Taylor & Francis
Taylor & Francis Group

JOURNAL OF CIVIL ENGINEERING AND MANAGEMENT

ISSN 1392-3730 print/ISSN 1822-3605 online
2012 Volume 18(4): 457-468
doi:10.3846/13923730.2012.699913

POST-DISASTER CONSTRUCTION & DEMOLITION DEBRIS MANAGEMENT:
A SRI LANKA CASE STUDY

Gayani Karunasena', Dilanthi Amaratunga’, Richard Haigh’

'Department of Building Economics, University of Moratuwa, Katubedda, Moratuwa, Sri Lanka
*3School of the Built Environment, University of Salford, 4th Floor,
Maxwell Building the Crescent, Salford, Greater Manchester M5 4WT, UK
E-mails: 'gayani@becon.mrt.ac.lk (corresponding author); *r.d.g.amaratunga@salford. ac.uk;
’r.p. haigh@salford. ac.uk

Received 29 Jul. 2010, accepted 07 Mar. 2011

Abstract. The increasing nature of impacts from disasters has made post disaster management a key area of concern. The
management of disaster waste is revealed as an area of least concern yet it presents momentous challenges for those with
inadequate capacities due to the large volume and hazardous constituents created, specifically in developing countries.
This paper aims to report the findings of post-disaster waste management strategies and challenges identified in Sri Lanka.
Data was gathered through interviews with government and non-government organisations at national and local level. The
lack of an established hierarchy and single point of responsibility, mandatory and enforceable rules and regulations; inad-
equate capacity and funds, and lack of communication and coordination were identified as gaps in post-disaster waste
management. This enabled the identification of post-disaster waste management strategies, highlighting gaps that need to
be addressed for effective C&D debris management for Sri Lanka’s future resilience.
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1. Introduction

The world has witnessed massive destruction caused by
disasters which are occurring with increasing frequency
worldwide with devastating impact (Shaw 2006). These
have had a disproportionately heavy toll on developing
countries both in terms of loss of lives and damage to
property (Ofori 2002). Specifically, the threat of natural
disasters is expected to grow with greater frequency and
intensity in future due to climate change (Helmer, Hihorst
2006; Barnett 2007; Salehyan 2008). In addition, poverty,
population growth, rapid urbanization, lack of public
awareness and information concerning disaster-risk-
reduction, changes in cultural practices, environmental
degradation, war and civil strife are highlighted as the
main causes contributing to disasters.

The different types of impacts from disasters, such
as deaths, injured and misplaced people, property dama-
ge, collapsing buildings, infrastructure and crop destruc-
tion are some of the critical reasons (Lindell, Prater 2003;
Shaw 2006) which lead to the creation of tremendous
amounts of disaster waste. Pike (2007) argues that a si-
gnificant portion of cost of disasters is spent on recovery
and reconstruction, including debris management. For
example, according to the U.S. Federal Emergency Ma-
nagement Agency (FEMA), approximately 55% of all
federal disaster spending is directed toward immediate
relief, including debris removal (Pike 2007).

Managing disaster waste becomes further critical as,
unlike ordinary waste, it is mixed (Kobayashi 1995) and

may be contaminated with certain toxic or hazardous
constituents that lead to environmental degradation and
health problems (Brown ef al. 2010). Thus, ineffective
management of disaster waste can lay the foundations for
serious environmental and economic problems in a count-
ry. These problems are equally applicable in Sri Lanka as
it is prone to frequent natural disasters. Specifically, the
United Nations Environment Protection Report (2005)
states that debris generated by the Asian Tsunami of De-
cember 26™ 2004 was not properly disposed of, reused or
managed (UNEP 2005b). Hence, in Sri Lanka there is a
significant necessity to evaluate disaster waste manage-
ment strategies adopted during post-disasters in recent
years. Therefore, this paper aims to explore post-disaster
waste management strategies adopted and the challenges
faced at both national and local level in Sri Lanka. The
next section of the paper reports the findings revealed
through a review of the literature on post-disaster waste
management, globally and locally.

