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Construction and demolition waste (C&DW) is a major sustainability issue in fast-urbanising
cities, where construction and infrastructure works generate heavy mineral debris and
recoverable materials. In Kathmandu Valley, earthquake risk can produce sudden debris
surges that strain logistics and governance, while informal reuse and weak monitoring leave

flows poorly recorded.

This thesis uses a literature-based qualitative review to examine C&DW generation and
handling in Kathmandu Valley, identify barriers to reuse and recycling, and propose

practical opportunities for sustainable urban development.

Findings show dominance of concrete, brick/masonry, and soil/sand fractions, with higher
salvage of metals and timber. Barriers include weak enforcement, limited processing, low
market confidence, and data gaps; earthquake debris can overwhelm weak systems.
Recommendations focus on enforceable sorting and approved destinations, technical pilots,

and improved local measurement.
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1 Introduction

1.1 Background and context

Construction and demolition waste (C&DW) is a significant global environmental concern
and one of the largest waste streams by mass particularly in urbanised areas with high rates
of construction (Lopez Ruiz et al., 2020). In addition to waste volumes, there are also
increasing connections between construction and building-related issues of resource demand
and climate impacts, that is why extending the life of buildings, building material efficiency,
and the recovery of secondary materials are increasingly referred to when it comes to

sustainable priorities for cities (UNEP, 2020).

For developing countries such as South Asia, it may be very challenging to collect data on
C&DW recycling, as the waste is not well documented officially, and materials are reused
informally (such as wood reuse and stone use in road construction) (Pathak, 2019). Such
data limitations are not just a measurement issue, but also more difficult to design cost
effective facilities, have reasonable targets, and monitor compliance as waste flows are not

fully visible to formal systems.

Beyond data limitations, poorly managed C&DW creates multiple urban sustainability
problems. When heavy debris is dumped in river corridors, road edges, or low-control open
spaces, it can contribute to blocked drainage, safety risks, dust and nuisance impacts, and a
long-term loss of land value and environmental quality, while also wasting reusable
materials that could reduce demand for virgin aggregates (UNEP, 2020). At a system level,
low rates of sorting and recycling also mean that cities face higher hauling and disposal
requirements and miss opportunities for circular material loops, especially for concrete and
masonry fractions which often dominate the mass of C&DW in many contexts (Lopez Ruiz

et al., 2020).

This thesis is based on Kathmandu Valley of Nepal. Kathmandu Valley has been highly
urbanized, with rapid urban growth, land-use change, and poor construction practice, leading
to high construction activity and stress on the municipal services and environmental quality

(Timsina et al., 2020). The valley had an estimated population of about 2.54 million and was
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growing at roughly 6.5% per year, making it one of the fastest-growing metropolitan areas
in South Asia (Timsina et al., 2020). Economically, the valley acts as Nepal’s primary urban
hub, where services, trade and retail, tourism, manufacturing and handicrafts, real estate, and
construction-related activity are major drivers of local employment and ongoing building
demand (Timsina et al., 2020; Ishtiaque et al., 2017). In this context, the issue is not just
more waste, but the lack of adequate infrastructure for urban waste systems to provide

regular collection, tracking, and safe waste disposal/recovery routes. (JICA, 2024)

The novelty and motivation of this thesis is therefore to consolidate scattered evidence on
Kathmandu Valley’s C&DW situation (routine and disaster-related), identify the most
binding institutional/technical/market constraints under local conditions, and propose
realistic solutions that match the capacity limits of municipalities and the existing informal
recovery economy. This synthesis is intended to support practical planning (for example,
defining feasible end uses, setting enforceable site requirements, and prioritising
investments) rather than presenting C&DW management only as a general sustainability

concept.

1.2 Objectives

The main objective of this thesis is to identify the key challenges in current C&DW
management in Kathmandu Valley and propose practical opportunities and
recommendations to improve reuse and recycling in ways that support sustainable urban

development.

Specific objectives are:

1. To review the current situation of C&DW generation and major waste types in

Kathmandu Valley.
2. To examine existing C&DW management and recycling practices.
3. To identify key challenges and limitations that hinder effective recycling and reuse.

4. To identify opportunities and provide practical recommendations for improvement.
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1.3 Methodology

This study applies a literature-based qualitative review as the main research method to
synthesise existing evidence on C&DW reuse, recycling, and management in Kathmandu
Valley. After relevance screening and quality/credibility checks, a total of 39 academic and

policy sources were retained for the synthesis; these 39 sources are cited in the thesis.

The review uses the following source types:
e Peer-reviewed academic journal articles
e Conference papers
e Government and municipal reports
e Policy documents
e Publications from international organizations

The literature search is guided by keywords such as "construction and demolition waste,"

" o<

“C&DW," "recycling," '"reuse," ‘“waste management," ‘“Kathmandu Valley," "Nepal,"

“South Asia," "barriers," and “sustainable urban development."

Searches are conducted in common academic databases and search platforms (for example
Scopus, Web of Science, and Google Scholar), along with targeted review of government

portals and municipal/international reports.

Sources are selected based on relevance to the thesis objectives, credibility of the
publisher/organization, and usefulness for the Nepal/Kathmandu context. The analysis is
thematic: findings are grouped under four objective-based themes (current situation, current
practices, challenges, and opportunities/recommendations). International examples (for
example, from Vietnam and other countries) are used only where they help interpret lessons

for Nepal.

