzo. During the recovery and reconstruction phases there were
two commissioners: The Reconstruction Commissioner (filled by the
President of Regione Abruzzo) and the Welfare Commissioner.
Under the National Protection Act all natural disaster damage is covered by
the National Government / DPC. No individuals are required to be insured.
DPC funding is governed by Law n. 388, 23 December 2000 which covers
annual budget allocations. All individual compensation is determined after a
given disaster event.
Within DPC there is an environmental unit responsible for coordinating solid
waste and sewage management (including transport and storage) and air
quality control during national emergencies.
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4.2 Emergency Response
The National Civil Protection Service was activated immediately following the
earthquake. A command centre was set up at regional (Abruzzo) level
(Direzione di Comando e Controllo or Di.Coma.C). Each Province (in this case
L’Aquila Province) housed a situation command centre to manage all the
municipality command centres.
Search and rescue operations lasted one week, with more than 100 persons
being dragged from the rubble alive. The mayor of L’Aquila mandated the
evacuation of the whole town resulting in the order of 70,000 displaced people
requiring shelter and other basic welfare services. Welfare camps were set up
with tents and basic services. Some families were housed in hotels and with
family members until temporary housing units were available (Dolce, 2010).
Lifelines in the L’Aquila area were significantly affected. However, the
emergency evacuation of the city reduced demand on services and much of the
damaged services were in prohibited access areas. Major roads were not
damaged, the main disruption to the road network resulted from collapsed
building rubble blocking roads (Dolce, 2010).
4.3 Recovery and Rebuilding
72,000 building safety assessments were carried out over six months. The
inspection process was based on a manual called Agibilità e Danno
nell'Emergenza Sismica (AeDES) (fitness for human habitation and damage
after seismic emergency) which classifies a building into one of six categories
based on its usability:
A – Usable building.
B – Building useable after minor repairs (limited or no structural damage).
C – Partially useable building (limited or no structural damage, several nonstructural damage). Partial collapse of building should not pose risk to
useable part.
D – Building to be re-inspected.
E – Unusable building.
F – Unusable building due to external risk.
52.6% of total buildings inspected were category A. 30.6% were unusable
either due to imminent collapse (25.6%) or external risk (5%) (Dolce, 2010).
A separate and more detailed assessment was used for buildings of cultural
significance. Almost 1,800 buildings were investigated and over half of those
buildings were categorised as unusable, with 23% immediately usable (Dolce,
2010).
The majority of the damage occurred in the historic centre of L’Aquila. The
area is densely populated with multi-storey masonry buildings with very
narrow streets. As a result of the high damage and the ongoing aftershocks
further destabilising some buildings, the central area of L’Aquila was closed.
The area was referred to as the ‘Red Zone’, see Figure 4.1. At the time of the
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reconnaissance in September 2010, the city centre of L’Aquila had been
partially opened to encourage the regeneration of the city centre. There were
a handful of shops open on the one passable street and the majority of the
buildings were unoccupied. Temporary building strengthening, such as
external props and steel bracing (Modena et al., 2010), has been employed
while permanent restoration works are carried out. Restoration works in the
city centre during the days of the reconnaissance had been temporarily halted
due to seismic activity in the area.

Figure 4.1

Fence and sign identifying the Red Zone (Zona Rossa) in the City
Centre of L’Aquila.

Repairs and structural strengthening to school buildings was prioritised to
ensure schools would be operational as soon as families returned to the area.
Public buildings were also prioritised to return to full public service.
However, many public buildings were located in the red zone and new
buildings had to be found (Dolce, 2010). According to those interviewed, the
priority for residential repair works were buildings with B and then C- grade
damage. This was to enable people to get back into their homes as soon as
possible. There have been no estimates on the expected time to complete all
repairs and rebuilds.
The restoration of historic buildings has been a very slow process. Factors
including worker safety in the confined working environment of the ‘red zone’;
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rules and plans around repair versus reconstruction and seismic
strengthening; and Italian regulations around management of historic debris
(requiring reuse of all ‘historically and monumentally significant parts of the
debris (carved stones etc.)’) (Dolce, 2010).
General public belief is that the rebuilding will take 10 years or more. While
the temporary housing units are appreciated by many, there is general
concern over the impact this is having on the city environment. Individual
transport costs have increased as services and amenities are needed closer to
temporary villages. However, people do not necessarily want to see the
villages become permanent new ‘towns’.

5 L’Aquila Earthquake Waste Management
5.1 Waste Description
Due to the largely masonry and concrete building stock, 70-80% of the waste
stream is expected to be aggregates. Other materials expected include metals,
plastics and other residual materials from typical household fittings and
contents (Di.Coma.C, accessed 2010).
The major hazardous material identified in the waste matrix was asbestos.
The author does not know the quantities of asbestos expected and/or disposed
of to date. Professionals interviewed gave varying accounts on the presence,
risk and management of asbestos: “asbestos is not a problem”; “asbestos is a
problem but in a small amounts – 40-50% of buildings in the historic centre
have small amounts of asbestos”; “the presence of asbestos slows the
demolition period of a building from two days to two weeks”. Management of
asbestos is discussed further in Section 5.5.10.
Initial waste estimates by DPC, for waste resulting directly from the
earthquake and from demolition and repair works, were between 1.5 and 3
million cubic metres of debris (Di.Coma.C, accessed 2010). In July 2010,
these estimates were updated by the Technical Institute for Construction – a
group of the National Research Council (ITC-NCR) and the Fire Department.
The estimate was prepared based on a specific weight of waste per building
volume and the total volume of buildings, type of building and degree of
damage. The total waste still to be demolished / repaired was calculated as 2
– 2.65 million cubic metres or 3.2-4.24 million tonnes (Dott. Ing.
Giandomenico Cifani and Dott. Ing. Sergio Basti, 2010).
5.2 Organisation
5.2.1 Management
As discussed in Section 4.1, the environmental unit of DPC is generally
responsible for overall coordination of solid waste during an emergency. In
the case of L’Aquila, solid waste was managed by DPC until December 2009
when implementation was handed to each of the 57 individual municipalities
to manage (Bonanni and Stagnini, accessed 2010).
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In the first phase, DPC liaised with municipal and regional authorities (that is
those that manage waste during peace-time and were responsible for waste
management, environment and public health) to ensure the systems
established were in line with local and regional solid waste policy and
planning. The approach was to integrate the waste management system
across the whole region. There was also some liaison with authorities in
regions outside the affected area, particularly while investigating options for
locating recycling facilities.
After handover to the municipalities, each municipality was responsible for
managing waste from their locality.
The roles of the main organisations involved are explained below:
National government
Under special request, the Prime Minister can issue special laws (ordinanze di
protezione civile) to facilitate an emergency response and recovery (Bonanni
and Stagnini, accessed 2010) but these laws cannot overrule EU regulations.
The appointed Commissioner for Reconstruction issued a directive in mid2010 outlining procedures by which waste should be managed (Dott. Gianni
Chiodi, 2010) but these had limitations due to EU regulations.
Provincia dell’Aquila
(L’Aquila local environmental authority)
In line with peace-time responsibilities, waste management guidelines were
prepared by Provincia dell’Aquila to outline the technical and logistical
running of temporary sites, collection centres and transportation. Provincia
dell’Aquila was also responsible for identifying landfill sites for unrecyclable
materials. Provincia dell’Aquila was also responsible for regulatory changes
required to facilitate the clean-up (see Section 5.3) (Bonanni and Stagnini,
accessed 2010; Stagnini et al., accessed 2010a; Stagnini et al., accessed
2010b).
Comune di l’Aquila
(L’Aquila local authority / city council)
According to Bonanni and Stagnini (accessed 2010) the Comune was
responsible for:
 Identification of temporary sites for storage and sorting of materials
 Set-up and management of storage facilities (including use of
processing equipment if necessary)
 Removal of material resulting from collapse of buildings and transport
to temporary storage sites.
 Reporting costs to the Commissioner
European commission
The EU did not have any direct role in the emergency response and recovery.
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Agenzia Regionale per la Tutela dell’Ambiente (ARTA)
(Regional Agency for Environmental Protection in Abruzzo)
ARTA provides regional technical support for environmental issues. In this
case ARTA contributed to the identification of waste management facilities.
They also assisted in establishing technical guidelines for handling of the
waste (Dott. Gianni Chiodi, 2010; Di.Coma.C, accessed 2010).
Istituto Superiore per la Protezione e la Ricerca Ambientale
(ISPRA)
(Institute for Environmental Protection and Research)
ISPRA is the national body for research and technical advisory on
environmental issues. Post-earthquake, ISPRA was involved in the
identification of waste management sites (temporary staging, recycling and
disposal) (Dott. Gianni Chiodi, 2010; Di.Coma.C, accessed 2010).
Azienda Sanitaria Locale (ASL)
(Local Health Authority)
ASL was involved in some collaborative discussions on waste management
strategy and identification of waste management sites. However, primarily
ASL had an operational role comprising establishing standards for and
monitoring of public health and work safe conditions at all works sites (Dott.
Gianni Chiodi, 2010; Di.Coma.C, accessed 2010).
5.2.2 Physical works
Primarily the debris management works were aligned with the level of damage
sustained (see Section 5.5) which in turn was linked to the funding mechanism
for the works (see Section 5.4).
Collapsed buildings or any structures requiring demolition were managed
initially by the National Fire Corps and later by approved Environmental
Managers (see below). The waste from these buildings would go to temporary
staging areas and on to recycling facilities or disposal areas. The latter stages
of this process were the responsibility of the DPC and then the municipalities.
In this case the local municipal waste contracting company, ASM, was
engaged to manage all these sites (Di.Coma.C, accessed 2010).
All major repair work and contaminated waste was to be managed by firms
approved as Environmental Managers (as established in Decree Law
152/2006, Article 212 paragraph 5 of D) (Di.Coma.C, accessed 2010). Outside
the red zone it was the building owner’s responsibility to engage a contractor
to carry out repair works (including debris management). Within the red zone
it is understood that all 159 willing organisations on the approved contractors
list were given several buildings (by the municipality) to protect immediately
after the quake to prevent further damage. These building allocations have
remained and the contractors are now responsible for the repair works of their
respective buildings. Organisations were allocated by the municipality not the
building owner. The contractors were responsible for separating waste on site
and recycling or disposing of the waste as appropriate at existing facilities.
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All minor works (building damage A) were to be carried out by individuals.
Collection centres were provided by the municipality. The waste collected at
these centres would be separated and recycled or disposed of. As for the
temporary staging areas ASM was engaged to manage these sites.
National Fire Corps
The National Fire Corps also had responsibility for:
 All works in the restricted area in the centre city (including
prioritisation of activities within that area) (Di.Coma.C, accessed 2010).
 All demolition works where an investigation is being carried out (where
either someone died in the building or the building owners are
investigating fault for building collapse).
 When debris impedes the street or there are personal safety concerns.
The roles above were generally within their peace-time jurisdiction of
protecting lives and property. In addition to this, in mid-2010 the national
fire corps were officially given responsibility for transportation of wastes to
the temporary staging areas (Dott. Gianni Chiodi, 2010) – a role which is
outside their normal operations and responsibilities.
Military
The military also supported waste management efforts, however, it is unclear
the extent of their involvement. Some respondents advised that they were
only involved in the initial three to six months, however, army trucks and
personnel were observed working on demolition and debris transportation
during the April 2010 reconnaissance, see Figure 5.1.
National Police
The national police were responsible for recovery and return of personal
belongings found at demolition sites (Dott. Gianni Chiodi, 2010).
Environmental Managers
Environmental managers are contractors that have been appropriately
certified in line with EU (EMAS – Eco-Management and Audit Scheme) and
Italian law as well as ISO 14000 (Environmental Management Systems and
Standard). Contractors must pay to maintain their registration (the ALBO
‘list’).
ASM
ASM was responsible for managing the temporary staging areas and the
collection centres for earthquake debris. Under the DPC managed works ASM
was responsible for separating the wastes at the temporary staging areas and
facilitating recycling or disposal. In mid-2010, after the handover from DPC
to municipalities, a directive from the Commissioner for reconstruction was
issued (Dott. Gianni Chiodi, 2010). This stated that ASM was responsible for
collecting waste in streets, squares and or in collapsed areas. ASM was
responsible for separating the wastes appropriately (including personal effects
and items of historical significance) at the collection point or under special
approved circumstances at the temporary staging site (see Section 5.5.8).
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ASM was also given authority to process aggregate into material for
environmental remediation.

