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Abstract: Although the involvement of stakeholders is believed to be the key to the success of
sustainable municipal waste management, the specific features of stakeholders, as well as their
interdependence, have been under-researched. This study employed a multilevel governance
approach to understand the manner in which different types of stakeholder networks interact with
one another and how their roles should be reinforced. A combination of stakeholder analysis (SA)
and social network analysis (SNA) was employed to investigate the perspective of stakeholders
in utilizing municipal solid waste (MSW) in agriculture in Hanoi, Vietnam. SA indicated that the
local authorities take the main responsibility for the management of MSW in Hanoi. Although other
stakeholders express a significant interest in recycling MSW through composting, many of them do
not have sufficient power to make any changes to the current system. SNA revealed the fragmentation
of the network, as the coordination among the stakeholders is dominated by hierarchical governance,
while there is a lack of horizontal cooperation among the sectors. The fragmentation could be
attributed to weak legislative framework, lack of trust, financial constraints, and the limited
participation of private enterprises. The governance of MSW use in agriculture should be executed
through interdependency rather than hierarchy and through a network comprising both state and
non-state actors.

Keywords: municipal solid waste; organic waste; stakeholders; composting; social network
analysis; agriculture

1. Introduction

As in other cities in Asian developing countries, organic waste in Hanoi accounts for the largest
proportion of the municipal solid waste (MSW). The city produces more than 6500 tonnes of solid
waste per day, and the average amount of MSW generated daily per capita is 0.9 kg. It is estimated
that by 2020, this figure will have reached 1.4 kg/day [1]. Its weight is increasing rapidly along with
the increase in population and the rapid urbanization process of a city that has been geographically
and administratively expanded [2]. Apart from bad odors and unsightliness, organic waste has also
caused serious environmental degradation and negative impacts on public health [3,4].
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Utilizing urban waste in agriculture production through composting has been considered as a
suitable option to cope with urban waste issues in developing countries [3–9]. This alternative may be
attributed to economic, environmental, and social factors, such as the costs associated with landfilling
and the transportation of waste, the pollution impacts of accumulated solid waste, public health
threats, and Not In My Back Yard (NIMBY) conflicts. It further helps to improve the fertility of the soil
because of the large amount of organic matter contained in waste streams in these countries [10,11].
Aware of not only the threats from pollution, but also the opportunities for recycling organic waste, the
government of Vietnam approved the National Strategy for Integrated Management of Solid Wastes
until 2025 and Vision Towards 2050. It stresses that organic waste needs to be managed in a cycle,
involving the separation of the waste, composting, and utilization of the compost in the arable land of
the city.

However, the question is how to translate the national strategy into the local context when
a number of composting projects initiated over the past decades have failed in most developing
countries [12,13]. As is the case in many other environmental situations, utilizing MSW through
composting requires a holistic approach involving a range of different stakeholders. This suggests
that any decision meant to improve the effectiveness of SWM must seriously consider the perceptions,
interests, and roles of all the parties involved [14]. In other words, the success in solid waste
management depends on the extent to which stakeholders are integrated into the management process,
thus harnessing their respective resources to build collective strength with a clear division of roles and
responsibilities [15]. So far, with a top-down approach, the municipal authorities of most developing
countries retain a key role in the largest part of the solid waste management process [16]. The lack of
the involvement of private enterprises, end-users of recycled products, local communities, and other
relevant stakeholders in the waste management process is the main reason for the crisis regarding
solid waste management [4,13,16]. The literature reveals that the problem of implementing sustainable
municipal solid waste management lies in its practical application [17,18]. The practical issues of
ability, agreement, coordination, collaboration, and obligations were discussed in the literature [5,15,16].
These problems have been associated with ineffective government policy, poor administration, failures
to involve the private sector and local communities, and lack of effective communication [16,19,20].
As a result, low levels of awareness, problems with coordination and bureaucracy, the delicacy of
common interests, institutional fragmentation, failure to clarify goals, and an unwillingness to make
significant changes to current behavior have existed among stakeholders [13,21,22].

Where the formal problem-solving structures of government are ill-fitted to solve complex
problems [23], it may be necessary to use governance networks to integrate the required distributed
capacities into a problem-solving framework that is more reflexive and thus more conducive to the
achievement of development goals [24]. The adoption of multilevel governance framework has proven
to be useful to that end [25,26]. The main value of multilevel governance framework is that it allows
for an understanding of complexity at and between levels. The vertical dimension refers to the
linkages between higher and lower levels of government, while horizontal dimension focuses on
the cooperation arrangement between state, market, and civil society actors. These two dimensions
often coexist and link to each other [25]. The use of the governance network approach has been
extensively employed to develop conceptual frameworks for addressing the field of environmental
management. For example, Francesch-Huidobro [26], based on a multilevel governance perspective, set
out a conceptual framework to examine the governing mechanisms through climate change mitigation
and energy decisions that are made in Shanghai, China. Likewise, some have applied a social network
approach to analyze natural resources governance [27], as well as MSW management [14,28]. Indeed,
the development of governance networks can significantly address the common dilemmas in MSW
management. For example, Taiwan has been seen as having a successful practice for targeting urban
solid waste, thanks to the engagement of various stakeholders in the MSW management [29].