Filtering process used for selecting studies:
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e Identification: keyword searches were conducted in Scopus, Web of Science and
Google Scholar, and complemented with targeted searches for Nepal government,

municipal, and international organisation reports.

e Screening: titles and abstracts (or executive summaries for reports) were screened to
remove irrelevant material (for example, studies not related to C&DW or not relevant

to Nepal/Kathmandu context).

e Eligibility: potentially relevant sources were reviewed in more detail to confirm that
they contain usable evidence for at least one objective (generation drivers/materials,

current practices, barriers, or feasible opportunities).

e Inclusion: the final set of 36 sources was retained and synthesised across Chapters 2

to 5.

1.4 Scope and Limitations

It is only limited to C&DW of Kathmandu Valley. The study is directed towards reuse and

recycling of C&DW and their contribution to the sustainable city development.

There is no primary field data collection in the thesis. It is based on published literature and
reports that are available. Some statistics may be limited or inconsistent since data on
C&DW in developing countries is often incomplete and that the reuse of this waste is often
informal. Hence this thesis deals carefully with the available evidence and stresses the use

of clear discussions of data limitations.
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2 Current situation of C&DW waste generation in Kathmandu

Valley

The chapter highlights key material groups, potential drivers, and data gaps for planning
rather than presenting a comprehensive city-wide inventory. Reliable routine totals for
Kathmandu Valley remain limited because informal reuse, mixed disposal, and illegal
dumping are poorly recorded (Hoang et al., 2020; Labra Cataldo et al., 2023). The best
available local evidence therefore combines disaster-debris estimates, unit generation rates
linked to building typologies, and contextual urban waste indicators rather than a single daily

generation figure.

An older Kathmandu-focused estimate of approximately 28.5 tonnes/day (based on a 2004
survey cited by Ehler & Shrestha, 2015) excluded illegally dumped waste and predates major
road and construction expansion after 2012. Given valley population growth to about 2.54
million and sustained construction activity, this figure should not be interpreted as a current
city-wide total; annualising it would imply an unrealistically low order of magnitude for a
metropolitan region of this size (Ehler & Shrestha, 2015; Timsina et al., 2020). More credible
scale indicators come from post-earthquake field evidence and unit-rate studies discussed

below and summarised in Table 2.

An understanding of the difference between disaster debris caused by a major earthquake
and routine C&DW from normal construction activity can be helpful, as earthquake debris
can represent most of the waste that needs to be addressed over the short term. A study on
the Kathmandu Valley conducted in the field after the Gorkha earthquake in 2015 estimated
potential building debris of 3.23 million tons in the core city area; after two years, about 1.07
million tons of potential building debris were managed while about 2.17 million tons
remained unmanaged (Poudel et al., 2019). The evidence indicates that earthquake risk is
not only a driver but also a capacity test of waste governance, temporary storage sites, and

reuse/recycling pathways.

Table 1: Example earthquake debris quantities for Kathmandu Valley (post-2015
earthquake)
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Indicator Reported Timeframe / Note Source
Quantity
Potential building debris (core 3.23 million | Estimated potential Poudel et
city area) tons after earthquake al. (2019)
Debris managed 1.07 million | Two years after Poudel et
tons earthquake al. (2019)
Disposed by open dumping (river | 0.63 million | Part of managed Poudel et
banks / ring road / open spaces) tons debris al. (2019)
Salvaged for reuse / sold for 0.44 million | Part of managed Poudel et
recycling / other destinations tons debris al. (2019)
Unmanaged debris remaining 2.17 million | Two years after Poudel et
tons earthquake al. (2019)
Table 2: Selected quantitative indicators for C&DW scale and planning
(Nepal/Kathmandu-focused)
Indicator / Data Point Reported Scope / Notes Source
Value
Unit debris generation rate | 1.90-3.23 By building typology; basis for | Poudel et
(weight) ton/m? disaster preparedness estimates | al. (2018)
Unit debris generation rate | 0.89—1.57 By building typology; same Poudel et
(volume) m3/m? study al. (2018)
Potential post-earthquake 3.23 million | Estimated potential after the Poudel et
building debris (core city) | tons 2015 Gorkha earthquake al. (2019)
Unmanaged debris 2.17 million | Indicates long debris-clearance | Poudel et
remaining (two years post- | tons timelines under limited al. (2019)
earthquake) management capacity
Valley MSW generation 620 2011 estimate; reflects broader | Pathak
(five municipalities; tonnes/day | urban waste-management (2019)
contextual indicator) pressure in Kathmandu Valley

2.1 Drivers of C&DW waste generation

C&DW generation is also growing with the growth in construction activity especially in the

fast urbanising cities, and Kathmandu Valley is no exception to the rule where urban growth

and demand for buildings and infrastructure are contributing to the increases in C&DW

generation. The findings from the land-use and land-cover data in Kathmandu Valley

indicate the rapid growth of built-up land since the early 1980s, consistent with the increase

in construction activity and related material flows that end up as C&DW during renovation

and demolition processes, as observed in the previous studies (Ishtiaque et al., 2017).
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Earthquakes are another driver in Nepal, because they can damage or collapse buildings,
leading to a rapid and sudden surge in demolition and debris generation in a short notice
(days to weeks), which must be managed by municipalities and contractors. While the debris
is generated quickly, evidence from Kathmandu Valley shows that clearance, transport,
reuse, and final disposal can take months to years because of limited temporary storage sites,
logistics constraints, and limited formal processing capacity (Poudel et al., 2019). The
identified open spaces, logistics and coordination for debris management following
significant earthquakes in Kathmandu Valley have also been identified as a preparedness
plan priority, showing how disaster risk can become waste management capacity stress for

Kathmandu Valley (Government of Nepal, 2014).