2. Post-disaster waste management: C&D debris

In a disaster, the generation of waste is unavoidable. Ac-
cording to the California code of regulation 17210.1(d) of
title 14, disaster waste means “nonhazardous solid waste
caused by or directly related to disaster”. Petersen (2004)
indicates that disaster waste becomes critical as it differs
from the normal situation that generates waste in more or
less stable quantities and composition whereas in a post-
disaster situation, it radically changes in type and quanti-

Copyright © 2012 Vilnius Gediminas Technical University (VGTU) Press Technika 457

www.tandfonline.com/TCEM



458

ty. Further, disaster waste may contain or be contaminat-
ed with certain toxic or hazardous constituents. In 2008,
the Environment Protection Agency in the USA identi-
fied several items generated as waste from post-disaster
situations such as soil and sediment, building rubble,
vegetation, personal effects, hazardous materials, mixed
domestic and clinical waste and often, human and animal
remains, representing a risk to human health from biolog-
ical, chemical and physical sources (EPA 2008).

Literature revealed approximate quantities of disas-
ter waste generated from disasters in large volume such
as the Haiti earthquake in 2010 (23—60 million tons), the
Sichuan earthquake in 2008 (20 million tons), Hurricane
Katrina in 2005 (76 million cubic meters), the Marmara
earthquake in 1999 (13 million tons), the Kosovo
earthquake in 1999 (10 million tons) and 20 million tons
from the Kobo earthquake in Japan in 1995 (Lauritzen
1998; Ardani ef al. 2009; Baycan, Petersen 2002; Zeilin-
ga de Boer, Sanders 2004; Kuramoto 1996; Shaw, Goda
2004; Baycan 2004; Taylor 2008; Booth 2010). However,
a report on managing disaster debris by Luther (2008)
indicated that it is necessary to estimate the total volume
of debris to manage disaster waste appropriately as it
provides for the prior identification of appropriate staging
grounds to separate waste, for necessary landfill space,
for relevant contract services and anticipated special
handling requirements applicable to hazardous debris.

Pike (2007) indicates that disaster debris manage-
ment commences immediately following a disaster and
continues during long term reconstruction. Many authors
have discussed the phenomena of debris management
during post-disaster reconstruction (Davis 1978; Oliver-
Smith 1990). The first phase of debris management is
dedicated to immediate disaster relief, focused on remo-
ving debris from access routes, and residential and com-
mercial areas by the government agencies in collabora-
tion with non government agencies. The second phase of
debris management is the long-term removal of debris,
which assists reconstruction and adopts strategies to
counter future threats to human health or environment
(Blakely 2007). The literature on waste management
strategies and models has revealed that developed count-
ries which experience frequent disasters have directed
technological know-how and expertise towards successful
implementation of disaster debris management, such as
the Marmara earthquake in Turkey in 1999 (Baycan
2004), the Kobo earthquake in Japan in 1995 (Eerland
1995), and the Northridge Earthquake in the USA in 1994
(EPA 1995).