Figure 5.1

Army and National Fire Corps participate in demolition works 16
months after the 2009 Earthquake

5.2.3 Cross-organisational liaison
Under the direction of DPC and led by Deputy Commissioner Director Prof De
Bernardinis, a meeting was held on 17 April 2009 between Provincia
dell’Aquila, the Ministry of Environment, the Abruzzo Region, the
Municipality of L'Aquila, ISPRA, l'ARTA Abruzzo, ASL of L'Aquila and Pescara
NOE. The meeting helped to outline a number of important aspects of the
debris management process including necessary legislative provisions and the
issues around expeditiously identifying temporary storage areas (including
prioritising local quarry site locations) (Bonanni and Stagnini, accessed 2010).
In DPC’s handover guidance document to the municipalities (Di.Coma.C,
accessed 2010), a round table was set up to try and ensure continuity and
coordination for waste management activities. The group included Provincia
dell’Aquila, Comune (all affected), Unione Province d’Italia (organisation
presenting all regions), Associazione Provinciale Costruttori Edili
(Contractor’s Association), ISPRA, ARTA, Corpo Forestale dello Stato (State
forestry department), Nucleo Operativo Ecologico dell’Arma dei Carabinieri
(NOE)(Army), and managers of public sanitation services. The group also
continued to link with the DPC for technical and legal support It is unclear
how effective this forum was.
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A small working group was formed in August 2009 by Provincia dell’Aquila
between organisations in the mining and waste management sectors, the
Regional Association Cavatori, the ANPAR (National Association of
Manufacturers recycled aggregates) to address technical and regulatory issues
concerning the recycling of earthquake wastes. This includes options to
expand existing recycling facilities to process some of the earthquake wastes
(Bonanni and Stagnini, accessed 2010).
5.3 Legislation
It was recognised early in the emergency recovery process that some changes
would be necessary to existing legislation to enable the efficient and effective
management of the earthquake wastes. DPC was thus required to exercise its
powers to make emergency laws to facilitate the waste management works (as
authorised, see Section 4.1).
Neither the EU waste directives nor Italy’s Decree Law 152/2006 consider
waste management procedures in an emergency situation, hence all
emergency legislation had to be established during the response and recovery
period (Di.Coma.C, accessed 2010). There had also not been a similar size
disaster since the EU waste laws were brought in the late 90’s so there were no
previous cases to take lessons from. Appendix A shows a summary of the
emergency orders relating to waste management. The key legislative changes
are discussed below.
Peace time EU and Italian waste management law stipulates that all waste has
to be assigned a European Waste Code (EWC) prior to transportation. The
codes are pre-defined and are divided into chapters (Wallstrom, 2000). The
chapters relate to the producer of the waste (commonly by industry) and the
subcategories correspond to the nature and type of waste. There was no
chapter, nor a subchapter, that described the mixed nature of the earthquake
debris. Some of the codes (chapter 17) cover construction and demolition
industry waste but these codes correspond to waste produced by private
contractors. In addition much of the waste was not construction and
demolition waste – the building waste was mixed with household items and
full separation on site was not considered feasible. The waste ‘producer’, and
therefore owner of the waste, was also unclear under ‘peace-time’ legislation
(Art. 183, Decree Law 152/2006). As a result emergency legislation was
passed on 28 April 2009, which stated that all earthquake related waste could
be classified as one code (20 03 99)1 and that the municipality was legally
recognised as the producer of the waste (and therefore was responsible for and
authorised to manage it). It also meant that the waste could be transported
mixed for sorting at a temporary staging area (where it could be recoded as
necessary) (Di.Coma.C, accessed 2010). The waste, however, must also be
managed within the region of origin until separated and reclassified. The
need for this regulation change was identified by a combination of national
government and local emergency and environmental authorities (Bonanni and
1

Note that all waste classifications with the prefix 20 are classified as urban wastes. The suffix 99
reflects a waste type that does not fit into any sub-classification within that main category.
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Stagnini, accessed 2010). During the emergency phase when rubble removal
was necessary for search and rescue and welfare provision waste codes were
not assigned. Waste was generally just moved small distances to facilitate
access.
The volume of waste that needed to be managed meant additional waste
processing and disposal sites had to be identified. Legislation authorising the
expedition of this process was made on 13 May 2009 (OPCM 3767). The
emergency order did not give specific procedures – only allowance for
expedited procedures. On 30 June 2009 the Deputy Commissioner was given
authority to intervene in the identification of waste management facilities if
necessary (OPCM 3797) (again with no specific procedures). On 10 March
2010 explicit procedures regarding the expedited process to follow for
identification and construction of these facilities (including public
notification, final approval authority etc) were established (OPCM 3857).
Environmental managers (see Section 5.2.2) are not generally authorised to
transport EWC municipal classified waste either. Thus an emergency
regulation was made (OPCM 3857, March 10, 2010) to allow national
environmental managers to transport the mixed earthquake waste.
The fire brigade and army are also not authorised to transport waste unless
there is a direct threat to human safety. Under OPCM 3797, on July 30 2009,
these organisations were officially authorised to transport the waste. It is
understood that they had been transporting waste prior to this ruling.
Municipalities are not ordinarily allowed to remove debris from private
properties. However, as the municipality was responsible for the demolition
works (see Section 5.2.2), an emergency ruling was necessary to authorise
them to work on private properties (DL 39, 28 April 2009).
In Italy, the National Police have the authority to prosecute when legislation,
such as that discussed here, is not followed. It is unknown whether or not
they would have prosecuted in these circumstances.
5.4 Funding
As discussed in Section 4.1, natural disaster recovery costs are covered by the
National Government / DPC, in line with certain prescribed criteria.
For L’Aquila earthquake the State reimbursed for repair and seismic
upgrading for first homes only. Reimbursement was calculated as follows:
1. Repair a maximum of 10,000€/apartment plus 2,500€/apartment for
shared parts for all “A” rated buildings.
2. Full reimbursement for repair works plus 150-250€/m² for local
strengthening for “B” and “C” buildings and for “E” buildings with little
or no structural damage.
3. Full reimbursement of repair works plus 400-600€/m² for seismic
retrofit of “E” buildings.
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For collapsed buildings, reconstruction cost reimbursement for an equivalent
value of the old building was provided (Dolce, 2010). Home owners could
choose to either receive money for the repair or to receive practical assistance
from the state.
All demolition and debris removal costs (less any material recovery revenue)
carried out by the National Fire Corps and later on behalf of the municipality
are claimed directly to DPC (Di.Coma.C, accessed 2010). These costs appear
to be additional to the DPC grant for reconstruction.
Payment for debris management activities relating to major repairs have to be
paid for out of the grants provided as described above. All costs incurred have
to be reported back to DPC for reimbursement using a set of approved forms,
EWC codes and verified by a licensed professional (Di.Coma.C, accessed
2010).
The Reconstruction Commissioner (in this case the President of the Region)
certifies and administers payment for all debris operations. In terms of waste
management this essentially entails the direct payment or reimbursement of
contractors involved in the demolition, transportation, temporary staging sites
and central collection centres. The budget for the debris works was allocated
in the emergency decree law DL39/2009. Following the first budget there
were several documents published after this law which included allowances
for various aspects of the waste management process. The Commissioner for
Reconstruction issued a directive (Dott. Gianni Chiodi, 2010) in mid-2010 to
cover budgets for: fire department truck purchase; ASM vehicle purchase;
renewal of truck hire contracts; hiring of additional staff members for ASM
and ARTA; and purchase of necessary monitoring equipment by the control
institutions for cultural, architectural, artistic and historical items as
previously requested on April 9,2010.
To avoid price gouging the government set acceptable unit prices for recovery
work activities. A cap on profit mark up on these prices was also set. It was
reported by one respondent that the prices are below market value (justified
by the volume of work to be done) but this was not confirmed. The exact
prices have not been seen by the authors. The authors do not know how these
caps were enforced but it is assumed that they were a condition of receiving
reimbursement for repair and reconstruction works.
There were some cash flow problems reported, as contractors often required
money before works could commence and were not prepared to wait for the
reimbursement through DPC. The Regional Commissioner acknowledged this
problem and made some funds available for contractor payments.
5.5 Demolition and disaster debris management process
The first phase of debris management was to provide safe access to the city
and to carry out search and rescue. The fire brigade and army were largely
responsible for this phase. As mentioned in Section 5.3, the majority of the
debris was just quickly moved aside to facilitate access. Debris movement was
prioritised firstly to enable search and rescue, secondly for public safety (e.g.
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from falling hazards) and thirdly for reconstruction. There was no plan
involved with this phase.
As well as search and rescue activities, building safety was firstly assessed by
the fire brigade. Any structures posing an immediate risk were secured or
demolished as necessary.
After the emergency phase all affected buildings had to have a damage
assessment before demolition and debris removal activities could commence.
DPC coordinated local authorities, firemen, and research institutes etc. to rate
damaged buildings - A to E as described in Section 4.3. Building owners
would have the opportunity to engage their own engineer to determine if the
building rating was appropriate. Following building rating, a decision would
have to be made on whether full demolition or repair was the most cost
effective option. From here, demolition and debris removal could be carried
out.
There were no existing plans for management of demolition and debris
removal activities. In May 2009 a plan was jointly prepared by the
environmental department of DPC (under Di.Coma.C) and Provincia
dell’Aquila to establish the procedures for the demolition and debris
management operations. Necessary legislative changes as discussed in
Section 5.3 were also made at this time. The plan has been adapted by the
authors into a flow diagram shown in
Figure 5.2.
The DPC plan was in place until waste management works were handed to the
Comune di l’Aquila, who, in March 2010, elected to modify the plan. The
modified system is shown (by the authors) in
Figure 5.3.
The major change was the function of the temporary staging areas. In the
DPC plan these sites were used as mixed debris sorting facilities. In the
municipality’s plan source separation was carried out and the temporary
staging areas were used as temporary storage facilities. In mid-2010 these
changes were reflected in a directive issued by the Commissioner for
reconstruction (Dott. Gianni Chiodi, 2010).
In addition, the intended personnel change for demolition works from the
National Fire Corps to the municipality, suggested by DPC, did not appear to
happen. The fire brigade continued to carry out the majority of demolitions.
It is unclear why the army and fire brigade were used for demolition works.
Some suggest that it was because they were cheaper and other suggest it was
because authorities could bypass laws and regulations governing the hiring of
private contractors (see Section 6.3.1).
Before March 2010, 500-600 tonnes / day were being collected and
transported from demolition sites to the temporary staging areas for
separation. After March the waste removal waste was reduced to 100-200
tonnes/day (Bonanni and Stagnini, accessed 2010).
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The following sections in the report describe the different aspects of the
demolition and waste management system.