According to Ravetz [30], for cities to be sustainable, there is a need to move towards a situation
where the through-put of resources is reduced (i.e., where it contains its own eco-cycle. This is also
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the basic philosophy of the circular economy, which has received increasing attention worldwide
as a way to increase the efficiency of resource-use-based adoption of closing-the-loop production
patterns within an economic system [31]. Returning organic matter from urban waste back to
agriculture soil is one part of this process (Figure 1). The challenge of linking urban waste to
agriculture is that waste must be separated at the source. Waste separation provides a steady
supply of organic waste for composting plants. For municipal solid waste, which is high in volume,
diverse in nature, and complicated in composition, the most economical and sustainable measure for
waste separation is one that relies on residents who directly generate it. Once the separated waste
has been composted, the end-product—compost—is believed to provide a productive resource to
agriculture. While most composting projects are successful in producing compost, the sustainability of
a commercial composting plant will depend on the sale of compost products. The use of compost in
agriculture, therefore, ultimately depends on the acceptance of the end-users (i.e., farmers (Figure 1)).
Linking urban waste to urban agriculture, then, presents a systemic problem, which involves a wide
range of stakeholders: local residents, waste collectors, waste management officials, composting plants,
agriculture development agencies, compost users (farmers), and so forth.
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Figure 1. The conceptual illustration of the research idea. 

Based on integrated sustainable waste management [15], this study considers utilizing urban 
waste in agriculture in a system that consists of the three main components, including (i) system 
elements—stages in the organic waste management process: waste separation and collection; 
composting and compost use in agriculture; (ii) aspects—technical, economic, social, institutional, 
and legal; and (iii) stakeholders—participants in MSW management process. These stakeholders, in 
many ways, influence various system elements (waste generation and separation, composting, use 
of compost) through environmental, financial, institutional, legal, and social aspects. Bringing 
different stakeholders together in the decision-making process is vital. However, very little attention 
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Based on integrated sustainable waste management [15], this study considers utilizing urban
waste in agriculture in a system that consists of the three main components, including (i) system
elements—stages in the organic waste management process: waste separation and collection;
composting and compost use in agriculture; (ii) aspects—technical, economic, social, institutional,
and legal; and (iii) stakeholders—participants in MSW management process. These stakeholders, in
many ways, influence various system elements (waste generation and separation, composting, use of
compost) through environmental, financial, institutional, legal, and social aspects. Bringing different
stakeholders together in the decision-making process is vital. However, very little attention has been
given to the stakeholders’ characteristics, their relationships, and how they influence one another.
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Only by understanding the nature of their interest and inter-relationships can these stakeholders be
effectively involved in the system.

To assess the participation of stakeholders in the management of resources and environmental
and public administration, stakeholder analysis (SA) is widely used and has proven to be an effective
method [27,32,33]. The set of tools included in SA helps to collect qualitative data and generates a
general understanding of “a system, and for assessing the impacts of changes to that system, by means
of identifying the key stakeholders and assessing their respective interests” [34] (p. 1). Furthermore,
“the purpose of stakeholder analysis is to indicate whose interests should be taken into account when
making a decision” [35] (p. 1). While it was used originally in management science to address the
interests of business stakeholders, this method has now become increasingly popular in analyzing the
complex situations in environment and resource management, because it helps us to understand the
systems and thus propose necessary changes [36]. In the field of waste management, this method has
been employed in various studies to assess the level of knowledge, awareness, interest, and the roles of
relevant stakeholders. For example, Snel and Ali [37] applied SA to examine stakeholder participation
in local waste management systems in Pakistan and India. In Vietnam, SA has been employed to
identify the constraints to the success of rural sanitation promotion campaigns [38]. Zurbrugg [39]
utilized SA to indicate that the cooperatives and microenterprises engaged in primary waste collection
are considered an important element of the waste management process in Managua.

While SA seems to be a strong qualitative tool that helps to understand the interests and
characteristics of stakeholders, it has limitations in assessing the relations and interactions among
them. Social network analysis (SNA) offers a solution to this, because it allows for a systematic analysis
of relationships, which, according to Wasserman and Faust [40], are important among these multilevel
players. By definition, SNA is “a research technique that focuses on identifying and comparing the
relationships within and between individuals, groups, and systems in order to model the real world
interactions at the heart of organizational knowledge and learning processes” [41] (p. 25). SNA has been
developed, on the basis of a set of well-proven methods and theories, to contribute to the formulation
of quantitative measures of many qualitative concepts that have long been used in the study of
society, such as fragmentation, reciprocity, interaction, hierarchy, and cooperation [40,42]. This method
has recently been extensively applied in studies about natural resource management and public
governance issues [43–45]. For instance, Stein et al. [46] used SNA to map out the social complexity that
underpins water resource governance in the Mkindo catchment, Tanzania. Cohen et al. [47] examined
a governance network involved in adaptive co-management of coastal ecosystems in the Solomon
Islands to indicate that that geographic, logistical, and institutional barriers to cross-scale coordination
and learning might hamper coordination and learning among management actors. Hauck et al. [48]
applied social network analysis to understand the stakeholders’ engagement in agriculture biodiversity
governance at the local and regional level.

In the last few years, an important methodological trend has developed rapidly to integrate
qualitative and quantitative research methods, that is, to employ a “mixed methods” approach [49,50].
In line with this trend, several studies have combined SA and SNA to investigate not only stakeholders’
characteristics but also their interactions that help to enhance the co-management processes in
environmental and resources management [44,51]. For instance, Lienert et al. [27] demonstrated
the added value of combining SA and SNA in examining infrastructure planning in the Swiss water
sector. In the field of waste management, this methodological approach has recently been applied
by various researchers. For example, Caniato et al. [14] indicated that the integration of SA and SNA
allows for better understanding of actors’ roles and actions, analyzing driving forces and existing
coordination among stakeholders in the On-Nuch infectious waste incinerator in Bangkok, Thailand.
Xu et al. [33] used this approach to investigate how the mechanism of food waste management
functioned in Beijing, China.