Waste management represents a major environmen-
tal issue in any post-disaster scenario. Specifically, C&D
debris when it is contaminated with toxic substances such
as lead asbestos becomes hazardous, which leads to envi-
ronmental degradation and health problems (Pelling et al.
2002). Thus, measures aimed at controlling disaster waste
generation such as building regulations and codes are
needed at the mitigation phase of disaster management.
Many researchers have emphasized the importance of
designing early-stage strategies to be managed in the
most environmentally sound manner possible, maxi-
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mizing source reduction and recycling options, and mi-
nimizing land disposal (Lauritzen 1998; Baycan, Peter-
sen, 2002; Brown et al. 2010). Many authors have high-
lighted that disaster debris can severely impact on
emergency response and recovery effort (Rafee er al
2008; UNEP 2005c; Brown, Milke 2009; Brown et al.
2010). Petersen (2004) points out further adverse effects
on water quality, air quality and noise, flora and fauna,
visual impacts and socio economic impacts arising from
post-disaster waste management. For example, Srinivas
and Nakagawa (2007) also indicate that solid waste and
disaster debris are the most critical environmental pro-
blem faced by countries affected by the tsunami in 2004.
According to the author, disposing the waste in an envi-
ronmentally friendly manner and recycling waste have
been identified as critical issues. Further UNEP reports
(2005a, b, ¢) highlight the extensive damage caused in Sri
Lanka, the Maldives and Indonesia, on environmental
infrastructures. Further, the General Accounting Office
Report on “Hurricane Katrina: Continuing debris remo-
val and disposal issues” also highlighted how failures in
disaster debris management continue to impact on the
environmental health of citizens three years later (GAO
2008). A Rapid Environment Impact Assessment conduc-
ted after the Haiti Earthquake of 2010 also highlighted
the importance of proper debris management to avoid
damage to the environment, livelihoods and recovery
efforts (Kelly 2010). A report on managing disaster deb-
ris by Luther (2008) indicated many challenges in mana-
ging disaster debris, such as issues associated with mana-
ging large volumes of waste, ensuring property owners
are able to return to an area and assist with the clean-up
operation, separating hazardous and non-hazardous
waste, and managing asbestos-contaminated waste. In
addition, the literature reveals demolition, the establish-
ment of permanent recycling infrastructure and the en-
hancement of eco-industrial networks through strategic
planning as some of the key barriers in C&D debris ma-
nagement (Baycan, Petersen 2002; Zeilinga de Boer,
Sanders 2004; Ardani ef al. 2009). Ardani ef al. (2009)
describe the lack of funds to acquire the required techno-
logy and equipment as a major barrier in most disasters.
Other than the capital required, most authors interpreted
the lack of capacity of both local and national institutions
as another key barrier for effective C&D debris manage-
ment. A lack of vulnerability assessments and risk asses-
sments, a lack of environmental baseline data, a lack of
technology know-how, and a lack of communication and
coordination are some of the other areas highlighted
(UNEP 2005c; UNDP 2005). Regardless of these const-
raints, Raufdeen (2009) indicates many benefits of C&D
debris management, such as the conservation of natural
resources, the economical utilization of landfills, envi-
ronmental and economic sustainability, the reduction of
illegal and unauthorized dumping, reduced energy usage,
cost recovery and financial incentives and compliance
with policies, laws and regulations. Following this global
overview, the next section will review C&D debris ma-
nagement in Sri Lanka.
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3. Post-disaster C&D debris management
in Sri Lanka

Sri Lanka is prone to natural disasters commonly caused
by cycles of floods, cyclones, landslides, droughts and
coastal erosion, with increasing loss to life and property
during the past few decades (Jayawardane 2006;
Karunasena ef al. 2009). The devastation caused by the
Asian Ocean Tsunami of 2004 took Sri Lanka by sur-
prise, showing that Sri Lanka is also vulnerable to low-
frequency high-impact events causing extensive damage.
Though there were several initiatives taken by the gov-
ernment and responsible authorities for disaster manage-
ment, these were not adequate for a large scale disaster
like the Asian Tsunami (Jayawardane 2006). A joint re-
port by the government of Sri Lanka and joint develop-
ment partners in December 2005 indicated that within a
short period the Tsunami claimed 35,322 lives, injured
21,441 people, orphaned 1,500 children and left many
families without family members, destroyed 78,199
homes and partially damaged 48,911 houses (Joint report
2005; United Nations-Occupancy Health Assessment
2005). In addition, two thirds of the country’s coastline
which was affected was where most industrial and com-
mercial activities were situated, resulting in damaged
roads, bridges, buildings, railway and other transport
systems, ports and harbours, electricity and water supply
systems, communication lines, markets, towns and pri-
vate properties, estimated at a total loss of US$ 105 mil-
lion (4.5% of GDP) (Asian Development Bank 2005;
Jayasuriya et al. 2005; Jayawardane 2006; Karunasena
et al. 2009).