Figure 5.2
2009 L’Aquila earthquake demolition and waste management flow
diagram: as managed by Dipartimento della Protezione Civile (Civil Protection
Department)

Figure 5.3
2009 L’Aquila earthquake demolition and waste management flow
diagram: as managed by the municipality

5.5.1 Demolition Works
As discussed in Section 5.2.2 full demolition works were carried out by the
National Fire Corps or approved Environmental Manager Contractors.
During the initial months when the DPC plan was followed, demolition wastes
were transported mixed to the temporary staging areas for sorting (see Section
5.5.7). Only large items and personal effects were separated from the waste
matrix.
After the municipality took over responsibility for demolition and debris
management, site separation of wastes was mandated. According to the
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municipality’s guidance (Dott. Gianni Chiodi, 2010) on waste management it
was the contractor’s responsibility to separate the waste. ASM was
responsible for controlling the appropriate separation. The following types of
waste had to be separated:
 Debris with historic significance
 Personal effects
 Bulky items
 Electrical goods
Some firemen carrying out demolition works at the time of the reconnaissance
advised that they separated the wastes twice on site before it was taken to the
temporary storage facility – where they understood it was checked and split
again. Provincia dell’Aquila and ARTA issued advice that building
information should be gathered before handling any wastes (Stagnini et al.,
accessed 2010b) to minimise contact with potentially hazardous substances.
Due to the compact nature of the buildings in L’Aquila, generally several
buildings were demolished together and an area near the demolition site was
cordoned off to separate and store the waste until they were able to be
transported away. In some areas waste containers were established for
contractors to put separated material into. This was used particularly in areas
with difficult access such as the red zone. Authorisation was given for use of
containers and transportation of these containers by fire brigade and army
(Dott. Gianni Chiodi, 2010).
The National police were present at demolition sites to ensure the collection
and appropriate return of valuable personal items to building owners. Some
building owners chose to be present during demolition works and were able to
scavenge through the rubble during any stoppages in the demolitions works.
It was noted there was no formal process established to assist building owners
to recover goods. Some respondents advised that where possible building
occupants had returned to the buildings to recover belongings prior to
demolition.
The Comune di l’Aquila, was responsible for prioritising house demolition
works. It is unknown how a priority order was arrived at.
5.5.2 Repair works
A discussed in Section 5.2.2 repairs (and resulting waste management) were
carried out by private contractors. The contractors needed to separate on site
as per CER17 (EU waste codes for construction and demolition wastes) and
had to be approved environmental managers.
5.5.3 Health and safety
Standard health and safety equipment was used by contractors. Azienda
Sanitaria Locale (ASL - local health agency) carried out site visits to
demolition and repair sites to monitor worker safety. It was noted that during
the lead author’s reconnaissance in September 2010, the fire fighters observed
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carrying out demolition works wore fire fighter uniforms with neither masks
nor helmets. ASL workers were also present at the site.
5.5.4 Environmental monitoring
Environmental site monitoring was carried out by ARTA. Checks at the site
were made by ARTA for hazardous substances such as asbestos. If asbestos
was found it was stored in a special container for specialist disposal (see
Section 5.5.10).
5.5.5 Historic properties
All debris of historical significance had to be handled in accordance with
regional and national regulations. EU waste laws and classifications require
all historically and monumentally significant parts of the debris to be reused
(i.e. that these building parts are not waste at all) (Dolce, 2010). All historic
stones were collected and stored separately with documentation referencing
the exact source of the stones (building and location within the building).
Some sites were sorted by hand – others were sorted mechanically but
overseen by an art historian, an archaeologist and an architect. It took 4
months to manage the debris from Basilica Collemaggio by hand (MiBAC,
accessed 2010). In Italy historic buildings are monitored by the Cultural
Heritage Ministry (MiBAC) (Dott. Gianni Chiodi, 2010; Modena et al., 2010;
Stagnini et al., accessed 2010b).
It is interesting to note that no historical buildings (pre 1879) were permitted
to be demolished.
5.5.6 Minor Repairs
Properties with damage category A only required minor repairs. Private
property owners were given responsibility for facilitating these repairs and
disposing of the waste. Private property owners were allowed to deposit a
maximum of 30kg at central collection centres managed by ASM. This limit
was increased to 1,oookg as 30kg was soon found to be too little.
Residents would be given a receipt for the disposal of the material and this
was used during the claim process for reimbursement by DPC
5.5.7 Transportation
According to Italian law (Legislative Decree 152/2006), organisations have to
be authorised to transport waste (Stagnini et al., accessed 2010a) and must
meet certain regulations, including:
 Identifying all vehicles as public waste management service vehicles
 Weighing all loads
 Ensuring all transporters are certified as National Environmental
Managers
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If waste is classified as urban waste (EWC code prefix 20) then the
municipality is authorised to transport it (as discussed in Section 5.3). In
addition the OPCM of July 30 authorised both army and fire brigade to
transport waste. Fire and army vehicles were the primary waste transporters.
Provincia di l’Aquila and ARTA provided guidance on appropriate storage and
transportation of the earthquake waste (Stagnini et al., accessed 2010a). The
guidelines included the identification of transportation vehicles, terms of
service and weighing procedures. The report recommended that the
municipality should consider the following when choosing the mode of waste
collection:
 Transporters must be in the National Environmental Management list
and must use appropriate procedures in line with EWC 20 03 99
 Full examination and documentation of waste must be carried out
(especially identification of asbestos, handling of cultural heritage
items and hazardous materials – appropriate specialists must be
engaged)
 Timing, frequency and capacity of collection systems
 Emissions and leakage from vehicles
 Truck cleaning
 Regular weighing of waste
 Penalties for non-compliance
 Tracking of waste through appropriate documentation (could use FIR –
form of identification for waste) (note this is not necessary for
demolitions by fire brigade or military, instead a receipt of acceptance
is needed)
 GTS (Gruppo Tecnico di Supporto)(technical support group)
description of building damage
 Record of loading and unloading
Insufficient data was gathered on transportation of waste to assess whether or
not these recommendations were implemented.
In late 2010 a report was prepared by DPC and the Regional transport
authority to look at options for transportation of the earthquake debris.
Traffic congestion and damage to streets were two factors leading to this
study. In the report it was estimated that the remaining wastes would require
10,000 truck movements. Alternative transportation systems such as
cableway and railway were considered but not deemed viable for the spatially
dispersed volumes of waste. The report presented transport route options for
different areas of L’Aquila. Two routes for each area were considered and
included for slope problems, snow, ice, traffic, street width etc. Estimated
travel times for each route were calculated. As above, it is unknown whether
recommendations in this report have been or will be put into action.
5.5.8 Temporary staging areas
The aim of the temporary sites was firstly (under the DPC plan) to sort mixed
waste and temporarily store the material until recycling facilities were
established and/or end-uses were identified. However, under the
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municipality’s revised plan the sites merely served as temporary storage and
the majority of sorting was carried out at the demolition site.
The emergency Decree Law n.39 gave municipalities the responsibility of
locating temporary storage sites. In late April 2009 ARTA Abruzzo and the
Municipality of L'Aquila, agreed on the process of identifying sites and
operating procedures for temporary facilities. The first temporary storage site
was identified on 29 April 2009 at Pontignon Teges. A contract was drawn up
between the municipality and the contractor ASM and the site was opened in
August 2009 (Bonanni and Stagnini, accessed 2010).
The ASM managed Teges site is at an old quarry with a staging area of 10,000
m². The site was selected because it was empty, private and not too far from
the affected areas. Trucks are weighed as they enter and leave the site and
records of debris source, nature and type are kept. The majority of the debris
is aggregate materials and the waste is manually sorted. Teges was at capacity
at the time of the reconnaissance.
Despite the relatively fast process for identifying the first temporary storage
site, the capacity was inadequate and several additional sites were required
but were not so easily identified. The emergency Decree Laws set about
establishing more expeditious processes for identification and construction of
these facilities (see Section 5.3). At the time of the reconnaissance there were
five temporary storage sites.
Guidelines on technical and operational management aspects of temporary
storage areas were prepared by ARTA and Provincia dell’Aquila (Stagnini et
al., accessed 2010b). The guidelines included the following requirements for
siting and operation of the facilities:
 Inspect waste before handling (and sign verification forms).
 Temporary storage sites must comply with community legislation
(public and environmental health protection including noise, dust, air
or water pollution) and must have adequate road networks for heavy
vehicles.
 Sites must have parking, internal roads, weigh bridge, security
surveillance, radioactivity detection equipment, waterproof base (in
storage, handling and transfer areas), stormwater management, fence,
sprinkler system, water supply system, and external barrier for visual
impact (eg trees). Lighting and signage must be provided outside the
site.
 Sites must also have plans drawn up for future restoration and site use.
 Sites should be divided into the following areas: transfer, storage and
sorting of incoming wastes; areas for storage under EWC codes, areas
for potentially hazardous materials. Appropriate signage showing rules
for waste handling and potential health and environmental risks are
required.
 All waste must be verified prior to acceptance including: waste source
(earthquake related demolition only) documentation; radioactivity
check; visual inspection; weighing; signing of a waste acceptance form;
and tracking against property.
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Sites must be managed by qualified personnel and be under constant
surveillance.
Waste must be handled to maximise resource recovery and minimise
potential threats to public and environmental health.
Bulky waste and electrical equipment cannot be disassembled at the
temporary sites and must be carefully handled to ensure minimum
damage to hazardous items.
Accounting procedures must be in place to ensure mass balance of
wastes.
Waste should not stay longer than 3 months in the facility

As for the guidance on transportation insufficient details were gained on the
temporary staging facilities to assess how well these guidelines were followed.
Temporary storage sites were prepared in accordance with common EU
technical rules (from top down):
 Sand
 Gravel (medium coarse)
 Geotextile
 HDPE
 Gravel (fine)
5.5.9 Recycling and reuse
Recycling in L’Aquila was a relatively new industry at the time of the
earthquake – recycling of municipal waste had only started three months
before the earthquake. There were only four or five recycling plants in the
entire Abruzzo region.
As discussed in Section 5.1 the main component of the earthquake waste was
aggregate. Other recyclable components include plastics and metals.
In the DPC report in late 2009 (Di.Coma.C, accessed 2010) three potential
uses for recycled aggregate were suggested:
 Rebuilding
 Environmental restoration e.g. quarries
 Embankment, road, rail construction
At the time of the reconnaissance, little recycling had been carried out. There
were several reasons for this:
 Strict environmental laws around establishment of processing facilities
(similar to temporary staging sites).
 Limited existing standards on the use of recycled aggregates in
construction (Ministerial Decree 11.4.2007 and Circolare 5205/2005).
 Strict rules around consents to carry out environmental remediation
and the required grading of the aggregate materials (0.063mm –
63mm) to be used as a fill.
 Raw quarried material available at a lower cost than recycled aggregate.
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According to interviewees, the most favourable option for recycling aggregate
is environmental remediation. There are a number of quarry sites around the
Abruzzo region which have completed operations and are ready for
environmental remediation. According to regional environmental regulations
the recycled aggregates need to be proven to be physically, chemically and
ecologically compatible with the site. The assessment and approval process
around this is allegedly very cumbersome.
The university is also looking into possible used for the debris.
5.5.10
Hazardous waste
The major hazardous component identified in the waste was asbestos. Exact
figures on asbestos were not available, however, some estimated it to be in the
order of 40-50% of the buildings in the old city. Asbestos was banned in Italy
in 1994 (ARTA Abruzzo, accessed 2010).
There were varying opinions on whether asbestos was a problem for the
overall waste management process. Some said that it was not a problem as
once it was identified the city, ASL and specialist contractors were notified as
required by law (Stagnini et al., accessed 2010b) and engaged to remove the
contaminated waste. Others, however, advised that it slowed down the
demolition process: one estimated that a two-storey 150 m² house would take
two days to demolish without asbestos but 2 weeks if asbestos was found.
Asbestos was identified visually only – there appeared to be no onsite air
monitoring.
Annex I of the waste handling guidelines prepared by ARTA and Provincia
dell’Aquila (Stagnini et al., accessed 2010b) outlines asbestos handling
guidelines. The guidelines include: personal protection equipment (personal
protective equipment: tyvek coveralls, disposable gloves, masks, respiratory
protection type FFP3); worker hygiene standards (no eating, drinking,
smoking, post-work showering); protection of works; training requirements;
water spraying; plastic wrapping of waste with double seal; and disposal as per
normal procedures at approved facilities. The guidelines note that even
though it is an emergency these procedures must be followed.
Disposal of rotten foods from shops, restaurants, houses etc was identified as
a minor problem. These works were handled by specialised contractors.
5.5.11 Disposal
Disposal sites were necessary for non-recyclable or residual wastes (estimated
at 6-10% of the wastes). This percentage could increase if you include
recyclable material that is unfeasible to recycle.
In Italy there are three landfill classifications – inert, special waste (not
dangerous), and dangerous wastes. The region has a number of landfills
which serve the 108 Comunes. Urban waste is biologically stabilised by
separating and treating the organic waste fraction before landfilling.
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Authorities believed that existing landfills should not be used for large
amounts of earthquake debris. At the time of writing a dedicated landfill for
residual wastes was being sought under the directive from the Commissioner
for Reconstruction (Dott. Gianni Chiodi, 2010). An integrated site at
Barisciano has been proposed which will allow for temporary storage,
recyclable waste processing and residual waste disposal.
5.5.12Communication
Provincia dell’Aquila made concerted efforts to communicate waste
management issues and procedures (Bonanni and Stagnini, accessed 2010).
They held press conferences and meetings with citizens’ committees and all
municipalities to outline waste management practices. They also posted
information on their website regarding:
 Waste management procedures for waste of different origins (ie
demolition vs major repair).
 Information for municipalities on: collection and transportation of
waste, and preparation and management of temporary storage sites.
 Existing waste management guidelines (e.g. the C&D waste
management guidelines (Stagnini, accessed 2010)).
 List of plant available for inert material recovery.
No information on communication efforts of other authorities was obtained.
5.5.13Protests
On 28 February 2010, almost 11 months after the earthquake, thousands of
people, wielding 6000 wheelbarrows (Nardecchia, 2010), staged a
demonstration against the presence of debris in L’Aquila town centre
(Caporale, 2010). It is understood that the debris was a result of contractors
working in the inner city region removing waste from inside the buildings and
placing it on the streets (prior to the provision of containers for waste
deposition). The protest was a call for action – to remove the debris and
continue with the rebuilding.
5.5.14Other waste collection
It is unclear if municipal waste collections continued immediately after the
earthquake. The mandatory evacuation of the city and relocation of many
residents to outside the region meant that ‘normal collection’ would not have
been possible for roughly three months. Solid waste collection services would
have been necessary at the welfare camps.
5.5.15 Possible improvements
At the time of the reconnaissance (September 2010) L’Aquila still had a long
way to go to complete demolition works and repairs. At the current rate
debris removal works alone would take 20 years. There has been an
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agreement established with the Ministry of the Environment that all the waste
will be removed within two years.
Consequently it was recognised by all the professionals interviewed that more
needs to be done to manage the waste. Some favoured increased physical
resources, while others thought the processes and management systems
needed improving. Below is a list of some of the suggested improvements:
 Buying more trucks
 Providing more personnel for ASM to assist in debris separation
 Greater organisational courage in decision-making (particularly in
reference to identification of temporary storage areas)
 Expediting current procedures for: the demolition of buildings,
collection and transportation of waste, recycling and disposal (Bonanni
and Stagnini, accessed 2010).
 Identifying uses, incentives and processes for recycling aggregates,
including (Bonanni and Stagnini, accessed 2010):
o reconstruction uses
o environmental remediation uses (including site identification
and approval procedures)
o establishment of recovery facilities
o identification and construction of a dedicated landfill
o upgrading existing plant for recycling
o providing tax incentives
o including recycled aggregate in the regional price list for
reconstruction
 Improving collaboration between stakeholders
It is interesting to note that many of these recommendations had been made
in the 2009 report from DPC (Di.Coma.C, accessed 2010), which included:
 Optimizing storage sites
 Simplification of contracting requirements for removal and
transportation
 Identifying new sites for temporary storage
 Enhancing material recovery
 Providing tax relief to ensure reuse of recovered materials
 Ensuring proper recovery where there is no eligibility for
reimbursement
 Investigating options for environmental restoration in quarries
 Realisation of new landfills
It was noted that only one interview respondent suggested that legislation or
environmental standards, rather than processes, should be changed to
facilitate a faster recovery.
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6 Analysis
The authors’ research into disaster waste management has identified a
number of key factors that influence the success of a disaster waste
management system. These factors are:
 The overall coordination of disaster waste management activities.
 The funding mechanism for demolition and waste management.
 The organisation and execution of the physical works.
 The environmental standards used.
 The public health and safety standards used.
In order for lessons to be learnt that can help position communities to
respond better in the future, it is important to understand these factors and
anticipate how they may influence the success of a waste management
programme. Note that here only the first four features will be discussed as
insufficient data was gathered on public health and safety aspects of the waste
management system. However, public health and safety is considered as a
social effect under the other four factors.
To assess the impact of each of the above factors in the L’Aquila case the
analysis focuses on: the related decision-making; the associated delays; the
organisational aspects; the legal constraints; and the environmental, economic
and social effects (both positive and negative). With limited data available
from the waste management process (for example, data from the waste
matrix, costs and social assessments), it is difficult to quantitatively assess the
environmental, economic and social impact of the waste management
processes. However qualitative assessments of the strengths and weaknesses
within each key factor have been made.
For the purposes of this report and in line with New Zealand Ministry of Civil
Defence and Emergency Recovery guidelines (MCDEM, 2005) environmental
effects include direct effects on the natural environment including: natural
resource degradation and/or depletion; waste pollution; amenity values;
biodiversity and ecosystems. The environmental effects may have secondary
effects on human health through contamination of waterways, soil etc.
Economic effects include both direct and indirect costs. Social effects look at
direct effects on human safety and wellbeing, health and welfare. In terms of
waste this will largely include direct disease or health threat from the waste
and health and safety issues related to handling of the waste.