From a planning point of view, the nature of the earthquake debris is also different from
ordinary C&DW, as the “peak load” phenomenon is even more serious: it is easy to block
the road and delay the reconstruction in earthquake debris removal if the temporary storage
and logistics are not prepared in advance. Limited open space was identified for debris
management in relation to the estimated needs after a large magnitude earthquake in a
Kathmandu Valley debris management strategic plan prepared prior to the earthquake
(Government of Nepal, 2014) prefiguring the need to identify further debris management

sites and determine coordination responsibilities before the disaster.

Economic growth and construction activity provide an additional macro-level explanation
for why C&DW pressures rise over time. Nepal’s GDP has increased substantially in recent
years (World Bank, 2026), and as the construction sector expands, the volume of materials
extracted, transported, installed, renovated, and eventually demolished also increases, which
typically raises C&DW generation unless prevention and reuse practices are strengthened
(Lopez Ruiz et al., 2020). For Kathmandu Valley, this macro trend supports the same
planning implication: C&DW management capacity (sorting rules, approved destinations,
and processing options) must scale alongside construction growth, otherwise more debris

will be handled through informal dumping or low-control reuse pathways (JICA, 2024).

Table 3: waste trend in Nepal (municipal solid waste)

Indicator 2013 | 2023 Change Source
Average household waste 371.94 | 643.05 | +72.8% Chauhan et al.
generation (g/day) increase (2025)
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Organic share of MSW (%) 77 66 Decrease Chauhan et al.
(2025)

Plastic share of MSW (%) 12 25 Increase Chauhan et al.
(2025)

Table 4: Kathmandu Valley MSW generation and resource recovery evidence (context for

urban waste pressures)

Indicator / Data Point Reported Scope / Notes Source
Value

Total MSW generation (five | 620 Estimated from per-capita Pathak
Kathmandu Valley tonnes/day rates (0.25-0.47 kg/day) and | (2019)
municipalities; 2011 2011 population

estimate)

Share of reusable/recyclable | 44% (~271 Recyclable/reusable portion | Pathak
fraction in MSW tonnes/day) in sampled waste (2019)
Recovered share of the 52% (~140 Recovered via the observed | Pathak
recyclable/reusable fraction tonnes/day) recovery system/scrap shops | (2019)

Example waste trend in Nepal (2013 ... 2023)

Chauhan et al. (2025), Ghorahi Sub-Metropolitan City

450 500 550 600 650
| | ! | |

400

“la71.04

Average household waste generation (g/day)

2014

2016

2018 2020 2022

Year
Note: this is municipal solid waste evidence (not C&D waste), used to show rising urban waste pressures over time.

Figure 1: Example waste trend in Nepal (2013 to 2023) (MSW evidence; context only).
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2.2 Main waste materials and sources

The mineral fraction, which is mostly concrete, bricks, soil/sand, and the recoverable
fraction, which are mostly metals, timbers and some plastics, can be processed in different
ways to be reused or recycled safely (Hoang et al., 2020) and can be collected through

different value-recovery routes.
Typical C&DW material groups discussed in the literature include:

e Concrete and reinforced concrete rubble (often the largest mass fraction in many

settings)
e Brick and masonry debris
e Soil/sand and mixed fines from excavation and demolition
e Metals (steel, aluminium) with relatively high salvage value
e Wood/timber (reusable elements and scrap)
e Plastics and other mixed residues (often more difficult to recycle without separation)

These categories are widely reported in building-related C&DW studies and are relevant for
planning sorting categories and end-use options, even when Kathmandu-specific percentage

shares are not measured systematically (Hoang et al., 2020a; Lopez Ruiz et al., 2020).

The shift towards building types affects the mix of easily re-usable material and mixed
mineral rubble to be processed in Kathmandu Valley. Debris studies conducted after the
earthquakes in the Kathmandu Valley indicate that there is a potential for large volumes of
debris from a variety of building types, highlighting the importance of planning for
salvageable debris and heavy mineral fractions in debris recovery pathways (Poudel et al,

2018).

For disaster debris estimation, building types in the Kathmandu Valley have been associated
with different unit debris generation rates per unit floor area. Post-earthquake studies report
debris generation ranging from approximately 1.90 to 3.23 ton/m? (by weight) and 0.89 to
1.57 m*/m? (by volume) across different building typologies in the Kathmandu Valley. These
empirically derived ranges provide a structured basis for estimating debris quantities for

disaster preparedness and planning purposes (Poudel et al., 2018).
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As a general reference point from international literature (not a Nepal-specific percentage),
concrete waste can represent a large share of total C&DW by weight in some contexts, which
is one reason concrete recycling and recycled aggregate markets are often discussed as high-
impact opportunities (Lopez Ruiz et al., 2020). The exact share varies by country and
building types, so Kathmandu-specific composition percentages should be treated as a data

gap unless measured locally.