Recognizing the magnitude and urgency, the Presi-
dent initially established three task forces for effective
coordination: Task Force for Rescue and Relief
(TAFRER), Task Force for Law and Order and Logistics
(TAFLOL) and Task Force for Rebuilding the Nation
(TAFREN) for effective coordination. A Centre for Na-
tional Operations (CNO) was also established to co-
ordinate the relief operations, and to gather and dissemi-
nate vital information (TAFREN 2005a, b; Jayawardane
2006). Thereafter, a legislative framework was estab-
lished, in order to facilitate harmony, prosperity and dig-
nity of human life through effective prevention and miti-
gation of disasters. The National Council for Disaster
Management (NCDM) was established by the Disaster
Management Act No. 13 of 2005 as a high-level inter-
ministerial body to provide direction to disaster risk man-
agement work of the country (DMC 2005, 2006; Jaya-
wardane 2006; Karunasena ef al. 2009). The Disaster
Management Centre (DMC) is the lead agency for im-
plementing activities related to all phases of Disaster Risk
Management (DRM) in the country under the guidance of
the Ministry of Disaster Management and Human Rights
and National Council for Disaster Management (NCDM).
These activities are carried out in coordination with rele-
vant stakeholders in ministries, national and provincial
level government and private agencies, civil society, non
government organizations, community based organiza-
tions and communities. Fig. 1 illustrates the institutional
framework of disaster management in Sri Lanka.
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Disaster management operates at two levels: natio-
nal and intermediate/local level. At national level, several
divisions are established for resource allocation and prio-
ritization of activities, budget allocation and monitoring
of disaster management plans whereas all other disaster
related activities are delegated to provincial and local
levels (Refer Sri Lanka Disaster Management Act No. 13
of 2005).

Though national level polices for disaster manage-
ment (Refer Disaster Management Act no 13 2005) and
waste management (Refer National Environmental Act
1980) are available, it is noted that there are no provisions
for disaster waste management. The Disaster Manage-
ment Act only states that the disaster management coun-
cil shall provide protection for the environment and main-
tain and develop affected areas (Disaster Management
Act 2005) whereas the National Environmental Act ad-
dresses issues of general solid waste management (Rauf-
deen 2009). In Sri Lanka, C&D waste is still classified as
solid waste as there is no regulation specifically dealing
with C&D waste. Further, an in-depth review of the Na-
tional Disaster Management Plan and the National Emer-
gency Operation plan, which is in progress and would be
enforceable in the near future, also have less provision for
disaster waste management. However, during the post
tsunami period, TAFREN, CEA and MENR (Ministry of
Environment and Natural Resources) had jointly contri-
buted to strengthening the national policy on the mana-
gement of critical environmental issues such as the dispo-
sal of debris and solid waste. Further, they emphasize the
importance of developing mandatory guidelines to ensure
uniform practices (MENR 2005).

In addition, the United Nations Environment Protec-
tion report (2005¢) also that debris were not properly
disposed of, reused or managed in Sri Lanka (Pilapitiya
et al. 2006; Peppiatt et al. 2001; UNEP 2005c¢; Pasche,
Kelly 2005). Despite some regulations being introduced
in the post tsunami period, these were not necessarily
observed. For example, burning disaster waste along the
coastline was regulated yet not observed and this could be
because of a lack of preparedness for large scale disas-
ters, lack of knowledge of government officials, and little
or no input from those most severely affected. Moreover,
most changes were not aligned with the social context of
the impacted individuals (Shaw efal. 2003; UNEP
2005¢). Hence, Jayawardane (2006) comments on the
uncontrolled open dumping of contaminated waste and
hazards which had significant negative public health and
environmental impacts through contaminants leaking into
soil and groundwater, increased vermin presence, negati-
ve odour and visual impacts following the tsunami. Fur-
ther, according to the Europe Aid Co-operation Office
(2006), C&D debris is not recycled and reused at its op-
timum capacity in Sri Lanka, much of which is disposed
of into landfill sites. In addition, Pasche and Kelly (2005)
state that collected waste is often disposed of to “unplan-
ned land fills in environmental sensitive sites”. Accor-
dingly the last option of waste processing has become the
first option in Sri Lanka. However, there is evidence of
recycling of C&D debris by individual homeowners who
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Fig. 1. The institutional framework for disaster management (DMC 2005, 2006)

attempted to re-use material in reconstruction and in cash
for work programmes organized by CEA and NGOs,
which were environmentally beneficial and helped with
livelihood restoration (UNEP/UN-OCHA 2005; UNDP
2005; MENR 2005). Cash for work programmes for dis-
aster debris management, removal of rubble, demolition
of unsafe structures were also in evidence in the recent
Haiti Earthquake in 2010 (Kelly 2010). Furthermore, risk
assessments conducted in recent years indicate that most
disaster waste management programmes conducted at
local levels with collaboration of NGOs do not consist-
ently meet current best practices due to the lack of readily
available guidance, practical procedures and resources
(UNDP 2005; UNEP 2005c; EC 2006; Martin 2007). In
2007, the National Disaster Management Committee of
Sri Lanka also indicated that the capacity of Sri Lankan
institutions is inadequate for successful disaster manage-
ment (DMC 2009). All these literature findings are evi-
dence for the prevailing ineffective post-disaster waste
management practices which laid the foundation for fur-
ther investigation of waste management strategies and

challenges in Sri Lanka. The forthcoming section of the
paper discusses the methodology adopted for the investi-
gation of waste management strategies and challenges.