6.1 Factor 1: Overall coordination of demolition and waste
management works
6.1.1 Decision making process
National emergency management in Italy is the responsibility of DPC.
Although DPC was not specifically prepared for management of disaster
waste, DPC assumed control of establishing and operating the waste
management system for the first 6 months. Prior to this earthquake, no
natural disaster had generated this amount of debris. In 2008, however, DPC
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was responsible for the waste crisis in Campania. The crisis involved the
management of hundreds of thousands of tonnes of municipal waste which
had accumulated in the streets of Naples due to a shortage in landfill sites and
resultant strikes by waste contractors) (Vinci, 2008). As a result of these
events an environmental unit has been permanently established within DPC.
The handover of responsibility from DPC to local authorities was a natural
progression. DPC is concerned primarily with emergency response while
recovery activities appear to be managed by the local authorities. Thus a
handover was inevitable as DPC pulled out of the response / recovery efforts.
6.1.2 Delays
There were undoubtedly time delays associated with the overall coordination
of the waste management process. During the first 6 months while the DPC
was managing the debris removal rates of up to 600 tonnes/ day were being
achieved. After handover to the municipality this figure dropped to 100-200
tonnes/day. A number of factors could have affected this including: the
decision to sort on site; disposal and recycling facility availability; and
resource shortages. However, regardless of the aspect of the system that was
causing the delay the coordinators should be identifying the bottlenecks and
maintain or improve the waste clearance rates. In this case the coordination
was clearly ineffective.
The handover of the waste management coordination from DPC to the
municipality itself appeared to be a gradual process and for the most part the
implementation processes were not changed during this handover. It was not
until the municipality was solely in charge that a change in processes was
instigated which resulted in a slowing of the clean-up process.
6.1.3 Organisational aspects
Under DPC guidance, the waste management system appeared to be
established within a reasonable timeframe. DPC made concerted efforts to
facilitate round table discussion with all key players to establish disaster waste
management protocols as early as April 17, 2009. There appeared to be good
relationships in particular between Provincia dell’Aquila and the DPC
environmental unit during the establishment of the DPC waste management
plan.
Following handover of the coordination from DPC, local and regional
authorities appeared to assume their normal roles with respect to waste
management. The Provincia was concerned about environmental outcome
and the Comune was focused on the operations. These roles do not necessarily
work in extraordinary circumstances such as these where there are many and
conflicting goals and objectives. For example, while it was the Provincia’s role
to advocate for recycling processing sites and to minimise landfilling they had
no mandate to establish sites to facilitate this –this had to be done by the
Comune. However, it was not necessarily in the Comune’s interest or their
priority to establish these sites, as their primary aim was to remove the debris
from the streets to facilitate recovery of the city. Thus the common goal of
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regional recovery (both social and environmental) was lost as no one
organisation was driving the waste management process.
In addition to this the need to find additional waste management facilities was
a regional problem. It was not feasible for each municipality to identify and
construct additional facilities. When DPC was coordinating, the region was
considered as a whole. After handover, each municipality was effectively
operating in isolation. To a certain degree the round table forum, established
on handover from DPC, should have mitigated this problem and aided
regional coordination. In addition the Regional Commissioner should have
(and did through issuing of various Directives to expedite waste management)
helped to steer the waste management activities to a common goal. For
reasons beyond the current understanding of the authors, however, both the
forum and the Regional Commissioner were ineffective. Bonanni and Stagnini
(accessed 2010) observed that only a unified approach to the entire demolition
and waste management cycle would ensure the expedient removal of wastes.
The Comune, in general, appeared to have insufficient capacity to manage the
disaster waste. As identified in the previous section, once the responsibility of
the waste was handed to the Comune, the waste collection rate slowed down
considerably.
The Commissioner was appointed by the President and the role was
established shortly after the earthquake. They have the power to direct
operational procedures for recovery activities including waste management.
While they have legislative powers to act, they were very slow to exercise their
powers in this case. For example it took 10 months between identifying that
expedited processes for temporary staging and recycling facilities needed to be
implemented, and responding to the inactiveness of the Comune by
stipulating specific measures for this.
Relationships between individual organisations were varied. The relationship
between DPC and the Comune di l’Aquila did not appear to be as successful as
that between DPC and Provincia dell’Aquila – as evidenced by the change in
approach to disaster waste management. If effective collaboration was in
place throughout – the approaches would more likely have been inline. It is
interesting to note that post-handover to the Comune, DPC has not been
involved in the L’Aquila waste management at all.

6.1.4 Legal implications
Legal responsibility for disaster waste in Italy is unclear.
Under EWC system each type of waste has a waste ‘producer’ attached to it
which essentially governs who has responsibility for treating and disposing of
the waste. As discussed in Section 5.3, the EWC system does not include
allowance for management of disaster waste. Consequently, under the waste
laws in Italy no one is legally responsible for the waste.
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In addition, it is unclear under the civil protection act in Italy, to what extent
DPC is responsible for management of the disaster waste. Primarily their role
is emergency response. However, given the role of DPC / the government in
funding of disaster recovery, there is an element of ‘ownership’ of the waste
implied.
The assignment of the municipal waste code, 20 03 99, to the waste effectively
gave legal responsibility (and in turn accountability) to the Comune.
6.1.5 Environmental
The overall coordination did not appear to affect the environmental outcome
following the L’Aquila earthquake. Provincia dell’Aquila set environmental
guidelines and all activities by DPC and Comunes were designed to fit within
those guidelines. During the first stage, where DPC was coordinating the
effort, there was an opportunity for Provincia dell’Aquila to work with DPC in
a collaborative way to establish environmental guidelines that would both
protect the environment and not slow the clean-up process too severely.
However, when ‘peace-time’ roles were effectively assumed, the opportunity to
balance these objectives was lost. The environmental outcomes, however,
were not compromised due to this.
The delays caused by the Comune’s ineffective coordination efforts meant that
waste was lying on the streets for longer than necessary. This has potential
environmental impacts if there are contaminants or hazardous substances in
the waste which could be mobilised in a rain or wind event. However, given
the nature of the debris with 70-80% aggregate and many structures partially
not fully collapsed, the risk of environmental contamination from unmanaged
waste was low.
The EWC coding and subsequent designation of waste ’ownership’ to the
municipality also gave environmental responsibility to the municipality
(rather than independent contractors, which would have had a prefix of 17 for
example). More monitoring of independent contractors would have been
required to ensure satisfactory environmental outcomes if other EWC prefixes
had been used.
It is understood that environmental issues are heavily policed in Italy and
there a culture of conservatism around environmental issues. Thus, the
potential for mismanagement of wastes by individual contractors is
considered unlikely.
6.1.6 Economic
In terms of direct costs, it is unclear whether the coordination efforts affected
the debris management costs. The effect of slowing of the waste management
process may have increased the cost of the programme. Costs for physical
works are generally associated with volumes of waste moved rather than time.
Running costs, however, continue during periods of reduced activity and
therefore a slower waste management process will have increased costs.
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The delays discussed above, however, clearly have indirect economic
consequences. The longer that debris and damaged structures remain, the
slower the business and community recovery will be. Economic stimulus from
rebuilding activities will also be slower arriving in the region.
The prioritisation of building demolition / repair will also affect the speed of
the economic recovery. The role of prioritisation here was primarily the
municipality’s role. Undoubtedly prioritisation would be carried out in line
with the overall city recovery goals which are likely to include economic
recovery. The authors do not have information on the prioritisation process.
Given the importance of historic buildings to the L’Aquila tourism industry,
the prudent management of the debris to allow reconstruction was considered
to be very positive for the long term economic impact of the earthquake.
6.1.7 Social
As demonstrated by the protests in February 2010, there was general
dissatisfaction amongst residents over the slowness of the waste management
process. The coordination efforts clearly had failed in first communicating the
process and progress to the community, and second in establishing a waste
management system which was satisfactory to the affected population.
Isolated organisations made efforts to communicate with the public, however,
there did not appear to be a united ‘waste management’ group to front public
queries and complaints.
The slowing of the waste collection had an impact on public health and safety.
With 40-50% of the buildings in the old centre of L’Aquila suspected to have
asbestos, delays in managing the waste would increase exposure time to
potential asbestos. Given the large number of displaced people the actual risk
of exposure would be relatively low. However, to the authors’ knowledge no
monitoring or mitigation efforts were made with regard to this hazard. In
addition to asbestos other hazards were potentially in the collapsed structures
including rotting food (potentially harbouring vectors) and toxic substances
which may be mobilised in rain events. Again, it is unclear whether or not the
Comune was aware of the wider impacts of the slowing of the debris removal
process.
More integration with the public health authority ARL would have helped to
establish processes to minimise public health risk to the general public and to
workers. For example it is unclear whether ARL were consulted regarding the
change from off-site separation (under DPC plan) to on-site separation which
changes health risk to workers and the community. Based on observed level of
PPE and other safety precautions on site in L’Aquila during the September
reconnaissance, it is suspected that the perception of risk was low with
contractors, army and fire personnel.
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Much like protection of environmental health, protection of public health and
community well-being is much simpler to manage and monitor if there is a
centralised coordination system.
6.1.8 Summary
Overall, the coordination of the waste management process was
unsatisfactory. The initial coordination by DPC was effective in that it
provided an umbrella for coordination of all stakeholders and the joint
establishment of waste management procedures. The body also allowed for
linkages to other recovery activities. However, once DPC withdrew and
individual Comune assumed responsibility for waste management within their
locality, the regional approach appeared to be lost. A round table forum
established to encourage a regional approach to waste management appeared
ineffective as identification of regional waste management facilities was
largely unsuccessful.
The uncoordinated approach led to delays in waste management which
increased public health and environmental risks (due to the presence of the
unmanaged waste). It also led to community dissatisfaction and impacted the
economic recovery of the area.
Table 6-1 summarises the strengths and weaknesses of the overall
coordination process on post-event demolition and waste management.