2.3 Current handling and informal reuse patterns

Reuse is also prevalent in Kathmandu Valley, particularly for manual demolition and
recovery of materials. It is noted that when the salvage markets are present, the volume of
the post-earthquake debris may be considerable and formal waste statistics may
underestimate overall flows as part of the debris can be salvaged or diverted to the waste re-
use/recycling destinations (Poudel et al., 2019). Stakeholder behaviour is important since
sorting, salvage, supervision and contract incentives on site will affect whether the material

is sorted for reuse or not (Kabirifar et al., 2021).

To be able to reuse concrete, it must go through a crushing and screening operation to
produce a usable size fraction and generate recycled aggregate. Many systems consider road
construction to be a scalable potential recycling end-of-pipe, but transport distances may
significantly influence environmental effects, as transport of heavy mineral aggregates can

be the largest contributor of fuel usage and emissions (Butera et al., 2015).

In practice, two major types of plants are discussed for Kathmandu Valley; one is stationary
recycling plant (a plant which is fixed and receives rubble, which is trucked in and operates
continuously with crushing and screening), and the other is a portable or mobile plant (a
plant which can be transported to nearer sites of demolition and crushing and screening can

be done there) (Ehler & Shrestha, 2015).

2.4 Available estimates and data limitations

In developing countries, data on C&DW are difficult to obtain with any great degree of

accuracy because informal reuse and illegal dumping are not comprehensively reported, so
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available figures should be interpreted as indicative planning evidence rather than as verified

city-wide totals (Hoang et al., 2020; Labra Cataldo et al., 2023).

For Kathmandu Valley, the data gap is not only the lack of totals, but the lack of “where and
what” information: how much waste is concrete rubble versus soil/masonry; and what are
the actual destinations: reuse, open dumping, road infill, temporary storage, formal facilities.
Debris studies after an earthquake reveal that even in the case of estimated large amounts of
debris, the monitoring of destinations can be incomplete, and a significant portion of debris
can be unmanaged for years (Poudel et al., 2019). This establishes a vicious circle: If there
is no data, it is difficult to advocate investments in facilities; if there are no facilities and no

formal pathways, then waste is informal and not recorded.

Evidence from Kathmandu Valley’s wider urban waste system also illustrates why “official”
waste statistics can be incomplete when informal recovery is active. For example, a
Kathmandu Valley MSW study estimated that recyclables and reusables made up about 44%
of MSW (~271 tonnes/day), but only about 52% of that fraction (~140 tonnes/day) was being
recovered through the observed recovery system, implying both a sizeable recovery
contribution and a sizeable “missing” potential that may not show clearly in municipal
disposal records (Pathak, 2019). While this is MSW evidence (not C&DW), the same logic
applies to C&DW streams where salvage and scrap trading can divert materials outside

formal reporting.

Additionally, there is a link between data quality, enforcement, and system formality. A
recent JICA survey in Kathmandu Valley indicates that collection and transportation
companies can operate without formal contracts or licences from metropolitan cities, which
poses a challenge for institutionalising accountability, data reporting, and compliance. This
governance pattern exacerbates data gaps for project-based C&DW flows that are typically
large in volume. (JICA, 2024)

2.5 Resource and market context relevant to Kathmandu Valley

Kathmandu Valley uses significant amounts of aggregates and sand in construction and
often, these materials are sourced from outside of the city through extraction and

transportation. Circular economy considerations include that local recovery, and recycling
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can help to limit reliance on virgin resources and alleviate disposal pressures; however,

uptake will require a credible quality assurance and market confidence (Benachio et al.,

2020).

The circular economy approach highlights the need to keep materials in use and minimise
end-of-life disposal, which serves as a reminder of why the adoption of recycled aggregates
in early markets, like road base/sub-base, is often considered first when scaling up the use

of recycled aggregate (Lopez Ruiz et al., 2020).
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3 Existing C&DW waste management and recycling practices

3.1 Policy and institutional context

At present, C&DW management in Kathmandu Valley is part of a wider solid waste system
where there are still gaps in policy responsibilities and enforcement, and in the achievement

of reliable outcomes for C&DW recycling (Hoang et al., 2020).

The gap is partly since the national solid waste framework entrusts local entities with the
task of implementing the frameworks, but requires them to provide budget, staff, technical
support and enforceable local directions to do so. Even where municipalities are conscious
about the policy on solid waste and act, the effective implementation of the policy can be
hampered due to the lack of financial and human resources, as well as technical and
managerial capacities (Asian Development Bank, 2013). These limitations may be even
more pronounced for C&DW as it is often treated on a project-by-project basis rather than

collected daily and is often heavy and bulky.

Contracting and monitoring of services also influence implementation gaps. In Kathmandu
Valley, JICA's recent review also notes that waste collection and transportation can be
carried out through individual agreements with residents and businesses instead of formal
municipal contracts, and that there is a reported ~85% collection rate, with some difficulties
related to the use of informal operators and difficulties in cooperation systems (JICA, 2024).
For C&DWi, this is important as it affects the ability of municipalities to mandate demolition

permits and enforcing site sorting as well as tracking proof of delivery to approved sites.

3.2 On-site handling, reuse, and disposal practices

Existing practices in Kathmandu Valley combine salvage and informal reuse with short-
distance movement of mixed debris to nearby low-control destinations, alongside limited
use of designated storage or processing spaces. Post-earthquake assessments in Kathmandu

Valley reported substantial quantities disposed through open dumping and documented
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unmanaged debris remaining after major events, showing how disposal pathways can strain

urban environments and recovery systems (Poudel et al., 2019).