4. Methodology

A comprehensive literature review and documentary
survey was conducted on post-disaster waste manage-
ment to identify waste management strategies, models
and challenges prevailing locally and globally.

Data was gathered from both national and local le-
vel institutes in Sri Lanka. Seven national institutes res-
ponsible for managing disasters were selected for the
collection of data at national level covering both govern-
ment and non-government organisations. Key professio-
nals involved in post-disaster management were selected
for interview from each institute.

At local level, six districts were chosen, based on the
frequency and critical nature of the event over the last five
years, in three categories: tsunami, floods, and landslides.
Two most affected districts from each type were selected:
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— Tsunami: Batticaloa and Galle districts;
— Floods: Kaluthara and Gahampa districts;
— Landslides: = Nuwara Eliya and Kandy districts.

Interviewees were selected from top or middle ma-
nagement as well as field officers from both government
and non-government organisations involved in post-
disaster building waste management processes. Semi-
structured interviews were conducted at both levels to
gather data as it facilitated an in depth analysis and the
gathering of different views and opinions of respondents
within the scope of the study.

Nvivo software was used to facilitate content analy-
sis of the data. Relevant coding structures were prepared
using software and analysed in order to determine practi-
cing strategies and their challenges.

5. Findings

The findings of the interviews are discussed under two
sub headings, national and local level as follows.

5.1. Post-disaster waste management strategies:
national level

The findings reveal that national level government insti-
tutes, such as DMC, are involved with policy making,
resource allocation, prioritization of activities, budget
allocation and monitoring of disaster management plans,
whereas all other related activities are delegated to local
level (Refer Sri Lanka Disaster Management Act No.13
of 2005). Furthermore, at national level several divisions
were established as Preparedness Planning, Training &
Public Awareness, Mitigation & Technology, Emergency
Operations, Multi Hazard Early Warning & Dissemina-
tion, Risk Assessment & Data Collection, Administra-
tion, Finance and Media while at intermediate level Dis-
tricts Emergency Operation Units were established (DMC
2006). District Emergency Operation Units are responsi-
ble for preparing disaster preparedness and response
plans for district, divisional and GN levels, capacity
building of village level volunteers and conducting
awareness programmes, etc. (DMC 2006). However, one
key requirement is that provincial and local level plans
shall be prepared in conformity with national level disas-
ter plans. In this context, non-government institutes such
as Sarvodaya are providing their knowledge and valuable
ideas, gained through practical experience, to the gov-
ernment sector. Further, the findings reveal that in large
scale disasters, C&D debris have been managed with the
collaboration of national and local level organisations.
The role and functions of an organisation in disaster
waste management varied based on the type of disaster.
As a result, organisations did not take any responsibility
over disaster waste and instead made contributions in
their own specialist area. For example, while one organi-
sation cleaned roads, another cleared debris from the
seashore. Moreover, some organisations provided equip-
ment and technical knowledge whereas others gave fi-
nancial assistance. All interviewees stated that their par-
ticular institutions are not responsible for disaster waste
management. One indicated “They are responsible only

for disaster management and generally involves in pre
disaster events such as preparedness and mitigation”.
Some gave the opinion that waste management is a task
of environmental organisations and local authorities.
When the same question was posed to relevant environ-
mental authorities, they stated “managing disaster waste
is a major responsibility of disaster related organisations
and they do not have special units for disaster waste
management”. The above demonstrates that there is no
directly responsible regulatory body for disaster waste
management in Sri Lanka.

Fig. 2 illustrates the coding structures used to analy-
se C&D debris management strategies at both levels.