In Vietnam, the specific features of each of relevant stakeholder, as well as their interdependence
in their respective local settings, have been under-researched. This study remedies this by employing
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the multilevel governance framework to explain the governing mechanism through which different
types of stakeholders interact with one another and strengthen their roles. More specifically, this study
investigates the perspectives of stakeholders in utilizing municipal organic waste in urban agriculture
by (i) examining what roles stakeholders could play in relation to the system; (ii) investigating how their
knowledge, attitude, interest, power, and alliances can influence the system; and (iii) understanding
how stakeholders representing different levels and sectors are integrated into the co-management
processes of utilizing urban organic waste in agriculture. A combination of stakeholder analysis
and social network analysis was employed to assess these aspects. This methodological approach
allows for the analysis of both the characteristics of the stakeholders and their interrelations in the
system. Based on the results of the baseline study on the features and relations between different
parties, the study creates the potential for strengthening the critical ties among the different parties
in the system. Opportunities for and obstacles against turning organic waste from a burden in the
management of an urban environment into a resource for agricultural production vary from one
country or region to another. One system may function well in this case and yet still fail in another.
This study is conducted to present solutions for one particular locality in a specific set of situations.
However, it is the authors’ hope that the general approach and methodology of this study can be
replicated in similar cities of other developing countries.

2. Methodology

2.1. Study Site

As in most other cities in developing countries, municipal solid waste management has been
a big challenge for Hanoi—the capital and the largest city of Vietnam. Following an administrative
expansion in August 2008, Hanoi now has a total area of 3328.89 km2 and consists of 10 urban
districts,17 suburban districts, and one town (Figure 2) [52]. In recent decades, the combined effects of
changes in lifestyle, burgeoning population, and rapid urbanization have led to a rise in the volume of
municipal solid waste.
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According to Hanoi People’s Committee (HPC) [2], MSW generation in Hanoi was about
5371 tonnes per day in 2010. The central urban areas account for 3200 tonnes of this volume.
The remaining 2171 tonnes were produced in rural areas. This figure is expected to grow rapidly over
the next decades, estimated at 8440 tonnes in 2020 and 11,305 tonnes in 2030 (Table 1).

Table 1. Current and estimated volumes of municipal solid waste (MSW) in Hanoi.

Area 2010 2020 2030 2050

Total volume of MSW generated per day (tonnes/day) 5371 8440 11,305 15,855
Urban area 3200 6374 9161 12,809

Peri-urban and rural areas 2171 2066 2144 3046

(Source: Hanoi People Committee [2]).

Waste in Hanoi, most of which is organic waste (60%) with low caloric values, is characterized by a
significantly higher density and moisture (Table 2). While the waste treatment process relies mainly on
landfill sites, these sites are nearing their limits and thus need to be expanded and have their capacity
enhanced. Meanwhile, the city is confronted with a shortage of available land for constructing landfills.
This is the most urgent and contested issue, given the rise of the NIMBY movement, in which the local
people protested the construction of waste burial grounds immediately adjacent to their houses.

Table 2. The composition of municipal solid waste in Hanoi.

Composition Rate (%)

Organic matter 60.00
Paper 5.40
Plastic 11.00
Metal 0.87
Glass 1.64

Leather, rubber, and timber 2.66
Textile fabric 5.82

Rock and soil, ash, sand, etc. 12.61
Total 100.00

Source: National Annual Report on Environment [1].

Given the current waste situations and the socio-economic conditions of Hanoi, composting has
been regarded as the most appropriate method of treatment, so far, for MSW generated in the city.
However, only 2.5–7% of the total generated waste is currently recycled by composting [53]. In addition,
the consumption of compost, similar to other countries in the region, is not as high as expected for
various reasons, including quality, price, market expansion, and institutional issues [6]. Although the
solid waste taken to the factories to be turned into compost has an organic density of between 60%
and 65%, the amount of post-treatment discharged solid waste that must be buried by the factories
themselves is about 35–40% of the input waste. This is because this solid waste was not separated at the
source [1]. The failure to separate waste at the source leads to a higher operation cost and low-quality
compost, making them unappealing and hardly marketable. Finding a market for compost has been a
critical issue when the compost is discharged rather than applied to agricultural land.

Meanwhile, agricultural production is intimately linked to the overall economic development
of the city, because more than 50% of the population of Hanoi lives in the rural area and relies on
agriculture as the main livelihood. However, the contribution of agriculture to GDP is decreasing and
is much lower than that of other industries and the service sector (Figure 3).



Sustainability 2018, 10, 2314 7 of 32

Sustainability 2018, 10, x FOR PEER REVIEW  7 of 33 

 
 

 
Figure 3. The economic structure of Hanoi between 2000 and 2011 (%). (Source: Hanoi statistical 
Office [52]). 

In agriculture, cultivation is labor-intensive and thus attracts a fair number of workers. In recent 
years, there has been a rapid shift from the production of food to the cultivation of green vegetables 
and orchards, which is becoming more and more lucrative. The planting of flowers and decorative 
plants is also expanding, generating high income for urban farmers. However, excessive use of 
artificial fertilizers and pesticides is causing negative impacts on the environment and human 
health, as well as consumers and producers alike. Unless properly processed, self-made organic 
fertilizers, such as chicken dung, manure, and incubated soybeans, will not only stink but also cause 
environmental pollution [54].  