3.3 Recycling practices and current technical options

Concrete recycling is attempted when there is a steady supply of mineral waste (separated
material) in the form of rubble, with basic processing (crushing and screening) and little
quality control to minimise contaminants and ensure predictable grading. Studies on C&DW
handling in buildings have revealed factors that affect the consistency of waste output, such
as mixing at source and a lack of sorting and quality control, which contribute to the low
market acceptance of recycled building products and explains why the scaling up of building

recycling remains challenging (Hoang et al., 2020a).

There are more concrete specific studies in Nepal that has recently been done that can give
more detail of the use of recycled concrete aggregate at meaningful replacement levels if
designed and tested. In Nepal, for instance, a study in a journal found that concrete with M30
grade strength level using recycled coarse aggregate from Prithvi Rajmarga maintained a
minimum strength of 200 kg/cm? up to 30% of recycled coarse aggregate, whereas above 30
% replacement, the strength reduction became evident (Pokhrel et al. 2025). This type of
evidence can help justify an "start with defined applications and limit" approach and not the

use of recycled aggregate as a blanket replacement.

3.4 Lessons from comparable settings

Experience in similar contexts indicates that even if the technical potential exists, recycled
and reused materials flows may be relatively low if there is no clear separation, data, and
enforceable arrangements; in a site-based study in Hanoi, for instance, only a small
proportion of recycled and reused materials flows was found, reflecting the actual scale of
the gap in implementation (Hoang et al., 2020a). It is recommended that these lessons inform
coordinated policy, infrastructure and market-based approaches are required prior to the

progression of recycling in Kathmandu Valley beyond informal recycling.
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4 Challenges and limitations in recycling and reuse

4.1 Regulatory and institutional challenges

Technical and environmental barriers can be the result of regulatory barriers, as poor
enforcement and the lack of clearly defined responsibilities can make it difficult to enforce
the sorting system, control dumping, and establish stable recycling systems for C&DW
(Negash et al., 2021).

At the national level, Nepal does not have a dedicated standalone “C&DW Act”; instead,
C&DW is mainly covered indirectly under the broader solid waste framework. The Solid
Waste Management Act, 2068 (2011) assigns local bodies responsibility for infrastructure
and services (collection, processing plants, and disposal), and the Solid Waste Management
Rules, 2070 (2013) provide enforcement mechanisms such as directions on segregation and
waste discharge practices, but neither provides detailed, enforceable C&DW-specific
requirements for demolition permits, mandatory on-site sorting categories, or proof-of-
delivery systems (Constituent Assembly (Nepal), 2011; Government of Nepal, 2013). As a
result, municipalities often need to create their own by-laws and operational rules, which can
lead to uneven implementation across the Valley and limited compliance when enforcement

capacity is low (JICA, 2024).

Nepal’s medium-term planning documents emphasise improved waste management and
disaster risk management (for example, the 15th Plan) but implementation can be
challenging because plans require land for temporary storage and facilities, stable financing,
trained staff, and coordination between multiple agencies and private contractors
(Government of Nepal, 2014; National Planning Commission, 2020). For C&DW, these
constraints are amplified by the project-based nature of waste generation and the continuing
role of informal operators and salvage markets, which can divert flows outside formal

monitoring systems (JICA, 2024).

Recent research on waste governance in Nepal shows that improving collection services
alone is insufficient unless waste programmes are supported by inter-agency and inter-level

coordination, clear institutional roles, and enforceable implementation arrangements
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(Bhandari et al., 2025). These insights inform a cautious reading of Kathmandu's C&DW
context: general solid waste reforms do not necessarily lead to clear demolition permits,

sorting rules, and contractor obligations unless local plans explicitly name, monitor, and

enforce C&DW streams (Bhandari et al., 2025).

Law and policy were also found to be stronger within Nepal for the treatment of general
solid waste than for C&DW as a specific waste stream, meaning that site-level requirements,
including the provision of necessary sorting and pre-demolition planning, don't consistently
become part of routine practice. A recent national waste management survey shows how
informal or poorly contracted contracting of services and operational constraints can
negatively affect accountability, thereby heightening the probability of dumping and
unrecorded disposal becoming the norm (JICA, 2024).

The earthquake related debris makes the institutional issue more acute as a large earthquake
may generate very high volume of debris within a short span of time which may not be
collected and disposed off normally. While Nepal's disaster waste policy and action plan
spells out whom to involve in disaster debris management, what actions to take and what
phases waste management occurs, the same implementation challenge exists as there are no
permanent C&DW systems (permits, sorting rules, designated sites, and markets) to sustain

disaster mitigation in time of peace, but only in a crisis (Government of Nepal, 2015b).

Besides disaster specific policy, Nepal's Solid Waste Management Act (2011) provides local
bodies with the responsibility for establishing solid waste infrastructure and empowers rules,
by-laws and guidelines to be implemented. At the national level, however, “how” questions
may be left to municipalities and thus progress will be dependent on local capacity, budgets

and levels of enforcement, which can vary by city (Constituent Assembly (Nepal), 2011).

4.2 Infrastructure and technical challenges

The quality of concrete and mixed waste that can be processed into recycled aggregates is
limited by the crushing, screening and separation of impurities, and by collection and sorting

processes that are efficient and reliable (Butera et al., 2015).
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In addition to concrete and mineral fractions, there are technical questions relating to sorting
and end-of-life for plastic-rich fractions, which are often different from recycling mineral

aggregate (Mak et al., 2021).