= Q Stages of building waste management strategies

;Q Controlling the generation of building waste
Q Collecting and transporting

&) Processing

&) Disposing

Fig. 2. Coding structure used for data analysis

In terms of controlling the generation of disaster
waste, though pre planned strategies were non-existent, it
was revealed that the government sector attempted to
produce some guidelines or plans regarding disaster
waste management such as rules pertaining to restrictions
on burning and illegal dumping of disaster waste along
the coastline during the post tsunami period, whereas the
non government sector only implemented some practical
measures to minimize impact. In terms of collecting and
transporting disaster waste, both the government and non-
government organisations actively participated, whereas
the non-government sector more actively supplied
manpower, technical support, equipment and vehicles. In
terms of processing, there is no evidence that disaster
waste has been processed in Sri Lanka, where the majori-
ty was disposed of in landfill. The only recycling plant
that was implemented for construction waste manage-
ment is in Galle (Raufdeen 2009), where the intention of
processing post tsunami construction waste was not fea-
sible due to delays in operation. Further, transporting
from the dump site to the plant for recycling provided
significantly lower benefits due to transportation costs. In
terms of disposing of waste, both sectors confirmed land
fill (marshy lands & clay pits) and burning were adopted
as disposal techniques.

Interviews revealed that a lack of capital and politi-
cal wills were the key barriers impacting on implemen-
ting the proposed C&D debris management programmes
in the recent past. One interviewee stated that, “affer the
tsunami a proposal came out to process building waste
generated by the tsunami, but due to high initial costs, it
could not be practiced’. Similarly, another stated that
“It’s better if the building waste can be recycled or reu-
sed. But the problem is the high cost of machines and
power. If the cost of processing is less than the cost of
original material, then it’s beneficial to do so, especially
for materials such as sand, metal and rubble”. These
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comments proved that the lack of financial resources is a
major problem in initiating building waste recycling pro-
jects in Sri Lanka. In addition, the lack of a single point
of authority for disaster waste management is also signi-
ficant, leading to various issues such as ad hoc program-
mes and poor coordination among authorities. This is
further affected by lack of intellectual capacity such as
lack of knowledge, expertise and training related to post-
disaster management within relevant local authorities/
institutions. A significant fact is that government insti-
tutes fail to identify their capacities to guide others on
assigning tasks and gain active participation. Further,
most non-government institutes do not highlight these
facts due to political influences, bureaucracy, de-
motivation and time consuming processes. All interview-
ees revealed that lack of community awareness has a
major influence on proper disaster management. In addi-
tion, inadequate legal powers and lack of operational
powers are identified as major capacity gaps at national
level. This is differentiated from the point of view of non-
government organisations that only have a social respon-
sibility or public interest. The next section will discuss
the findings related to C&D debris management at local
level.

5.2. Post-disaster waste management strategies:
local level

As illustrated in Fig. 1, Local Authorities: Municipal
Councils, Urban Councils and Pradeshiya Sabas are re-
sponsible for the management of disaster waste at local
level. Non existence of pre planned waste management
strategies are evident at local level where open dumping
and land filling were used as common waste management
practices. Solid waste management rules of local gov-
ernment agencies were applied for management of C&D
disaster waste such as those of Municipal Councils Ordi-
nance (section 129,130,131), Urban Councils Ordinance
(section 118,119,120) and Pradeshiya Sabhas Act No. 15
of 1987, section 93,94) (Raufdeen 2009). Further, all
districts revealed an ability to manage disaster waste on
their own in the case of small scale disasters such as
floods and landslides, with their own capacities except in
the case of a large scale disaster such as a tsunami.

Waste management practices reveal that in most
districts, the initial step was to clear access routes to col-
lect waste. In Batticaloa, the relevant authority separated
building waste prior to dumping, whereas in other dist-
ricts waste was dumped without separation. In terms of
processing, in almost all the districts, private owners
reused usable waste and there was no C&D debris recyc-
ling process. However, in Batticaloa a small proportion of
building waste was reused for temporary huts whereas in
Galle a recycling plant was initiated with the intention of
collecting, sorting and recycling or reusing C&D waste as
road construction material. Specifically, the COWAM
(Construction Waste Management) project within the
EU-ASIA PRO ECO II B Post Tsunami Programme was
initiated to manage C&D waste in Sri Lanka. The aim
was to provide the Galle area with practical solutions for
implementing a sustainable C&D waste management