2.2. Stakeholder Analysis 

Stakeholder analysis is the process of identifying stakeholders, categorizing them, and 
investigating their relationships [32,55]. The identification of stakeholders is often an iterative 
process that uses a wide range of qualitative methods, for example, using expert opinion, focus 
groups, semi-structured interviews, snowball sampling, or a combination of these. During this 
process, relevant stakeholders are continuously added to the study [32]. But, before making such an 
addition and for it to be effective, the aspects and boundaries of the system in question and other 
related issues need to be identified [32,44,56]. Analytical categorizations, which include those using 
levels of interest and power [57], knowledge and attitude, cooperation and competition [58], and 
cooperation and threat [59], are widely used to characterize and classify stakeholders, and such 
analyses typically make use of matrices or Venn diagrams [32]. The power/interest grid [57] is a 
popular method used to classify stakeholders into four categories: players who have both interest 
and significant power; subjects who have an interest but little power; context-setters who have 
power but little interest; and crowds who have both little interest and power. Power/interest grids 
typically help to determine which stakeholders’ interest and/or power base must be improved to 
address the problem at hand, as well as provide suggestions for changing stakeholders’ views [55]. 

Complying with the key methodological steps of stakeholder analysis [32], this study started 
with a secondary document review to understand the context in which utilizing urban organic waste 
management in Hanoi has taken place. Secondary documents, such as legal regulations, national 
annual reports, and Hanoi municipal annual reports on solid waste management, were collected. 
The review of these documents focused on three main elements of the system: (i) waste separation 
and collection; (ii) composting; and (iii) compost use in urban agriculture. The review aimed at 
determining the legal framework and institutions of municipal solid waste in Vietnam and Hanoi, 
which is a basis for identifying stakeholders with their statutory roles in the system. Full texts of the 
collected relevant documents were read through repeatedly to understand the overall picture and to 

Figure 3. The economic structure of Hanoi between 2000 and 2011 (%). (Source: Hanoi statistical
Office [52]).

In agriculture, cultivation is labor-intensive and thus attracts a fair number of workers. In recent
years, there has been a rapid shift from the production of food to the cultivation of green vegetables
and orchards, which is becoming more and more lucrative. The planting of flowers and decorative
plants is also expanding, generating high income for urban farmers. However, excessive use of artificial
fertilizers and pesticides is causing negative impacts on the environment and human health, as well
as consumers and producers alike. Unless properly processed, self-made organic fertilizers, such as
chicken dung, manure, and incubated soybeans, will not only stink but also cause environmental
pollution [54].

2.2. Stakeholder Analysis

Stakeholder analysis is the process of identifying stakeholders, categorizing them,
and investigating their relationships [32,55]. The identification of stakeholders is often an iterative
process that uses a wide range of qualitative methods, for example, using expert opinion, focus groups,
semi-structured interviews, snowball sampling, or a combination of these. During this process,
relevant stakeholders are continuously added to the study [32]. But, before making such an addition
and for it to be effective, the aspects and boundaries of the system in question and other related issues
need to be identified [32,44,56]. Analytical categorizations, which include those using levels of interest
and power [57], knowledge and attitude, cooperation and competition [58], and cooperation and
threat [59], are widely used to characterize and classify stakeholders, and such analyses typically
make use of matrices or Venn diagrams [32]. The power/interest grid [57] is a popular method used
to classify stakeholders into four categories: players who have both interest and significant power;
subjects who have an interest but little power; context-setters who have power but little interest;
and crowds who have both little interest and power. Power/interest grids typically help to determine
which stakeholders’ interest and/or power base must be improved to address the problem at hand,
as well as provide suggestions for changing stakeholders’ views [55].

Complying with the key methodological steps of stakeholder analysis [32], this study started
with a secondary document review to understand the context in which utilizing urban organic waste
management in Hanoi has taken place. Secondary documents, such as legal regulations, national
annual reports, and Hanoi municipal annual reports on solid waste management, were collected.
The review of these documents focused on three main elements of the system: (i) waste separation and
collection; (ii) composting; and (iii) compost use in urban agriculture. The review aimed at determining
the legal framework and institutions of municipal solid waste in Vietnam and Hanoi, which is a basis
for identifying stakeholders with their statutory roles in the system. Full texts of the collected relevant
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documents were read through repeatedly to understand the overall picture and to get information
about specific responsibilities and coordination among stakeholders under the regulations.

Based on the review of such documents, this study then selected respondents along the vertical
axis from the national level to the local level. The respondents were also chosen along the horizontal
axis, covering different sectors, including administration and politics, specialized agencies in solid
waste management, state management agencies in the field of agriculture, waste services companies,
the general public, residents, local farmers, civil society organizations, and academics. An open list
of 15 stakeholders was initially suggested in the semi-structured interview stage. The interviewees
were asked to confirm the relevance of the suggested stakeholders and to carefully think about
who is not but should be on the list [14]. Thus, the stakeholder list, which ultimately featured 21
stakeholders, was continuously updated with new entries, identified by the stakeholders themselves
during interviews. The number of respondents for each category of stakeholders is shown in Table 3.

Table 3. Number of respondents by stakeholder category.

Category Stakeholders Number of
Respondents

Governmental
authority

I. National level
1.Vietnam Environment Agency (VEA) 1
2.Technical Infrastructure Agency (TIA) 1
3. Cultivation Department (CD) 1

II. Municipal level
4. Hanoi People Committee (HPC) 1
5. Department of Construction (DOC) 1
6. Department of Natural Resource and Environment (DONRE) 1
7. Department of Agriculture and Rural Development (DARD) 1
8. Hanoi Agricultural Extension Station (AES) 1

III. District and ward level
9. People’s Committee of District (PCDs) 3
10.People’s Committee of Ward (PCWs) 3
11. Divisions of Agriculture at districts (DADs) 3

Enterprise

12.Hanoi Urban Environment Company (HURENCO) 1
13.Cau Dien Composting Plant (CDCP) 1
14.Socialization Units (SUs)—Private entreprise 3
15.Agricultural Cooperatives (ACs) 3
16.Agricultural Inputs Stores (AISs) 3