Organisational

Table 6-1
Overall coordination of demolition and waste management works
assessment summary

Strengths
 Good relationships between
some agencies.
 Attempt to coordinate
activities at a regional level
with round table forum.

Weaknesses
 Two different systems of
coordination of the demolition
and waste management process
– DPC-led and Comune-led.
 No strategic management of
demolition and waste
management after DPC handed
responsibility to Comune –
within each municipality and
across the region.
 Round table forum and Regional
Commissioner for regional
coordination was ineffective
(both for waste management
activities and with other recovery
activities).
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 Classification of the
earthquake waste as a
‘municipal’ waste gave
responsibility and
accountability for the waste
to the Comune.
 Provincia dell’Aquila
established and
communicated acceptable
environmental standards.
 Coordination efforts or lack of
coordination did not affect
the environmental outcome.
 Prioritisation of demolition
and debris management
works by municipality may
have linked to economic
recovery goals.
 Prudent management of
historic debris was positive
for long-term economic
impact of recovery.
 Some efforts to communicate
waste management issues by
isolated organisations.

 No organisation is currently
legally responsible for waste
management of disaster waste
under either European / Italy
waste laws or Civil Protection
Act.
 Delay in removing waste from
streets could lead to
environmental contamination
(low risk).

 Increased direct costs due to
longer waste management
period.
 Reduced indirect economic
benefits to the region from an
expedited recovery period.

 General dissatisfaction with the
speed of the waste management.
 No united body to communicate
waste management issues or for
community members to
approach regarding waste
issues.
 Delays equated to longer
exposure to hazards in
unmanaged waste (such as
asbestos).
 Limited involvement with public
health authorities in
coordination and waste
programme design.

6.2 Factor 2: Funding mechanism
The purpose of this section is not to look at how disaster funds are
accumulated and managed nor how much funding should be allocated, but
rather to look at how the funding mechanism used here (full government
funding allocated through grants and through reimbursement) impacts the
quality of the demolition and debris management process.
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6.2.1 Decision making process
As discussed in Section 4.1, the government established different payment
mechanisms depending on the damage level. This is a well established
process in Italy. Repairs were reimbursed up to a maximum value based on
property size. Debris disposal for repairs (minor or major) was included in
this maximum value. For properties requiring full demolition, the cost of
demolition and debris disposal was fully reimbursed in addition to the
reconstruction entitlement.
6.2.2 Delays
Because waste management came from a central government pool it was
generally felt by waste mangers interviewed that money was not a limiting
factor in the waste management process. However, no national level financial
information was gathered to be able to verify this belief.
The provision and understanding that all works will be paid for, in general,
eliminated the delays caused in other disasters waiting for funding decisions
to be made. For example delays due to insurance assessments and loss
adjustments seen in Hurricane Katrina (The World Bank and The United
Nations, 2010), or the ‘funding gap’ so often observed in developing countries
while funds are sourced from outside (Pelling et al., 2002).
The major delays associated with the government funding programme were
those resulting from the assigning of building damage classifications. The
process was not investigated by the authors and is not analysed here.
6.2.3 Organisational aspects
The government funding model, as opposed to a privatised insurance model
or reliance on external aid, gave recovery managers the opportunity to plan
and prioritise works and limited resources more effectively. Recovery
managers knew who was going to pay and how much they would pay from the
beginning, which facilitated this planning process. If a private insurance
approach was used property owners or insurance companies would have
arranged works themselves depending on timing of insurance payout and the
constraints mentioned above. Recovery managers in this case would have
little control over prioritisation of works or resource allocation.
For example, in L’Aquila, the Comune decided upon what order various
recovery works were actioned. The Comune elected to priorise smaller repair
works in a bid to return the maximum number of people to their homes in the
shortest time.
6.2.4 Legal implications
In the authors’ understanding there were no legal implications associated with
government funding of the demolition and debris management works.

38

Disaster waste management
2009 L’Aquila earthquake

6.2.5 Environmental
Overall, the provision of full reimbursement for all debris and demolition
activities provides ample opportunity to protect the environment. In theory
all affected property owners will have access to sufficient funds to manage
their debris in an environmentally appropriately way. Thus a community wide
clean-up can be achieved. For those properties where full reimbursement of
clean-up activities was provided (damage category E), that was certainly the
case. However, given that property owners (and contractors) dealing with
repairs only had a limited sum of money to cover both debris removal and
repair, it is possible that owners or contractors might try and reduce costs for
debris removal if possible. Actions such as illegal dumping, or disposing at
unlicensed facilities might be practiced.
There are two reasons why inappropriate waste management is not a
significant risk in Italy. First there is heavy policing of environmental issues
as discussed in Section 6.1.5. Second are the documentation requirements as
part of the reimbursement processes. All reimbursement requests have to be
accompanied by receipts from approved contractors and facilities. Therefore
any claim for debris disposal reimbursement, for example, must be
accompanied with an appropriate receipt. It is unknown if there were any
other checks to eliminate full illegal dumping – such as refusal of repair claims
that do not include a waste disposal component. The authors’ are not aware of
any incidences of illegal dumping.
6.2.6 Economic
The funding for full demolition works was essentially uncapped and all works
required were reimbursed in full. The funding for repair works (which
includes removal and disposal of debris as well as repair), however, were
capped. The second mechanism leaves the property owner more vulnerable to
post-disaster fluctuations, the first mechanism ensures costs are fully covered.
The author is unaware of any data on the change of waste management prices
after disasters, however, price gouging (Pelling et al., 2002) and market
fluctuations (Chang et al., 2010) for services and resources is well recognised
in post-disaster situations. This indicates that market fluctuations and service
prices are likely to change in the deconstruction and waste management
sectors as well. Therefore, a single grant valued at the time of the disaster will
have different ‘value’ depending on when the deconstruction and
reconstruction works are carried out during the recovery / reconstruction
period. The Italian government attempted to determine and advertise
appropriate unit prices for recovery activities (labour, plant hire etc), however,
it is unclear how much control they had in a market economy. The use of
waste management facilities owned or operated by the municipality (such as,
the central collection facilities, Teges and the proposed site at Barisciano)
would allow more control over disposal costs. No data has been obtained on
these market fluctuations.
It is worth questioning whether the ‘guaranteed’ (even though it is limited to a
certain extent) funding for waste management was a ‘disincentive’ for the
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Comune to maintain momentum of the waste management works. If the
Comune had been paying for the works out of their own budget there may
have been greater urgency to complete the works. It also may have made it
clearer to analyse the cost-benefit of certain waste management options. For
example, assessing the benefit of using the temporary sites for sorting versus
the economic losses incurred from sorting on site and slowing rebuilding.
Overall the full and timely funding should have had a positive impact on the
recovery programme and therefore in the stimulation of the economy. This,
unfortunately was not the case, as other non-funding factors governed the
speed of the recovery.
6.2.7 Social
The government funding mechanism, again if managed correctly, should be
positive for the affected community. The potential for buildings to remain
damaged / in disrepair due to the absence or inadequacy of insurance or other
funding or inaction of the building owner, should reduce significantly. The
visual and in turn psychosocial impacts of having unmanaged debris
remaining into the recovery period will reduce, as will public health hazards
due to falling debris, building collapse, and waste components such as
asbestos. Unfortunately due to the overall organisations of the works in
L’Aquila, this benefit was lost.
In theory, full and equal access to recovery funding, would be considered fair
by most community members, provided the system was operated fairly and
transparently. Due to the absence of community interviews, in L’Aquila, it is
unclear whether or not the community was satisfied with the value of the
payments and mechanism with which it was granted, either in terms of debris
removal or repair / reconstruction. One respondent commented that while
the government had promised (and delivered) money – there was never any
mention of how long recovery would take – and this was concerning many
people in L’Aquila.
Disaster victims relying on public funding are very vulnerable to the political
dimensions at the time. For example, flood disaster declarations in the US
have been shown to be more frequent in re-election years (The World Bank
and The United Nations, 2010). Thus, certainty in future planning for disaster
response is difficult without having certainty over funding provisions.
The ability to prioritise the works (Section 6.2.3), if managed successfully,
should have had a positive impact on the community. However, as was
demonstrated by the protests in February 2010 (Section 5.5.13), the debris
management was not managed effectively. However, this was not associated
with availability of funding – more the overall management of the works (See
Section 6.1).
There were some problems reported for buildings with multiple owners,
particularly when there were differing levels of damage within the building.
Property owners would have to agree on repair / reconstruction work
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timetables and contractors. A different approach to disaster cover for multiple
owner buildings may need to be considered.
6.2.8 Summary
Overall, the government funding scheme was a good foundation to build the
demolition and debris management plan on. Everyone, in theory got full and
equal access to funds to enable appropriate waste management, and debris
managers could prioritise works as desired. This has a positive community
wide impact as there is no dependence on individuals to action their own
clean-up works. The extent and source of funding was clear from early in the
recovery process.
The capped allowance for debris management resulting from repairs leaves
the community vulnerable to post-disaster market fluctuations. While the
government attempted to regulate this it is unclear how effective they were.
Table 6-2 summarises the strengths and weaknesses of the government
funding mechanism on post-event demolition and waste management.

Economic

Environment
al

Legal

Organi
sationa
l

Table 6-2

Government funding mechanism assessment summary

Strengths
 Allowed prioritisation of
works (limited resources) to
facilitate overall community
recovery.
N/A

Weaknesses

N/A

 Fully inclusive funding
 Maximum grant (as opposed to
reduced potential for
cost reimbursement) for debris
mismanagement of debris.
management and repairs
potentially encourages illegal
 Reimbursement
dumping.
documentation requirements
mitigated potential for illegal
dumping.
 Cover for full demolition and  Capped funding for repairs does
debris removal works was
not account for fluctuations in
comprehensive and straight
post-disaster services and
forward.
markets.
 Full government funding
 ‘Guaranteed’ funding did not
provided the opportunity to
incentivise an expedient waste
reduce indirect costs due to
management process.
delays caused by funding gaps
or insurance claim lags

41

Social

Disaster waste management
2009 L’Aquila earthquake

 Should ensure all properties
are cleared in a timely
manner - contributing to
psychosocial recovery.
 Should reduce public health
hazard from unmanaged
debris on property sites.
 Should enable prioritisation
of works to effectively
contribute to wider
community recovery.

 Disaster affected community
funding accessibility is
vulnerable to political influences
at the time of the disaster.
 Difficulties around buildings
with multiple owners.