programme and for it to become a model for all other
local authorities in the country. This would involve pre-
paration of guides for the public on waste management,
control illegal dumping, give legal support, select suitable
places for gathering waste, supply human and physical
resources, implement rules and regulations and reduce the
use of virgin construction material. In addition, research
on waste management, testing construction and recycled
materials and sharing knowledge of professionals are also
identified achievements of this project. Furthermore, the
Amapara and Hambanthaota districts initiated projects
targeting recycling of plastic items and composting of
degradable components. In terms of disposal, Batticaloa
used building waste to fill damaged roads and low level
ground whereas in Galle waste was transported from
temporary dumping places to permanent dumping places
located within a 5 km distance of Galle town. In Kalutara,
all types of waste was collected and dumped directly in
dumping yards, and in Gampaha a small proportion of
waste was used to fill damaged roads and the rest was
dumped at a dumping yard. In Nuwara—Eliya disposal of
waste was done by filling lakes, sides of roads and cove-
ring up dumped garbage. In Kandy all waste was dumped
at garbage dumping yards.

A lack of heavy vehicles and labour impacted all
stages of the disaster waste management processes at
local levels. In Batticaloa, disaster waste separation was
mainly done by non- government organisations, which
was then stolen by third parties, which in turn was a criti-
cal issue visible in that district. In Galle, the main issues
were identifying temporary dumping yards and providing
clean drinking water. However protests from temporary
dumping yard owners and the relevant authorities further
aggravated the issues. For example, one stated that “the
major problem is to find dumping sites. For each selected
site, the dwellers from that area start to protest against
the selected site”. Further, the recycling plant took a long
time to put into operation and that drastically reduced its
effectiveness. In Kalutara, the requirement for an alterna-
tive dumping ground and malpractices related to re-
usable waste were identified as critical issues. In Nuwara-
Eliya, its geographical location and protests against the
municipal council for disposing of waste in forest areas
were the major issues. The next section of this paper dis-
cusses the gaps identified in post-disaster waste manage-
ment in the Sri Lankan context.

6. Discussion

The findings revealed that the strategies used for post-
disaster waste management varied in terms of the type of
disaster, nature and impact. When considering floods and
landslides, which can be considered to be small scale
disasters, the issues that arose were mostly similar. The
most common issues are a lack of awareness among the
community, a lack of technology, physical assets and
finance. Ardani et al. (2009) also highlighted the lack of
funds to acquire the required technology and equipment
as a major barrier, identified in post Hurricane Katrina in
the United States. This shows common issues are prevail-
ing in spite of whether the country is developed or devel-
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oping. In addition, the absence of pre-planning, a lack of
coordination among organisations, a lack of innovation of
technology and improper post-disaster waste management
mechanisms further aggravated poor disaster waste man-
agement practices. One interviewee also accepted that
“even the trained volunteers are useless without a proper
plan in dealing with disaster waste”.

The lack of authority to function is another common
issue which impacts bottom level government organisa-
tions as they have not been given enough power to initia-
te or implement any work without coordinating with top
level departments. Other than these, the lack of profes-
sionals, the lack of coordination among service providers,
the lack of research, unavailability of long term plans and
frail rules and regulations affect each organisation. This is
mainly affected by improper guidance of national level
organisations and the absence of local frameworks for
post-disaster waste management. This is also influenced
by the existing institutional framework for solid waste
management in a country where the authority is vested in
independent provincial and local authorities that tend to
work in isolation. Further, this is aggravated by political
mismatches visible among provincial & local authorities
who may have been elected by different political parties.
In spite of this, general solid waste management rules and
regulations prevailing in Sri Lanka are not properly imp-
lemented due to an absence of penalties or incentives.

Thus, this study helped to identify the gaps of post-
disaster waste management in Sri Lanka that need to be
addressed for effective C&D debris management and aid
future resilience. Haigh and Amaratunga (2010) emphasi-
se the importance of the concept of resilience in the
context of disaster management. In this context, the
following section of this paper briefly explains the propo-
sed recommendations towards resilience in the context of
post-disaster waste management.