Academia 17. Academia and research institutions 3

Civil Society

18.Civil Society Organizations (CSOs) 3
19. Media 1
20. Local community (residents) 3
21. Hanoi farmers 3

Total 41

The respondents were first asked to state their main interest, power, knowledge, and attitude
towards the use of urban waste in urban agriculture through composting in Hanoi. The interviewees
were then requested to give a score on these topics using a Likert scale (1–10) (Table 4). After interviews
with all stakeholders were completed, data were categorized according to the inquired questions
and the issues that emerged from the interviews. The categorization was assigned to the following
main issues: (i) stakeholders’ roles; (ii) their interests and power; (iii) their knowledge and attitude;
and (iv) existing alliances. Microsoft Excel was used to organize data and construct matrices of
knowledge versus attitude and interest versus power.
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Table 4. Main topics of inquiries and scoring method to evaluate stakeholders’ opinion.

Topics Value Scale and Scoring

Knowledge—the level of understanding about the current
utilizing of municipal organic waste through composting

Low knowledge (1–2.9)
Medium (3–6.9)
High (7–10)

Interest—the interest the stakeholder has in utilizing urban
waste in urban agriculture through composting

No or minimum interest (1–1.9)
Limited interest (2–3.9)
General interest (4–5.9)
High interest (6–7.9)
Primary interest (8–10)

Attitude—Stakeholder’s opinion about the system

Very negative (1–1.9)
Negative (2–3.9)
Neutral (4–5.9)
Positive (6–7.9)
Very positive (8–10)

Power—the ability of stakeholders to provide sufficient
resources or their ability to acquire resources in case they
do not have enough

Low (1–2.9)
Medium (3–6.9)
High (7–10)

Coordination—the level of coordination between the
stakeholder and others

Weak (1–3.9)
Medium (4–6.9)
Close (7–10)

Interaction—Regularity of contacts between the
stakeholder and others in the system

Rare interaction
Quite frequent interaction
Frequent interaction

2.3. Social Network Analysis (SNA)

Social networks are defined as a set of nodes (or actors) that are tied by one or more types
of relations [40]. Social network analysis (SNA) is the process of mapping these relationships and
analyzing the structure of the network and the influence of different actors. Instead of focusing on
individuals and their attributes, as is usually done in conventional methods, SNA centers on the
relations between individuals, groups, or social institutions [60]. The interconnectedness of actors in
social networks, therefore, has been a central focus of SNA. One of the major measures for quantifying
actors’ interconnectedness within social networks is centrality. The two centrality measures most
widely used are degree centrality and betweenness centrality.

Degree centrality refers to how many direct connections a stakeholder has to others within the
network [40,61]. This measure is valuable in identifying the actors who are likely to hold the most
information or those who can quickly connect with other actors in the network. Thanks to the variety
of connections they have, evidenced by their high degree centrality scores, certain stakeholders can be
entrusted with the dissemination of information and mobilization of the group to action [44].

Betweenness centrality measures the number of times a node/actor lies on the shortest path
between other actors [40,61]. This measure shows which actors act as ‘bridges’ between actors in a
network. Thus, betweenness centrality helps to determine the node that controls the information
among other nodes via connecting [44]. Lienert et al. [27] indicated that an actor with high betweenness
centrality can thus act as a gatekeeper or mediator, without which the network would fall apart.

A total of 41 respondents representing the 21 above-mentioned stakeholders were interviewed
(Table 3) using a semi-structured questionnaire. The design of the questionnaire, grounded on various
scholarly works (see for example [14,27,55]), was developed to meet the required assessment of the
stakeholders’ involvement in utilizing urban solid waste in urban agriculture through composting
in the specific case of Hanoi, Vietnam. The inquired main questions included the stakeholder’s roles
in the system, knowledge about the system, attitude towards it, level of interest, the presence of
alliances related to the functioning of the system, and available resources attributed to the system.
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Also, the respondents were asked to evaluate the level of coordination between themselves and other
stakeholders in the network. A score description of the main questions is shown in (Table 4). Data were
then processed with UCINET software [62] to produce graphic representations and calculate the
indicators of centrality.

3. Results

3.1. Overview of Strategies for Recycling Municipal Organic Waste through Composting in Hanoi

The Vietnamese government approved the amended Law on Environment in 2005, which added
14 provisions to promote the Reduce-Reuse-Recycle (3R) initiative. One noteworthy adjustment in the
2005 Law on Environment is the government’s encouragement of the private sector’s involvement in
the provision of waste recycling services. For example, organizations and individuals that invest in the
building of waste recycling facilities shall be entitled to preferential treatments of tax, credit, and land
use given by the state for constructing waste recycling facilities. The Vietnam Law on Environmental
Protection also states that advanced technologies for converting wastes into new materials and energy
shall be encouraged, and the minimization of solid waste quantity to be disposed of in landfill sites
will be a central part of waste management policy for Vietnam.