Waste management in Kathmandu at the city-system level also has environmental effects
that are related to waste moved and landfilled versus treated. A life cycle assessment study
was conducted for Kathmandu, which assessed the environmental impacts of MSW
management in different scenarios, and found that treatment choices (such as biological
treatment like composting) and reducing the share landfilled can reduce impacts compared
to business-as-usual collection and landfilling (Ranabhat, 2016). This MSW evidence is
included here for one clear reason: it demonstrates that investing in recovery and treatment
infrastructure can create measurable environmental benefits at the city scale. The same logic
supports C&DW recycling investments (particularly for heavy mineral fractions) if the

system can ensure separation quality, predictable logistics, and safe end uses.

The main technical bottleneck in Kathmandu Valley is not merely the absence of crushing
equipment, but the lack of consistent source separation before processing. When demolition
waste arrives as mixed loads containing soil, brick, concrete, timber, and plastics, crusher
output becomes heterogeneous and recycled aggregate quality and market confidence
decline (Butera et al., 2015; Chaurasiya et al., 2025). The opportunity and limits are
illustrated through laboratory and field studies in Nepal, which show that recycled concrete
aggregate can be used for non-structural and general works, but can also have higher
porosities and other properties that require quality control and standard guidance for safe use
(Chaurasiya et al., 2025). Reported compressive strength results for non-structural mixes
using C&DW-derived aggregates are summarised in Figure 2, while Figure 3 compares
sustainability index values for natural versus recycled coarse aggregate in Kathmandu Valley
assessments. The use of recycled concrete aggregate performed better than natural coarse
aggregate in several sustainability aspects in tested specimens, with satisfactory strength at
20% and 30% replacement levels, indicating viability when processing and testing are
controlled (Bajracharya et al., 2025). Likewise, a Nepal study on C&DW-derived aggregates
suggests that natural aggregate replacement up to approximately 40% could be technically
viable in non-structural concrete mixes under tested conditions, highlighting the need for

mix-design control and standards (Dhungana et al., 2023).
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Figure 2: Example compressive strengths using C&DW-derived aggregates.
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Note: NCA refers to natural coarse aggregate, and RCA refers to recycled concrete
aggregate (produced by processing concrete/masonry rubble into aggregate fractions)

(Bajracharya et al., 2025).

Table 5: Example technical evidence for recycled aggregate use (Nepal/Kathmandu-

focused)

Study / Location Key Evidence Implication for Practice
Dhungana et al. Reported non-structural concrete | Supports piloting in non-
(2023), Nepal strength results and suggests structural concrete
(laboratory / C&DW aggregate replacement up | applications with defined
journal study) to ~40% under tested conditions replacement limits and proper

testing
Bajracharya et al. Sustainability index: RCA (0.96) | Indicates RCA can be a
(2025), Kathmandu | vs NCA (0.872); partial RCA viable alternative to natural
Valley replacement achieved comparable | aggregates if processing
strength in tested specimens quality and control measures
are ensured
Chaurasiya et al. RCA exhibits higher porosity and | Highlights the need for
(2025), Nepal carbonation susceptibility than standards, durability limits,
(laboratory / natural aggregate; suitable mainly | and acceptance criteria before
journal study) for general/non-wearing large-scale adoption
applications

4.3 Market and economic challenges

Insufficient demand for recycled products and lack of confidence in recycled product quality
can constrain incentives to invest in recycling systems (Hoang et al., 2021). AlJaber et al.
(2023) suggest that there is a high initial investment barrier to implementing CE in the
building industry. Stakeholder attitudes and behaviours also contribute to the outcomes of
waste management, with their sorting and compliance behaviours also being shaped
(Kabirifar et al., 2021). Even if there are technical solutions to recycle materials, there can

be recovered materials that are used in low-value applications, due to a lack of market pull

(Zhang et al., 2021).

The informal waste recovery sector may account for a significant share of waste diversion
in Nepal’s urban waste economy but remains poorly linked to formal systems. Primary data
from Kathmandu and Lalitpur show that informal recyclers process a considerable share of
household waste flows, yet the formal system does not fully recognise them, leaving

informal workers less empowered and material flows harder to govern transparently (Labra
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Cataldo et al., 2023). For C&DW, market development therefore needs to address price
stability, standards, and practical linkages between informal salvage/scrap activity and safer

work, traceability, and more predictable demand.

The concept of recycling is discussed only at one of several technical loops in the circular
economy, while the role of reverse logistics, contracting and buyer—supplier relationship are
emphasized in the reviews as significant factors for the success of the recovered materials to
re-enter the construction supply chains at scale (Zhang et al., 2021). This means that price
signals, procurement rules and incentives for contractors must match for Kathmandu Valley

so that recycled products are competitive with virgin aggregates and imported products.

Market barrier could be broken down into two aspects: First, buyers are not willing to
purchase without standards and track records of performance; Second, investors are not
willing to invest without demand. In Hanoi, green public procurement, quality standards,
and fiscal measures proved to be effective policy instruments to reinforce the positive

externalities of recycling and to make markets more predictable (Hoang et al., 2021).

This can be overcome by testing evidence that is specific to Nepal, which will give engineers
and clients more credibility in recycled aggregate performance. For instance, the concrete
study in Nepal with M30 concrete can give a performance benchmark (strength trends, and
a realistic threshold for replacement) for procurement and specifications needed for a market
to scale (Pokhrel et al., 2025). If this evidence can be linked to the standard mix design
guidance and regular material testing over time, then the confidence can grow and the

demand can diminish and become less dependent on the preferences of projects.