6.3 Factor 3: Physical works organisation
6.3.1 Decision making process
As discussed in Section 5.2.2, the physical works were divided into three
categories: full demolition, major repair, and minor repair. The rationale
behind this separation is unknown to the authors.
Within each category of work, the organisations designated to manage waste
were selected based on capacity to do the work and based on regulatory
requirements. For minor repairs, individual property owners were
understandably considered responsible for these small works. The DPC
recognised that large numbers of individual property owners needed
somewhere central to deposit mixed waste - as effective separation by
individuals was deemed unlikely. The DPC also feared illegal dumping might
be practiced if no facility was provided. Hence the establishment of the
central collection centres.
For the major repairs (outside the city centre), individual contractors were
deemed responsible for managing the waste as they carried out the repairs.
This approach was essentially adopting business as usual practices and thus
the process included onsite waste separation into EWC codes prefix 17. Since
waste would be generated gradually as repairs were carried out, a centralised
system may not have been very practical or cost effective.
For repairs in the central city, contractors would use containers provided for
them by the Comune (ASM). This service was seemingly provided due to the
inadequate space for all the 159 contractors working in the central city to have
their own temporary waste storage areas and trucks accessing the areas (as
demonstrated by the protests described in Section 5.5.13).
The third category, demolition, was carried out very differently as demolition
and debris removal works were largely carried out independent of
construction works. There were a number of possible reasons for this
approach. First, there would likely be a large delay before rebuilding would
commence so in the interest of public health (falling debris, structural safety
and hazardous materials) the debris needed to be cleared. Second, the likely
delay would also have had an impact on the overall recovery process and a fast
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removal was desired (as evidenced by the mixed waste EWC coding). Third, a
number of demolition works had to be carried out by the fire brigade due to
criminal investigations on the properties relating to the reasons for structural
failures and possibly death. Fourth, there may have been economies of scale.
Fifth, the EWC coding meant that the municipality was responsible for this
waste2.
As discussed earlier, the demolition (and associated disposal) works were
mostly carried out by the army and fire brigade, however, the DPC plan had
indicated the initial intention was to handover the demolition works to the
municipality (or appointed contractor). However, at the time of the
reconnaissance it appears that the majority of the works were still being
carried out by the fire brigade and army. It is unknown exactly why the fire
brigade were not relieved of this duty, however, some suggest this may be
because the fire brigade are the only organisation with enough equipment to
complete the work. Others suggest it may be because the fire brigade charge
approximately one third of the price to remove waste (since overheads are
generally already covered), and others have suggested it is to avoid the legal
and regulatory hurdles encountered when hiring private contractors.
The initial DPC plan for the demolition works was to take mixed waste to the
temporary staging areas to sort. However, as discussed earlier, in March 2010
the plan was changed such that waste separation was carried out at the
demolition sites. Again the exact reason for this change is unknown but it may
have been an economic decision or due to the fact that the temporary staging
sites were full with limited space to separate there.
6.3.2 Delays
The waste management process was slowed due to a number of factors:
 The change in the requirement to sort material on site
 The absence of sufficient temporary storage sites and recyclable
processing facilities.
 Labour availability
 Truck availability / transportation
The decision to change the approach from sorting at temporary facilities to
sorting on site reduced the waste removal rate up to five-fold. This obviously
delayed the overall recovery process. As discussed in the previous section this
may have been linked with the unavailability of adequate storage, processing
and disposal sites. According to the assessment by Bonanni and Stagnini
(accessed 2010) Provincia dell’Aquila believed sorting at temporary facilities
was necessary for expedient removal of wastes.
The fire brigade also observed that the major time intensive activity for them
was the sorting of the debris rather than the demolition. Time to sort was
obviously influenced by the number of people that were on site but the fire
brigade could only afford a certain number of people to work on the
2

Note that it is assumed that the EWC coding was assigned before the planning of the demolition and
debris removal works.
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demolition works. For the repair works, environmental managers were
required. It is unclear whether the availability of these certified contractors
has caused any delays in the repair process. Further investigation into this
would be beneficial.
Others suggested that transportation was the major bottle neck in the process.
Only fire brigade and army trucks were being used despite an emergency
order to allow environmental managers to transport the mixed earthquake
waste. The Commissioner for Reconstruction clearly agreed that this was a
bottle neck by approving the purchase of additional trucks, see Section 5.4.
The management of historic buildings was also a time consuming process that
required intensive labour resources. It is understood that management of
historical properties was in parallel with other structures, however, some
labour resources were obviously diverted to this.
Many organisations suffered losses in the earthquake – loss of lives and loss of
property and equipment. The initial delays in establishment of the waste
management system may have been attributed in part to the need for private
contractors, such as ASM, and government authorities to find new premises
and to cover for affected staff where possible.
It is currently unclear what activity is on the ‘critical path’ and is the root
cause for the delay.
6.3.3 Organisational aspects
Contractors for major repair works appeared to be poorly managed. As
evidenced by the protests in February 2011, many contractors were unable or
unwilling to appropriately deal with wastes – particularly in the city centre. It
is unclear why this was the case. However, it could be that given the large
numbers of contractors involved in these works (159 organisations in the
centre city alone), each contractor was dealing with very small volumes of
waste. It may not have been economical to transport these small amounts of
waste regularly to recycling or disposal facilities. Contractors may have been
using the street as temporary storage until sufficient quantities were collected
to make transportation feasible (a practice which occurred outside the city
centre without dispute). Whenever a decentralised system is used, loss of
economies of scale will always be a problem. The eventual provision of waste
collection containers for the central city contractors were an
acknowledgement by the Comune of the constraints of the numerous central
city contractors.
In addition to economies of scale for transportation, allowing each individual
contractor to be accessing recycling and disposal sites may have caused
disruptions and/or bottlenecks at these facilities. No data on this was
obtained, however, given the significant increase in materials for management
there will undoubtedly be increases in trucks accessing recycling and disposal
facilities. A centralised system would allow for coordination and efficiency of
transportation system such as minimising truck trips. This would also have
helped the traffic congestion issues identified in the city.
44

Disaster waste management
2009 L’Aquila earthquake

It is also unclear if contractors were able to access appropriate recycling and
disposal facilities. The bottlenecks observed in the demolition programme
indicated that the ‘end-use’ sites in the system were not sufficient. This must
have affected private contractors as well as the municipality / ASM. No
holistic oversight of this waste stream appeared to be in place to ensure
private contractors had adequate support services.
The reliance on the fire brigade to carry out demolition works after the
emergency phase was surprising. The fire service’s mission is to save persons
and property. In an emergency they are also involved in clearing of roads /
access ways for emergency and welfare services and emergency demolition of
structures where lives are threatened. It is not normally their responsibility to
carry out demolition works. This responsibility potentially takes staff away
from their core duties of saving lives. It is understandable why the fire brigade
was still being used (potentially more cost effective, equipment availability,
degree of monitoring required by regulatory authorities, ability to bypass
certain regulations etc.), however, it is questionable whether it was justified
and whether other options were fully considered or whether this was the
default option.
One respondent suggested that it was difficult to find qualified and willing
contractors to manage the waste given the heavy scrutiny of environmental
issues in Italy. This theory was not substantiated by any other source.
Economies of scale in the demolition works were able to be achieved for the
demolition works. Scheduling work in one region for example would
minimise trips to waste management facilities. Equipment and personnel
could also be allocated efficiently. The privatised approach of the major
repairs, however, meant that some contractors may be working at capacity
while others may have spare resources.
The synergy between the DPC-led and Comune-led demolition and debris
removal works was generally good. Other than the changing of the waste
sorting procedures, the rest of the works remained the same. ASM was still
responsible for managing the temporary storage facilities and collection
centres. Operational continuity during managerial change was an important
aspect of the handover.
6.3.4 Legal implications
The European waste coding had a significant influence on the management of
the wastes, or in this case the necessary management of the waste influenced
the choice of EWC. Collapsed building stock – including building materials,
household furniture, appliances, personal items, potential hazardous
materials etc does not technically fit under any waste category. The options
that were left for the emergency managers was either to find a code that
allowed them to deal with the mixed waste, or to take the time intensive and
potentially hazardous route (given the high level of seismic activity, instability
of the buildings and unknown waste components). Having decided on the
option of collecting mixed waste it was necessary to find a code which
considered who the ‘owner’ or ‘producer’ of the waste would be and therefore
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who had authority to manage the waste. An EWC code with prefix 20, meant
that the municipality could assume responsibility for the waste and collect and
transport and separate it as necessary. An EWC code prefixed with 17 would
have meant, unless subsequent laws were made, the contractors at each site
were the ‘owners’ of the waste. This would likely have caused delays during
appointment of contractors etc. and the army and fire brigade would not have
been permitted to deal with the waste without special permission. This would
also have likely meant that the option to separate offsite (if it was possible to
use a mixed construction and demolition EWC) would have been more
difficult to implement as again special permission would need to be sought for
the municipality to operate this process.
There was, however, a drawback to using a EWC pre-fixed with 20 –
Environmental Managers were not authorised to transport the waste which
meant by default the Fire Brigade and army were primarily responsible for
transporting the waste. In March 2010 an OPCM was issued to allow
Environmental Managers to carry the mixed earthquake waste under the 20
03 99 EWC coding. However, this clause evidently was not being utilised at
the time of the reconnaissance.
This event has highlighted the need to readdress the European waste laws and
consider a disaster waste scenario. As identified by the disaster waste
managers in L’Aquila both waste ownership / responsibility and options for
waste management (mixed vs separated, transportation options etc) need to
be considered.
In addition to the EWC codes, municipalities required an emergency
legislative approval to access private properties to remove debris. This clause
was first introduced in Decree law n.39 on 28 April and the completion date
was extended repeatedly and now stands at 18 May 2011 (D.L. n. 195).
The process and regulations around certification of environmental managers
could also have proved limiting. A significant amount of work was required by
these contractors and if there were insufficient contractors then this may have
caused delays. The authors have no specific data on this.
There were some emergency legislation that were introduced and not used by
the Comune. For example OPCM 3979 allowed ASM to sort the earthquake
waste (on site), however, again this clause was not utilised by the Comune,
limiting the number of people available to manage the waste.
In general, the emergency decrees awarded sufficient freedom to execute the
desired waste management plans – in particular the plan devised by DPC.
However, in some cases, certain allowances were not taken in the
implementation of the plans for unknown reasons.
6.3.5 Environmental
The provision of central collection centres for property owners clearing their
own damage was a positive step for environmental protection. If a central
facility, close to town, was not provided private property owners may have
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looked to manage the waste themselves – by dumping illegally, open burning
or disposing of as part of municipal waste collections.
The requirement for certification of waste managers as environmental
managers was an effort to ensure quality environmental outcomes. Having a
certification process induces a level of accountability with the contractors. In
addition the contractors were required (via their responsibilities as certified
environmental managers) to handle the wastes in accordance with EWC
coding (prefix 17) requirements. However, there is / was no requirement or
targets for recycling from repair sites under EU waste laws of DPC recovery
legislation. It is unknown what level of recycling was generally achieved at
these sites. It is assumed recycling would be limited by availability of end-use
markets and prices.
The centralised demolition and debris management system allowed for
consistency in management approach and therefore environmental
management. However, the use of the fire brigade for the majority of this
work (post-emergency) was not ideal. The fire brigade, while skilled and
equipped to do demolition work do not regularly work in this environment.
They also do not appear to have the same reporting and monitoring
requirements of certified, private environmental managers. While they
appear to have carried out the works as required it was a risk to have
personnel regularly involved in demolition and waste management carrying
out the majority of the works.
The change from sorting at temporary staging areas to sorting on site
potentially had a minor environmental impact. Generally higher waste
recovery is achieved when material is sorted on site. However, as mentioned
above, if the fire brigade are not trained in environmental management then
the level of separation achieved may not be optimal. In addition, separation
on site increases the potential of contaminants being absorbed into the
surrounding environment if not managed appropriately (for example being
covered during rainy periods). It is unknown whether environmental impacts
of the changed process were considered by the Comune.
6.3.6 Economic
It is acknowledged that collection of mixed wastes and the use of temporary
staging areas increases the cost of waste management systems (FEMA, 2007).
The costs for double handling need to be considered against the ‘costs’ of
having debris and collapsed buildings slowing the economic recovery of the
region. As mentioned in Section 6.2.6 the fact that the funding for the
demolition came from a different source than would benefit from the
economic recovery of the region it is difficult to make these cost-benefit
analyses.
While no cost data for the waste management process was gathered, a
qualitative assessment of the DPC and Comune approach to debris
management can be made. The DPC approach allowed for demolition,
transportation to temporary staging area, sorting, and then onselling to
recyclers or disposal. This is essentially three stages before onselling. The
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Comune approach consisted of demolition, sorting on site, transportation,
rehandling at staging area before onselling. This is four stages before
onselling. Four stages will likely require more double handling and therefore
this will increase the costs. In addition the Comune approach reportedly took
longer than the DPC approach and this has overhead costs associated with it.
There will be some cost benefits of sorting on site – such as a higher recovery
rate (with associated revenues) and the possibility to send some materials
directly to recycling markets (bypassing the temporary facility), however, it is
considered that the benefits will not outweigh the costs. If recycling markets
were available and temporary storage sites were not necessary then the sorting
on site option may have been cheaper. Also the use of the ‘subsidised’ fire
brigade labour 6.3.1 would have reduced labour costs incurred by ASM at the
sorting facility. Further economic analysis of this would improve
consideration of waste management options in the future.
One newspaper article considered alternative options of management of the
works. Options included each municipality handling the works, one mega
contract with the fire brigade or army to complete all the works. It was
interesting to note that the latter option was considered favourably as it would
mitigate the potential for crime (AreaGenova, 2010). And as discussed in
Section 6.3.1, there were a number of reasons why the fire brigade was a
favourable choice.
As discussed in Section 6.3.3, certain economies of scale can be achieved
through use of a centralised waste management programme such as the
demolition works. Transportation costs, allocation of resources etc can be
planned and prioritised to minimise costs. For private contractor work, the
economics are on a site-by-site basis and opportunities for savings will
undoubtedly be missed. The provision of containers for the central city
contractors would undoubtedly have been cheaper than individual contractors
transporting smaller waste volumes to the disposal / recycling facilities.
However, if the maximum allowances had already been granted for the
repairs, this cost would have been additional.
6.3.7 Social
The presence of ASL on all sites helped to minimise threats to public health
and to workers. The management of asbestos, however, seemed very
reactionary. It was unclear to what extent pre-demolition site checks were
carried out to identify asbestos. It appeared that demolition would commence
regardless and only stop if asbestos was found. In some cases contractors
commented that they would continue to wrap the asbestos up and put it to one
side until certified contractors arrived. No precautions (masks, site wetting)
appeared to be available on site in the event that asbestos was found.
The change from off-site to on-site waste separation had potential health and
safety effects. Separation off-site at temporary staging areas potentially
exposes the workers at the temporary separation sites to greater levels of
hazards (hazardous materials damaged in transportation). Mitigation
measures can be put in place to minimise exposure to potential risks at these
isolated sites. On-site separation exposes the community around the
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demolition sites to greater risks (it should be noted that many people had been
displaced and there were limited people around damaged buildings) and
potentially exposes a greater number of workers to hazards within the waste.
As for environmental effects, it appears that limited consideration of the
health and safety effects was carried out prior to this decision being made.
There was no formal process for property owners to salvage personal items.
The police were present to ensure any valuable personal items recovered were
returned to the building owner, however, this process appeared to be quite
adhoc. Some fire brigade contractors commented that they thought people
appreciated retrieving personal items from their properties, while others
commented that it was not practical or safe to have residents going through
the debris during demolition.
6.3.8 Summary
The organisation of the physical works were essentially aligned with the
funding mechanism. Demolition works were carried out as a centrally
managed programme which allowed for economy of scale and prioritisation of
works and resources. The repair works were carried out by private contractors
which was understandable given that repair debris will likely be removed at
the same time as the repair is carried out. Unfortunately this leads to some
loss of economy of scale and gives less control on prioritisation of works and
environmental outcome. Small private repairs were managed simply through
provision of central collection centres.
The decision to change the waste management process from off-site
separation to on-site separation had several environmental and public health
impacts that did not appear to have been considered. The process also slowed
down the demolition works and potentially increased costs for debris removal.
Table 6-2 summarises the strengths and weaknesses of the physical works
organisation on post-event demolition and waste management.
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Environmental