In December 2009, the National Strategy for Integrated Management of Solid Wastes until 2025
and Vision Towards 2050 was issued. The overall objective of the strategy was, on the one hand,
to manage solid wastes in an integrated manner to prevent or minimize the generation of wastes at
source and, on the other hand, to promote reuse and recycling so that the amount of buried waste can
be reduced. By 2025, 100% of the urban areas will have implemented household-based separation and
recycling facilities for solid wastes that have been separated. Moreover, 100% of the total amount of
generated urban solid waste will have been collected and processed in an environmentally friendly
manner. This means that 90% should be recycled or reused for recovery of energy or production of
organic fertilizers

At the city level, the municipal People’s Committee of Hanoi exercised integrated management
over the collection, transportation, and treatment of solid wastes in the city. Between 2006 and 2009,
in the framework of the 3R (Reduce, Reuse, Recycle) program, which is financially and technically
supported by the Japan International Cooperation Agency (JICA), the solid waste management
authority, Hanoi City Urban Environmental Company (HURENCO), implemented a project of waste
separation at the source and recycling of biodegradable waste in the four most central wards of the city,
namely Lang Ha, Thanh Cong, Nguyen Du, and Phan Chu Trinh. At the beginning of the program,
each household was given two types of free waste bins: an orange-colored bin for non-compostable
wastes and a green-colored bin for compostable wastes. After separation, wastes were taken to Cau
Dien Composting Plant to produce compost. The project was evaluated as successful in raising the
awareness of citizens and significantly increasing the rate of composted organic wastes, from 7 to
30% [53]. In addition, some other pilot programs of waste separation in smaller communities have been
organized in the suburban districts of the city. However, these programs are generally unsustainable.
The reason is that although they remain in operation on paper, only a small number of households
have continued to separate their wastes after funding for the project ran out [1].

Composting is identified as a suitable choice, given the current waste situations and
socio-economic conditions of Hanoi. However, after the project concluded, the amount of recycled
waste through composting remains very limited, accounting for only 2.5% of the daily household waste
in the city. Currently, Cau Dien Composting Plant is the main factory chosen to perform household
solid waste treatment for the metropolitan areas of the city. This plant, which was built in 1992 with a
starting capacity of 30,000 tonnes of waste a year, is under the management of HURENCO. In 2002,
the factory was upgraded with official development assistance (ODA) from the Spanish Government,
with a treatment capacity of 50,000 tonnes of waste a year to produce 13,260 tonnes of compost
fertilizer. Although it was designed for 140 tonnes of waste/day, the factory currently can only receive
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35–40 tonnes/day, working at 25–30% of its designed capacity, because the products it makes are not
really marketable. The more the factory produces, the greater the loss it suffers, forcing it to operate on
a very limited basis [2]. Apart from Cau Dien factory, which serves the central districts, Hanoi also has
a smaller-scale plant—Kieu Ky Composting Plant—tasked with the treatment of organic waste in the
suburban districts of the city. However, this factory also operates only at about 27–30% of its originally
designed capacity.

It is estimated that the volume of municipal solid waste in Hanoi that must be processed by 2020
and 2030 will have totaled 8500 tonnes/day and 11,300 tonnes/day, respectively [2]. Because of the
urgent need to cope with these problems, Hanoi authorities have adopted the Plan of Solid Waste
Treatment to 2030 with a Vision to 2050, which has been approved by the Prime Minister following
Decision No. 609/QD-TTg in 2014. The promulgation of the plan aimed at minimizing the generation
of solid waste right at the source while promoting reuse and recycling to ease the burden on dumping
sites. It was also expected to meet the demand of the city’s phase-specific collection, transportation,
and treatment of waste. According to the planning, solid waste separated at the source will be in
three categories: organic solid waste (vegetables, fruits, leftovers), recyclable inorganic waste (paper,
plastic, metals), and other remaining solid waste. The collection and treatment processes must employ
appropriate, advanced technology, especially in making compost from organic wastes, collecting
energy via incineration, recycling inorganic solid wastes, and burying the remaining types of wastes
properly. Also, according to the plan, Hanoi will have 17 concentrated waste treatment sites (Figure 4),
eight of which will be extended and upgraded from existing sites, while the remaining nine will be
new. As these 15 waste treatment facilities all have their own areas for compost production [2], there is
a growing need to find markets for compost produced therein.

3.2. Identification of Stakeholders and Their Characteristics

The analysis of relevant reports and data collected from stakeholder interviews shows that there is
a wide range of stakeholders who have been involved in, or should be involved in, municipal organic
waste management in Hanoi. Applying the power–interest matrix proposed by Bryson et al. [55],
this study categorizes these relevant stakeholders into four groups according to their power and
interest, which were traced from the stakeholder interviews (Figure 5), as follows:

- Players: those having both significant interest and substantial power. This group consists of Hanoi
People’s Committee (HPC), Vietnam Environmental Agency (VEA), Technical Infrastructure
Agency (TIA), Department of Natural Resources and Environment (DONRE), Department of
Construction (DOC), and Hanoi Urban Environment Company (HURENCO).

- Subjects: those having an interest but little power. This group includes Cau Dien Composting
Plant (CDCP); People’s Committee of Districts (PCDs), People’s Committee of Wards (PCWs),
academia, local farmers, and local citizens (Figure 5).

- Context-setters: those having power but little interest. This group consists of socialization units
(SUs) or private waste service providers, Cultivation Department (CD), Department of Agriculture
and Rural Development (DARD), and Hanoi Agricultural Extension Station (AES).

- Crowd: those having both little interest and little power. This group consists of civil society
organizations (CSOs), Divisions of Agriculture at Districts (DADs), agricultural cooperatives
(ACs), agricultural inputs stores (AISs), and the media (Figure 5).
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3.2.1. Governmental Authorities

Most governmental authorities are segmented into the key players group, which has both
significant interest and substantial power in MSW management (Figure 5). Hanoi People’s Committee
(HPC) is clearly a key actor in the system that has the highest power and interest in the MSW
management of Hanoi. HPC is responsible for issuing specific regulations and strategic planning for
MSW management in Hanoi and providing the infrastructure, human, and financial resources. Vietnam
Environment Administration (VEA) is a subsidiary body under the Ministry of Natural Resources and
Environment (MONRE). With the statutory roles of a national authority, VEA belongs to the player
group (Figure 5); its concerns relate significantly to the aspects of environmental pollution caused
by MSW. Likewise, Technical Infrastructure Agency (TIA), which is affiliated with the Ministry of
Construction (MOC), has the power to oversee and regulate practices in building the infrastructures for
the implementation of waste separation and collection, as well as the construction of composting plans.