4.4 Data and awareness challenges

Informal reuse and illegal dumping also hide actual waste flows and reduce the accuracy of
C&DW estimates in developing countries, which is a persistent challenge where reliable

data are lacking (Hoang et al., 2020; Labra Cataldo et al., 2023).

Based on the qualitative evidence collected in the cities of Nepal, key issues highlighted in
the sector of urban waste are limited segregation at source, a high proportion of informal
sector jobs in waste collection and recycling and the lack of awareness among the

communities in relation to urban waste programmes (Bhandari et al., 2025).
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So the problem with weak data is that Kathmandu has no plan for the “right-size” solution.
A realistic approach is to begin with a modest number of indicators to track (permit-linked
estimates, simple composition categories, and destination tracking) and work towards

greater accuracy as systems evolve over time (Asian Development Bank, 2013).

C&DW composition should not be inferred from municipal solid waste (MSW) evidence.
MSW composition in Kathmandu can shift with season, neighbourhood, income, and
consumption patterns, as shown in household MSW studies, and is therefore a poor proxy
for C&DW fractions (Khadka et al., 2021). C&DW composition is generally more stable
because it is driven mainly by building typology, construction method, and project type (new
build, renovation, or demolition) rather than daily household waste generation. Even so,
Kathmandu Valley still lacks systematic local measurement of routine C&DW shares;
available evidence remains typology-based (for example, unit debris rates by building type)
or qualitative descriptions of dominant mineral and salvageable fractions (Poudel et al.,
2018; Ehler & Shrestha, 2015; Hoang et al., 2020a). Targeted C&DW-specific measurement
linked to demolition permits and project records would therefore strengthen facility sizing
and end-use planning more than applying MSW indicators or general international

composition assumptions.
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5 Opportunities and recommendations for improvement

5.1 Policy and governance opportunities

Policy interventions, such as policy packages that include incentives and enforcement, can
help achieve better recycling performance and generate positive external effects, such as
through green public procurement and creating recycled product quality standards (Hoang

et al., 2021).

Studies on the issue of scaling recycling and resource recovery for Nepal highlight the
importance of coordination between policy makers, communities and entrepreneurs to
ensure that recycling and resource recovery policies, where sensible, are not undermined by
lack of coordination in enforcement and poor capacity of municipalities (Bhandari et al.,

2025).

The important point to note is that the word “better policy” needs to be concretised as a few
enforceable requirements that are clearly linked to project practice, such as sorting
categories, approved destinations and proof of delivery prior to project sign-off, rather than

Nepal's “rules” (Government of Nepal, 2015a).

Recommendations for policy and law for Nepal also note that, many municipalities are aware
of the policy and law but have faced challenges regarding implementation due to limited
human resources, technical skill, and budget (Asian Development Bank, 2013). While this
evidence addresses the broader solid waste system, the same capacity limitations can be cited
as a reason for the absence of dedicated investment into facilities and enforcement of the

C&DW system.
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Table 6: Policy and guidance examples relevant to C&DW waste and disaster debris in

Nepal (illustrative)

Policy / Guidance

What it Covers

Why it Matters for C&DW

Solid Waste
Management Act
(2011)

Promotes 3R principles
(Reduce, Reuse, Recycle)
and defines institutional
roles for solid waste
management systems

Provides overarching national
framework, but lacks C&DW-
specific provisions and
enforcement mechanisms needed
to influence construction site
practices (Constituent Assembly
of Nepal, 2011)

Debris and
Demolition
Guidelines (2015)

Establishes procedures for
safe demolition, debris
segregation, temporary
storage, and reuse following
earthquake events

Demonstrates Nepal’s capacity for
managing large disaster debris
volumes and offers a basis for
integration into routine municipal
C&DW bylaws (Government of
Nepal, 2015a)

Disaster Waste
Management
Policy/Strategy &
Action Plan (2015)

Provides national
framework for disaster
waste management,
including institutional roles,
coordination mechanisms,
and phased response actions

Strengthens preparedness and
emergency coordination but
requires integration with
continuous, non-disaster C&DW
management systems
(Government of Nepal, 2015b)

5.2 Technical and operational opportunities

Mobile or portable processing methods can minimize the transportation requirements by
processing the rubble as near as possible to the demolition location, thereby reducing hauling
distances for heavy mineral materials and optimizing the system efficiency (Butera et al,
2015). The use of mineral fractions as unbound aggregates in road construction, broadly
discussed as a scalable application of mineral fractions if adequate basic quality control is
implemented, is also made of mineral waste (Benachio et al., 2020). Waste flows can be
made more efficient through digital tools like BIM and tracking systems, which can enhance
estimation and transparency (lyiola et al., 2024). These tools can help make better decisions,

but they must be aligned with the workflow and responsibility (Kabirifar et al., 2021).

For cases where non-structural fractions and plastics are concerned, alternative products like
plastic—sand bricks are introduced and technical testing regimes and quality control can help

to mature niche recovery routes, if markets and standards follow (Mak et al., 2021). If the
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demolition stream contains masonry and glass, advanced material recovery research can
expand the range of options available beyond coarse aggregate reuse, with the help of pilot
projects and specifications developed in collaboration with the local industry (Ulugo et al.,

2020).