Legal

Organisational

Table 6-3

Physical works organisation assessment summary

Strengths
 Prioritisation of demolition
works possible through
centralised process.
 Economy of scale of
centralised demolition works.
 Waste management
operational roles remained
the same during coordination
handover.

Weaknesses
 Contractors dealing with small
volumes of waste needed to
stockpile wastes so that
transportation was economical
(problem in centre city).
 Possible congestion at recycling
and disposal facilities with
multiple contractors.
 No oversight of private
contractors to ensure adequate
recycling and disposal facilities
were available.
 Fire Brigade taken away from
core duties.
 No way to ensure efficient use of
resources for repair works.

 Decision to classify the
earthquake waste as 20 03 99
to allow the municipality to
be the producer of the waste.
 Decision to classify the
earthquake waste as 20 03 99
to allow the municipality to
separate waste offsite.
 Emergency legislation was
used effectively to allow more
management options for
waste.

 Current EU waste codes and
laws did not reflect disaster
situations and required ‘on-thespot’ changes.
 EWC coding limited the
personnel certified to carry out
certain works.
 Some emergency legislation was
not utilised sufficiently.
 New law required to allow
private property access for
debris removal
 Possible bottle neck around
certification of environmental
managers, if necessary.
 No recycling targets for private
contractors.
 Fire Brigade not specifically
trained in environmental
management.
 Environmental impacts of
sorting on sites vs at dedicated
facility not clearly considered.

 Mismanagement of debris by
property owners minimised
through central collection
facilities.
 Requirement for all waste
handlers to be certified as
Environmental Managers.
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 Use of fire brigade mitigated
the potential for unsolicited
contracts to be awarded by
the municipality.
 Economy of scale for
centralised demolition
programme.
 Cost savings from provision
of waste collection containers
in the city centre.

 Temporary staging areas
increase cost due to double
handling.
 The Comune approach of sorting
on site and using the temporary
staging areas for storage was
likely to have higher costs.
 No economy of scale for private
contractor repair works.
 Management of asbestos was
reactionary and minimum
precautions were taken on site to
protect workers.
 Limited or no consideration of
public and worker health and
safety risks when considering on
vs off-site waste separation.
 Police presence to property
valuable personal items.
 Property owners not formally
included in demolition process
(for personal item salvage)

6.4 Factor 4: Environmental standards
6.4.1 Decision making process
The major environmental standards that influenced the earthquake
management were: the requirement to separate all wastes; and the
environmental laws around establishment and operation of temporary storage
sites, recycling processing sites and disposal sites.
The initial decision to recycle the aggregates was largely due to the volume of
wastes and, according to Roberto Pizzi (DPC), a community principle to
minimise environmental impact of events. There was no cost-benefit analysis
carried out to inform this decision.
In general, the environmental approach was to maintain existing
environmental standards for waste facilities and to, where possible, expedite
the regulatory processes necessary to achieve ‘peace-time’ outcomes. It is
believed that the generally acknowledged environmental risk-averse culture in
Italy was a major driver in using this approach.
The majority of the environmental decisions were made by Provincia
dell’Aquila – the regional authority responsible for peace-time environmental
standards. There was some consultation with other stakeholders – in
particular ISPRA and ARTA. However, consultation with Comune
(responsible for identifying potential waste management sites) and
implementing bodies appeared to be limited.
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6.4.2 Delays
The requirement to recycle all the aggregates, as opposed to landfilling or
incinerating mixed wastes, or segregating waste before landfilling the majority
as inert waste, had a significant impact on the timeliness of the demolition
and waste management activities. As discussed in the previous section when
the separation of the wastes was carried out on site this severely impacted the
rate of demolition works. When waste was separated at the temporary staging
areas, there was little impact on the demolition programme until the
temporary sites reached capacity.
The environmental standards clearly affected the timeliness with which
temporary staging areas, recycling and disposal sites were identified. The first
temporary storage facility took four months to locate, approve and prepare
(Bonanni and Stagnini, accessed 2010). The regulations required strict testing
and assessments on geological, hydro-geological and topographical aspects of
the sites and properties of the waste or recycled materials. The site locations
also had to avoid natural and national parks. Site locations were not only
restricted by environmental considerations but also economic and social
considerations: such as proximity to affected areas (to make them economical
to use) but yet secluded enough to minimise neighbour issues. These
assessment processes all take time. In addition the consultation processes
with community and regulatory authorities appeared to be cumbersome and
contributed to the delays in identifying appropriate sites. The current round
table approach for example does not appear to be facilitating identification of
these sites, as evidenced by delegation of authority to the Recovery
Commissioner to fast-track this process.
6.4.3 Organisational aspects
Many of the organisational aspects related to setting environmental standards
were discussed in Section 6.1. The role of organisations responsible for overall
coordination of the waste management process included establishment of
environmental standards that would ensure quality outcome but also facilitate
an expedient recovery.
In terms of implementation of standards, the organisation of the physical
works (Section 6.3) allowed for the environmental standards to be
implemented and monitored through existing processes. For example the
requirement for all contractors carrying out repairs to be certified
environmental managers is a mechanism to maintain adequate environmental
standards. Some processes were expedited, such as for identification of waste
facilities which supposedly would reduce demand on the limited number of
regulatory personnel available.
The missing links were between the regulatory authorities and the
implementing bodies. There were several law changes made, for example,
which would have facilitated a more expedient recovery, however, the Comune
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chose not to implement them – such as the authorisation for the Comune to
use aggregate crushers in the temporary storage areas to recycle material.
6.4.4 Legal implications
A directive was issued by the Commissioner for Reconstruction in March
2010, requiring the separation of all wastes. It is unknown why this directive
was made and it was enforced, however, it undoubtedly constrained the
options for disaster waste managers.
The constant reference to ‘expedited processes’ in the emergency legislation,
particularly in relation to siting and construction of temporary and permanent
processing and disposal sites does not appear to have assisted in the
establishment of these facilities. No expedited processes appeared to have
been set up until March 10 2010 (OPCM 3857), despite the call for expedited
processes in May 13 2009 (OPCM 3767) and the Deputy Commissioner being
called to intervene on June 30 2009 (OPCM 3797). The provision for the
Deputy Commissioner to intervene to identify these sites was a positive step in
trying to focus all the varying stakeholders and stakeholder interests on the
primary goal of facilitating recovery. However, despite this allowance and the
expedited procedures established on March 10, 2010, it appears that the
Commissioner was not successful in facilitating this process by September
2010.
Previous disasters have shown that relaxation of environmental standards is
inevitable to deal with large influxes of materials, such as 2005 Hurricane
Katrina (McCarthy and Copeland, 2006; Luther, 2008) and 2009 Victorian
Bushfires (Brown et al., 2010). There are two ways that peace-time
environmental standards are generally relaxed: 1) through expedited
processes (as was attempted unsuccessfully in this case) or 2) by reducing
environmental standards. The first strategy, while intended to maintain
existing environmental standards, in effect increases the environmental risks.
This is because expedited processes often lower the quality control authorities
have on waste management. For example authorities expedited the siting of a
landfill cell to take waste from the 2009 Victorian Bushfires. In Australia this
process would ordinarily take a year but in this event it was completed in two
weeks. Clearly the understanding of the risks, and questionably the mitigation
measures implemented were lower than in peace-time (Brown et al., 2010).
The second strategy is a more conscious decision to accept higher
environmental risk. A decision is made to accept that current environmental
standards (within current accepted risk levels) are not achievable so lower
standards are established (to account for the additional risk). And, if
necessary, mitigation measures can then be put in place to protect the
environment from this increased risk. This allows the authority to maintain
more control over the potential environmental effects. An example of this
strategy is the use of air curtain incinerators following Hurricane Andrew in
1992 (USEPA, 1995), in a state where incineration is ordinarily not practiced.
Process and monitoring remains in place so that back analysis of the situation
can be done and remediation carried out if necessary. This is only feasible if
the risks you accept are reversible.
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The form of the emergency decrees may have contributed to this delay. As
discussed in Section 6.4.2, it took four months for the vague call for ‘expedited
processes’ for waste facility identification to be explicitly described. Without
clear guidance on what constitutes ‘expedited processes’ and with the
understanding that peace-time environmental standards had to be met,
decision-makers may have felt they were not able to make these decisions
quickly.
6.4.5 Environmental
The environmental effects from L’Aquila debris management are not yet
evident. The strict adherence to environmental regulations and the practicing
of recycling obviously has largely positive environmental effects.
Unfortunately, the desire to recycle and the strict environmental regulations
may have had some unintended adverse effects on the environment.
The absence of adequate waste processing and disposal sites meant that waste
management in previous ‘temporary’ stages was more permanent than
intended. Aggregates at the temporary staging area were being stored for
longer than the three months originally intended. While the majority of the
waste was inert and the environmental risks were quite low, site design
features such as stormwater control, and aggregate pile stability would likely
be designed depending on the permanence on the storage, with higher risk
acceptance for lower storage periods. Also if there was a risk of hazardous
components in the waste, then the longer the materials were on site then the
higher the exposure to potential hazards. One respondent described the
temporary storage site as a landfill.
In addition to longer exposure in the temporary storage areas, the slow
demolition procedures (linked to environmental standards) meant that
environmental contamination potential in the areas of collapsed structures
was increased the longer it was unmanaged. Every rain event, for example,
will cause contaminants to be picked up from the site and carried overland
and potentially into surface water bodies.
6.4.6 Economic
The economic viability of recycling, particularly in a disaster situation, isn’t
certain. First L’Aquila lacked adequate processing facilities to process the
large quantities of concrete and aggregate. Second, a lot of double handling
and additional processing costs are incurred when waste is mixed
indiscriminately (via the earthquake action). Third, there is plentiful raw
aggregate close to L’Aquila at prices generally lower than recycled aggregate.
Last, there are limited standards for use of recycled aggregate in engineering
works. These four factors led to a situation where high capital investment and
operational costs were incurred to treat materials that have an uncertain end
market. This financial uncertainty was perhaps a contributing factor in the
reluctance to identify and establish additional processing facilities. However,
the fact that all these works would have likely been paid for by recovery funds
as part of the recovery works means that this influence may have been
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insignificant. There was no cost data gathered on the relative price of
recycling vs landfilling.
In terms of indirect costs, the use of high environmental standards has mixed
effects. The adherence to high environmental standards contributed to the
delays in the recovery process. This in turn has an effect on the speed of
economic recovery as there are delays in rebuilding. Conversely the
maintenance of high environmental standards potentially reduced future
environmental degradation and potentially expensive land remediation.
6.4.7 Social
Strict adherence to environmental standards and the subsequent slow removal
of waste from the urban areas would have significantly increased the potential
for public exposure to contaminants in the waste in the short term. Asbestos
for example, if friable and broken during the collapse of the structure is likely
to be carried into the atmosphere every time there is a strong wind. Rainwater
may pick up contaminants from rotting foods, paints or other toxic household
materials and flush them out into open areas. Debris may also block
flowpaths for stormwater which causes a flood hazard in large events and in
smaller events could cause areas of standing water – ripe for vector breeding.
The slow removal of waste also clearly frustrated residents, as evidenced by
the February 2010 protests. The ability for a community to recover is directly
affected by the debris removal process as without this step rebuilding is not
possible. There is also a positive psychological advantage of removing waste
as a sign of recovery and resilience (Petersen, 2004; Denhart, 2009; Brown et
al., 2010). In L’Aquila there is apparently widespread concern that the
recovery will take 20 to 30 years based on current progress.
In the long term there will likely be positive social effects. Preservation of
environmental spaces in Italy is a primary goal. A conservative approach here
will undoubtedly prevent earthquake related environmental degradation later.
In previous disasters the use of recycling in the recovery has been seen as a
positive psychological move. Residents saw the process as giving life to their
old buildings (Denhart, 2009). However, the potential use of recycling for
rebuilding in L’Aquila drew an interesting response from one respondent who
felt it was wrong to use the rubble that killed so many people to rebuild the
city.
6.4.8 Summary
Overall the adherence to strict environmental standards and the recycling
mandate adopted considerably slowed the demolition and debris removal
process. In particular, the identification of necessary additional waste
management facilities proved to be a bottleneck, despite legislative efforts to
expedite the process. The legislative provisions, however, inadvertently called
on waste managers to make decisions more quickly while also expecting
peace-time environmental standards to be met, thereby increasing the risk.
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Organisationally there seemed to be a gap between the authorities establishing
the environmental standards and the organisations implementing the physical
works. In some cases law changes were made to facilitate the recovery but
they were not utilised by those carrying out the works. Environmentally the
approach was positive, there was a strong focus on mitigation of future
environmental effects. This in turn had positive social effects. However,
delays in the process led to a high public health hazard (as waste law within
the community for longer periods) and indirect and potentially direct costs.
Table 6-4 summarises the strengths and weaknesses of the environmental
standards used on post-event demolition and waste management.
Environmental standards assessment summary