The Department of Construction (DOC) is an agency of MOC, operating under the instruction of
both HPC and MOC. Regarding MSW management, DOC is mainly responsible for implementing
regulations of state management on municipal solid waste management for Hanoi, including waste
separation, waste collection, waste transportation, and waste treatment. The Department of Natural
Resources and Environmental (DONRE) is an agency of MONRE, operating at the municipal level.
DONRE plays an important role in waste management with respect to monitoring environmental
quality and appraising environmental impacts for waste treatment facilities, including composting
plants. DONRE is concerned with the pollution caused by the generation of solid waste and measures
to avoid it. With significant interest and substantial power, DOC and DONRE are segmented into the
key players group.

Agricultural management agencies, such as the Cultivation Department (CD), Hanoi Department
of Agriculture and Rural Development (DARD), and Hanoi Agricultural Extension Station (AES),
which belong to the context-setter group, have high power but little interest. They are responsible for
agricultural development and management, of which fertilizer management is one task. CD, DARD,
and AES clearly demonstrate their important roles in promoting and overseeing the use of MSW
compost in the urban agricultural interface of Hanoi (Figure 5). However, stakeholder interviews
with these agencies show that so far, they have not really been interested in promoting the application
of MSW compost in the farming systems. The main reason, they said, was that currently, compost
production is not stable, aggravated by low quality and excessive contaminants (Figure 6).
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People’s Committee of Districts (PCDs) and People’s Committee of Wards (PCWs) respectively
are the local authorities at the district and community levels. They are highly interested in measures to
solve the increasing problems caused by MSW at their localities. However, semi-structure interviews
with them indicate that they lack the human and financial resources to have direct influence on the
performance of the system (Figure 5).

There is a difference in the knowledge and attitude of the policy-setting groups (HPC and
governmental authorities) and the policy-affected groups (entrepreneurs, local communities,
civil society organizations) (Figure 6). HPC and the regulatory governmental authorities are the
group that acquires a fairly complete knowledge. During the interviews, their responses showed that
they know well the elements, operations, and actors, as well as the challenges and potentials of the
urban organic waste management system. With complete knowledge and a high level of power in the
decision-making processes, their attitudes towards utilizing urban waste in agriculture are generally
very positive (Figure 6).

3.2.2. Enterprises

Hanoi Urban Environment Company (HURENCO) is the only state company taking charge
of waste collection, transportation, and treatment in urban districts of Hanoi city. By assignment,
HURENCO is the owner of Cau Dien Composting plant—currently the biggest composting plant of
Hanoi. Thus, HURENCO has a substantial interest in utilizing municipal organic waste in agriculture.
However, as HURENCO is subsidized by the state budget to provide public services, it completely
relies on HPC with respect to financial resources and organizational structures.

Cau Dien Composting Plant (CDCP) is a centralized plant, managed by HURENCO.
CDCP operates the composting plant and is keen to reduce the level of environmental pollution of
organic waste generated in the inner districts of Hanoi. Thus, its interest in utilizing municipal organic
waste through composting is significantly high. However, CDCP’s power is limited by its dependence
on HURENCO and HPC for its financial resources, technology, and organizational structure (Figure 5).
Recently, CDCP has been facing many difficulties in maintaining its operation. It should be noted
that most of its machinery was imported from overseas at very high prices, and although the factory
has not operated to its full capacity, the damaging effects of Vietnam’s climate cause many machines
to break down easily, while the cost of replacement and repair requires vast technical and financial
support. According to the vice-director of the plant: Our company is running serious losses. The more
we produce, the greater the loss is. The sale of compost is too low, mainly because its quality is
not satisfactory due to failure to separate wastes at source. In addition, the unstable functioning of
the machinery which results from inadequate maintenance or replacement further compounds the
problem Besides, according to HURENCO, there have been no government subsidies to incentivize
the recycling of organic wastes by the factory. The government has not calculated properly the cost
that goes into the treatment of the volume of waste taken to the factory on a daily basis. Nor have
there been any policies to encourage or support the farmers when they use compost made by Cau
Dien Composting Plant.

‘Socialization’ of solid waste management is the term specifically used in Vietnam to indicate the
participation of the private sector in the management of municipal solid waste. The socialization units
(SUs) have advantages in terms of capital, technology, and human resources, which would give them
significant power to influence the general system of waste management in Hanoi (Figure 5). Currently,
however, most SUs are only providing solid waste collection services. They are neutral toward closing
the loop of MSW in urban agriculture (Figure 6) and dismiss compost production as an unprofitable
investment. In addition, they said that special supports from the municipality regarding land, taxes,
credit, and market for private enterprises investing in composting remain unclear.

Agricultural cooperatives (ACs) provide multiple services to farm households, such as irrigation,
fertilizers, varieties, and field protection services. They are also actively supporting agricultural
extension services to farmers (e.g., application of new fertilizers, high-yielding varieties, and animal
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husbandry). Meanwhile, agricultural inputs stores (AISs) are private stores that specialize in selling
agriculture-serving materials, such as fertilizers, plant varieties, pesticides, and so forth, in different
localities in Hanoi. ACs and AISs have the advantage of close contacts with their clients/farmers.
Thus, they could be potential active actors in promoting the use of MSW compost.