7. Way forward

Investigation into post-disaster waste management strate-
gies revealed the following gaps in Sri Lanka:

— a lack of single responsible authority including a
hierarchical structure for disaster waste manage-
ment;

— a lack of a pre-planned framework of rules and
regulations that are enforceable by statute and
which are mandatory. Specifically, the presence
of an environmentally sound post-disaster waste
management framework;

— capacity constraints such as technology know
how, funds, physical resources, etc.;

— management constraints such as communication
and coordination among involved parties, poor
government encouragement and poor utilisation
of resources;

— a lack of awareness;

— applicability of continuity and sustainable ap-
proaches;

— a lack of research and development.
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These gaps concluded that though the government
institutions encompass certain legal powers to carry out
post-disaster waste management, it has not happened
effectively and efficiently. Conversely, the non-govern-
ment organisations do not possess any legal power to
implement their own projects, whereas most of them are
willing to provide their financial and other technical su-
pport on managing disaster debris. Thus, it is evident that
the availability of a sound framework will be worked out
successfully through the support of the non-government
sector. Accordingly, this paper proposes a framework for
post-disaster C&D debris management in Sri Lanka.

Fig. 3 illustrates the framework prepared which fo-
cuses on disasters like tsunamis, floods, landslides and
earthquakes that have the highest possibility of generating
a significant quantity of C&D waste.

The initial step will be the establishment of an orga-
nisational hierarchy, to assign functions and duties. Accor-
dingly, with collaboration of all stakeholders, a council for
disaster waste management needs to be appointed under
the Ministry of Disaster Management and Human Rights
with relevant committees. Then, each committee needs to
start implementation of all other activities in the
framework. The action plan and all other programmes are
set up in the preparedness and planning stage.
Consequently an early warning and communication system
also needs to be established. It may include a method of
communicating from top to bottom of the organisational
hierarchy to maintain an efficient level of coordination.

At the post-disaster stage, initial response is the
primary stage that requires the initial clearing of debris
just after an emergency situation and after that the secon-
dary operation can be initiated. The prepared action plan
of C&D waste management can then be used depending
on the type and size of disaster. One interviewee pointed
out that “each local authority in each area should con-
duct analysis programmes to identify the most vulnerable
disasters in that area and most probable types of waste
which can be generated depending on the nature of buil-
dings and industries in that area. Then they have to pre-
pare a plan to manage that waste in a situation of a di-
saster. The legal enforceability and funding of the
aforesaid action plan needs to be provided for by the
respective committees (Refer to Appendix A for proposed
action plan for C&D debris management). On a par with
these developments, a change of attitude in government
institutes should be encouraged in order to gain
maximum utility from in-house NGOs by sharing respon-
sibilities, assigning a considerable amount of liabilities
and getting active commitment.

8. Conclusions

Whilst it is accepted that human loss is the true tragedy of
disasters, the destruction of buildings and infrastructure
can also be considered as having a significant impact on
an economy as well as on an ecosystem. Ruined buildings
and infrastructure generates a tremendous quantity of
debris including rubble, concrete, bricks, steel and timber
that places an additional burden on a community. Thus, in
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rebuilding, the process should encourage incorporation of
building waste reduction, reusing and recycling strate-
gies. Sri Lanka is also identified as a disaster prone coun-
try, experiencing a variety of disasters with immense
damage caused, such as the Asian Tsunami of 2004. Be-
sides deaths and injuries, building and infrastructure
damage causes tremendous quantities of waste. Hence,
this paper has identified post-disaster waste management
strategies adopted in Sri Lanka during the recent past.
Data was collected using semi-structured interviews at
both national and local levels and content analysis used as
the analysis technique.

The findings revealed poor waste management pra-
ctices such as open dumping and burning, which was
further aggravated by a lack of enforceable legislation,
non-availability of an institutional framework, a lack of
coordination and communication, non-availability of
district and divisional contingency plans, a lack of politi-
cal will and inadequate resources including finance,
equipment and labour. In conclusion, though government
institutions encompass certain legal powers to carry out

post-disaster building waste management, these have not
been implemented and enforced effectively. Thus, a
framework for post-disaster C&D waste management is
proposed, with a centralized responsible body to manage
and coordinate disaster waste management operations,
with effective procedures to deal with C&D debris in Sri
Lanka.
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Appendix A: Action plan for C&D debris management
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