Strengths
 Use of existing certification
processes (Environmental
Manager) to ensure quality
environmental outcomes.
 Expedited environmental
processes potentially reduced
workload for limited
regulatory personnel.

Environmental

Legal

Organisational

Table 6-4

 Focus on minimising long
term environmental effects.

Weaknesses
 Discontinuity between
environmental standard
authorities and the
implementing organisations.

 Directive mandating waste
separation restricted waste
management options.
 Expedited processes for waste
facility identification were not
utilised.
 Expedited processes for waste
facility identification increased
the environmental risk without
mitigation.
 Emergency decree laws were
initially vague on the definition
of ‘expedited processes’.
 Slow demolitions led to longer
than intended use of temporary
sites and increase of risk of
adverse environmental effects.
 Slow demolitions increased
potential for environmental
contamination around collapsed
structures.
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 Adherence to environmental
standards reduced potential
for future environmental
remediation.

Social

 Long term preservation of
environment.

 Recycling and use of temporary
facilities are not necessarily the
most cost effective option.
 Strict environmental regulations
causing delays in debris removal
contributed to slow economic
recovery.
 Increased public health hazard
due to collapsed buildings in
populated urban areas
(asbestos, toxic chemicals in
household waste, flooding).
 Slow demolition and debris
removal frustrated residents.

7 Planning for the future
7.1 Disaster waste management planning
For many of the interview respondents, this earthquake has highlighted the
importance of learning lessons for the future. As one interview respondent
remarked in terms of the recovery, “this [waste management] is not a
problem – it is the problem”.
In L’Aquila in 1703 a large earthquake severely damaged the town. The waste
management solution at the time was to deposit all the debris in what is now
the botanic gardens behind the Basilica. This site has required ongoing
remediation to compact the poorly compacted fill. Many do not want to see
the same poorly considered outcome occur again.
At the time of the reconnaissance DPC were preparing a briefing note about
the waste management procedures used in L’Aquila. Other organisations,
such as Provincia dell’Aquila, will undoubtedly follow suit.
Two aspects identified by interview respondents as items that would help to
have in place before the next disaster were (1) specific regulations on disaster
waste management, and (2) the identification of potential temporary storage
facilities and recycling processing sites.
7.2 Recommendations
A number of possible improvements and preparation measures could be taken
to improve future disaster waste responses in Italy and Europe based on the
experiences in L’Aquila. Several recommendations are made below:
European Union
 Amendment of or exemption from the EWCs to allow for a disaster
response situation. The code should consider assignment of
appropriate ‘responsibility’ for the waste and the likely nature of the
waste. Assignment of ‘responsibility’ for the waste may be difficult as
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the type of disaster funding (private versus public) and hence expected
‘responsibility’ for the waste will differ between European countries
and the scale of the disaster. The nature of the waste will be different
depending on the disaster type and the code classification should
reflect this. The code must be flexible enough to allow for expeditious
removal of waste from affected areas and to enable creative postdisaster waste management.
Dipartimento Protezione Civile / National Government
 Preparation of a disaster waste management plan.
 Preparation of guidelines for municipalities to develop disaster waste
management plans.
 Establish DPC, regional and local authority roles and responsibilities
for demolition and debris management during recovery stage. Include
desired coordination and strategic leadership approach.
 Consider the effect of funding on debris removal. In particular
consider:
o adjustments necessary for fluctuation in post-disaster waste
management markets, such as allowing full reimbursement for
all categories of damage; and
o incentives for expedient demolition and debris removal.
 Restrict the use of fire brigade to emergency response only.
 Establish policy on expedited certification of environmental managers
post-disaster.
Provincia dell’Aquila (and other regional councils)
 Identify potential disaster waste management facilities including
temporary staging, recycling processing areas, disposal sites.
 Establish environmental standards specific to disaster situations,
including temporary facility sitng, recycling targets, hazardous waste
handling requirements.
Comune di l’Aquila (and other local councils)
 Establish disaster waste management plan
 Establish engineering standards for use of recycled aggregate.
 Revise laws around private property access post-disaster.
 Establish relationships and agreements for disaster response with local
health authorities and environmental authorities.
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Appendix A
L’Aquila post-earthquake emergency legal provisions
related to waste management
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Table 9-1
Emergency legislation related to waste management following the L’Aquila earthquake (Stagnini et al., accessed 2010a)
(Bonanni and Stagnini, accessed 2010)

Rule date and
number

Content

Peace-time regulation notes

DL April 28 2009
n.39 (which became
law 24 June 2009)
Art. 9

 All material from the collapse and/or demolition of public and
private buildings, is classified as municipal waste with an EU
waste code 20/03/99 for collection and transportation to
temporary storage areas.

 Ordinarily waste must be
separated on site before
transportation and disposal.
However, this was found to be
too slow in a disaster situation.

 All waste must be tracked to the origin (producer) of the waste.
 Municipalities are given authority to remove waste from private
properties to protect human and environmental health.

OPCM May 13 n.
3767
Articles 1 & 2

 The President of the Council of Ministers can define the
operational procedures for the management of such waste.
 The region was given responsibility for identifying disposal sites.
 ISPRA is identified as provider of technical advice.
 Sites used for emergency storage are authorized until
19.01.2010.
 Temporary storage sites need to be identified through expedient
environmental, public health and technical assessment
processes and shall be identified with the assistance of Provincia
dell’Aquila and ARTA.
 Preparation and approval of an assessment of environmental
effects is required before mobile processing plant can be used in

 Ordinarily municipalities are
not authorised to move any
waste but municipal waste on
council property.
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temporary storage areas.
All waste shall be classified as 20 03 99 for collection and
transportation until the end of the state of emergency
Waiver to authorise municipalities to remove wastes from
private and public properties until August 2010.
Directive that all costs must be reported including any net
revenue.
Waiver of requirement to use FIR form for collection and
transportation of waste during state of emergency.

OPCM May 19 n.
3771

 Minor revisions of OPCM 3767

OPCM June 17 n.
3782

 Minor revisions of OPCM 3767

OPCM July 30 n.
3797
Articles 10 & 19



Exemption of regulations for the collection and transportation
of waste by the Fire Department, Armed Forces and the State
Forestry.
 The Deputy Commissioner may intervene to expedite the
identification and construction of temporary storage sites: using
the Army Corps of Engineers or Land Agency Interregional
Public Works.
 Authority for municipalities to remove waste on private
properties extended until January 2010.
 The collection and sorting of wastes is expected to be carried out
by qualified companies such as ASM – a maximum amount of

 An FIR is an identification
form for waste which includes
name of producer and
receiver, type and quantity of
waste etc.

 Ordinarily these services are
only permitted to move waste
if it is a direct threat to public
safety.

 ASM is the municipal waste
contractor in L’Aquila
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€3,000,000 has been allocated for payment for these services.
The transportation of waste by the Armed Forces and the Fire
Brigade is authorised.
Inert material recovery may be carried out in quarries. A
reduced time frame for establishment of these facilities is
permitted and the same environmental impact assessment
requirements as stipulated for temporary disposal sites shall be
employed.
Minor amendments to OPCM July 30 n. 3797
Allowance for the Deputy Commissioner to deviate from
Legislative Decree 208 of 3 April 2006, No 152.

OPCM Sept 29 n.
3813
Article 3



OPCM Oct 16 n.
3817
Article 10




OPCM Dec 22,
2009, No 3832 on
damaged vehicles
(published in OJ No.
299 of 24.12.2009);
Article. 1 of DecreeLaw of 30 December
2009, n. 195, with
amendments, into
law February 26,
2010, No 26.
OPCM March 10,
2010, No 3857 (OJ
No 63, 03/17/2010)
Article 13

 The Deputy Commissioner is permitted to enter into an
agreement with the Automobile Club of Aquila (ACA) such that
the ACA may remove abandoned vehicles which are not claimed
after a 30 day notification period, and the ACA will be
reimbursed a maximum of €250 per vehicle.
 Authority for municipalities to remove waste on private
properties extended until to 18 May 2011.

 Minor amendment to OPCM Sept 29 n. 3813, Article 3.
 Allowance for National Environmental Managers to carry waste
to the temporary storage sites under the code 20 03 99.
 Provisions for private property owners with damage category A
to take their waste to public waste service providers (up to
maximum of 1000kg). Reimbursement from the government

 This is the solid waste
management law (see Section
3.2)

 Ordinarily only municipalities
are authorised to carry waste
under this code.
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will be made on presentation of certification issued by the waste
service provider.
 Amendment OPCM May 13 n. 3767 Article 1
 The Deputy Commissioner may intervene and identify, design
and facilitate construction and entrust management of sites for
temporary storage. The Deputy Commissioner shall submit
plans for these sites which will go through expedited
environmental assessment processes. Regional personnel and
budgets should be used. There will be a public notification
period of 15 days. The President of Abruzzo region then has 5
days to approve the site. Site preparation is permitted to begin
on commencement of this procedure but plant operation can
only start on completion of process. The Deputy commissioner
is authorised to engage external contractors to carry out this.
Deputy Commissioner may allocate a maximum of
€30,000,000 for this process.
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