Operationally, the fastest “first wins” for Kathmandu Valley are applications that tolerate
some variability and consume high volumes, such as road base and sub-base layers, where
recycled aggregate can substitute for virgin material if grading and contamination are
controlled (Butera et al., 2015). For concrete applications, the opportunity is to define a safe
scope: Nepal testing studies suggest that partial replacement of natural aggregate with
C&DW-derived aggregate can achieve non-structural strength targets under controlled
mixes, but performance depends on replacement ratio and aggregate quality (Dhungana et
al., 2023). Similarly, Kathmandu-specific sustainability and strength testing supports partial
replacement without major strength loss in tested cases, which is useful evidence for piloting
and standard development (Bajracharya et al., 2025). At the same time, aggregate property
studies warn that higher porosity and carbonation-related limits may restrict structural uses
unless standards and testing protocols are introduced (Chaurasiya et al., 2025). A practical
technical recommendation is therefore to pilot recycling with defined end uses, simple field

tests, and clear acceptance criteria, rather than claiming “all C&DW can be recycled”.

5.3 Market development opportunities

The concept of a circular economy is based on keeping materials in use and reusing
recovered materials as secondary building materials (Lopez Ruiz et al., 2020). Quality
assurance, testing, and standards can help boost market development by creating greater trust
in recycled materials and decreasing buyer uncertainty (Zhang et al., 2021). Higher recovery
rates can be achieved at later stages of the design and planning process by avoiding waste at

source (Benachio et al., 2020).

In the light of multi-dimensional circular supply chain thinking, buyers, logistics providers
and demolition contractors should be involved collaboratively in the development of
recycling systems as material loops cannot be achieved if only one part of the chain is
regulated/incentivised (Zhang et al., 2021). The approach of building the market for recycled

C&DW products is also compatible with the approach of fostering inclusive governance and
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local innovation in the transformation of waste into economic opportunities, as in the case
of Nepal (Bhandari et al. 2025). The above recommendations are specific to Nepal and
cannot be replicated from any foreign context; they need to be fine-tuned with local

stakeholders.

A viable market-development route in Kathmandu Valley is to begin with a small number
of “approved use cases”, technically viable, and where high volumes are needed. One such
road is the road base and sub-base layers as they can incorporate large amounts of aggregate
and are able to be specified within public projects, where procurement and specifications
can help provide some predictability in the supply of recycled outputs (Benachio et al.,
2020). A second pathway involves the use of non-structural concrete applications with well-
defined performance criteria and standardized testing and is suitable for recycled aggregate
suppliers to ensure consistency over time (Dhungana et al., 2023). Market development is,
therefore, a matter of not only price, but also of institution design, and it involves the
specifications, testing capacity, and procurement as well as physical availability of sorted

rubble.

The informal recovery economy is not something to overlook - it's an economy that policy
can support, particularly by helping build it as a “backbone” of the market system. According
to a field-based study on scrap markets in Nepal, more than 92% of traded scrap was handled
by informal actors, with cycle hawkers alone contributing about 86.47% of the scrap traded,
and with the average monthly traded volume of about 2,223.54 tons and the net profitability
of around 6.13% (Scrap markets field study in Nepal, n.d.). While this evidence is not
exclusive to C&DW, it shows how economically active many material recovery systems are
in Nepal already at a small scale, and how formal C&DW recycling strategies should
consider ways to link the C&DW salvage and scrap pathways to better working conditions,

clear and open transactions, and sustainable end markets.
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6 Conclusion

Kathmandu Valley faces a growing C&DW management problem driven by rapid urban
growth, construction and renovation activities, and high disaster risk. Current handling relies
heavily on informal reuse/salvage alongside mixed debris movement to low-control
destinations, while formal recycling and transparent flow tracking remain limited. This
combination creates sustainability risks (environmental impacts, safety concerns, and
resource losses) and makes it difficult for municipalities to plan facilities, set realistic targets,

and enforce compliance.

The aim of this thesis was to identify the key challenges of current C&DW management in
Kathmandu Valley and propose practical solutions that can support sustainable urban
development. To achieve this, the study used a literature-based qualitative review,
synthesising evidence from 36 academic and policy sources and organising the findings into
four objective-based themes: current situation, current practices, challenges, and

opportunities/recommendations.

The main findings indicate that the dominant material groups to plan for are heavy mineral
fractions (concrete, brick/masonry, soil/sand) and recoverable materials (metals,
timber/wood, and some plastics). The barriers are multi-dimensional: weak C&DW-specific
enforcement and unclear institutional roles, insufficient sorting/processing infrastructure and
quality control, limited market confidence and demand for recycled products, and persistent
data gaps reinforced by informal pathways. Earthquake debris adds a “shock load” that can
overwhelm weak systems and leaves long clearance timelines when temporary sites,

logistics, and coordination are not prepared.

Based on the evidence synthesised, this thesis recommends combining enforceable
governance tools (permit-linked requirements, sorting categories, approved destinations, and
proof-of-delivery), targeted technical pilots (road base/sub-base and non-structural concrete
with defined replacement limits and testing), and market-development measures (standards,
procurement specifications, and confidence-building through performance evidence). Future
research should prioritise Kathmandu Valley-specific measurement of C&DW composition
and destinations, along with evaluation of pilot projects, so that recommendations can be

refined into locally validated implementation plans.
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