3.2.3. Academia and Research

Academics and research institutions, such as Vietnam National University of Agriculture, Vietnam
Rural-Urban Planning Institute, and Vietnam Academy of Science and Technology, play a role in
developing the system of urban organic waste management in Hanoi. Stakeholder interviews showed
that academics and research institutes may not have direct decision-making power, but their views and
recommendations could indirectly shape MSW management system in Hanoi, especially for medium-
and long-term decisions.

3.2.4. Civil Society

Civil society organizations (CSOs), which have participated in local waste management in Hanoi,
are mainly mass organizations, such as the Women’s Union, Youth Union, Farmers’ Union, and so on.
When Hanoi implemented a pilot of waste separation at the source between 2006 and 2009, the extensive
networks of these CSOs played a key and effective role at the community level in improving local
residents’ awareness of the importance of waste separation, as well as educating people to separate their
household wastes properly. However, interviews with the leaders of these CSOs showed difficulties in
the implementation of pilot waste separation at the source, primarily because of the low awareness
and self-interested behaviors of the residents, coupled with the lack of effective regulations from the
government. They remarked: “We can’t afford to rely solely on the people’s awareness and common
sense. There need to be specific regulations and fines to force them into separating wastes at source”.
In fact, CSOs have limited interest and power to influence the system of MSW management in Hanoi,
because solid waste management is not part of their regular duties. They lack both the financial and
the human resources to maintain their support of household waste management, because the funding
from the pilot projects ran out (Figures 5 and 6).

Local residents are interested in the implementation of the recycling of urban organic waste
through composting (Figure 5). This is supported by a recent study by Nguyen et al. [63],
which indicated that Hanoi residents showed a positive response to the separation of waste at the
source. However, some of them who were participants in the pilot project of waste separation expressed
an indifferent attitude (Figure 6). They did not believe that the government has had a systematic plan
and process for recycling separated waste. Very often, the local people responded as follows: “If other
people do not separate their wastes, then why should I?” or “Why should I separate my wastes if the
authorities then merge the separated wastes all together in the same waste trucks again?”

Notably, stakeholder interviews with local farmers indicated that they were unequivocally in
favor of utilizing urban organic waste in urban agriculture (Figure 6). Farmers reported that soil-inputs
derived from organic matters, especially manure (pig and chicken manure) were applied by most
farmers. However, presently, manure has become inadequate. Therefore, they expect that urban waste
with high contents of organic matters could be a valuable soil amendment. This finding is strongly
supported by the research carried out by Nguyen [64], which indicates that Hanoi farmers have a
positive reaction towards compost product, evidenced by the fact that most of them are willing to buy
compost if it is sold locally at a price that is similar to the price of poultry manure. However, during
stakeholder interviews, farmers demonstrated concerns that compost may have low quality with a lot
of contaminants (glass, weed germs, and heavy metals) that would harm their crops. They also stated
that very few of them have experience with MSW compost, nor do they have any idea of where to buy
it (Figure 6).
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3.3. Network Analysis

3.3.1. Degree Centrality

The involvement of a stakeholder in the system was assessed via its connectivity to others.
The structural importance of an actor is mostly assessed through degree centrality, which takes into
account the ties that an actor shares directly with other actors [27].

DOC and DORNE have the highest degree centrality values (Table 5), with many strong ties to all
the governmental bodies (HPC, DARD, VEA, TIA) and the enterprise sector (HURENCO, SUs) in the
network (Figure 7). With the high values of degree centrality, these actors have better and more direct
access to information and thus play important roles in operating the system. However, the current
link between DOC and DONRE, as well as the alliance between these two agencies with other actors,
focused only on the waste collection and disposal processes. HURENCO, with the role of a state
enterprise, is central, given its strong ties to HPC, DOC, and Cau Dien Composting Plant. HURENCO
also works closely with PCDs and PCWs when it is providing solid waste services (Figure 7, Table 5).
Compared with HURENCO, private enterprises (SUs) are not as directly connected to others in the
network (Figure 7, Table 5). Interviews with managers of SUs indicate that they do not have any
cooperation with other stakeholders with regard to the utilization of urban wastes in urban agriculture.
They are sub-contracted or employed with the basic mandate of collecting waste from residential
households, clearing the waste off the streets, and transporting it to designated dumpsites. Their sole
interest is in doing the tasks they are paid to do as specified in their contracts.

Table 5. The importance of stakeholders based on degree centrality measure.

Stakeholders Degree Centrality

Name of Stakeholders Abbreviations Value Rank

Department of Construction DOC 9.000 1
Department of Natural Resource and Environment DONRE 9.000 2

Hanoi People Committee HPC 7.000 3
Hanoi Urban Environment Company HURENCO 7.000 4

Department of Agriculture and Rural Development DARD 7.000 5
People’s Committee of District PCDs 6.000 6

Divisions of Agriculture at districts DADs 6.000 7
People’s Committee of Ward PCWs 5.000 8

Agricultural Cooperatives ACs 5.000 9
Hanoi Agricultural Extension Station AES 5.000 10

Farmers 5.000 11
Vietnam Environment Agency VEA 4.000 12
Cau Dien Composting Plant CDCP 4.000 13
Civil Society Organizations CSOs 4.000 14

Socialization Units SUs 4.000 15
Media 4.000 16

Cultivation Department CD 3.000 17
Technical Infrastructure Agency TIA 3.000 18

Agricultural Inputs Stores AISs 3.000 19
Academia 2.000 20

Local community (residents) 2.000 21

In its capacity as a compost-producing company, Cau Dien Composting Plant should play a
central role in the system. However, the plant is not well-connected with other actors in the network,
and its current cooperation with several other actors is not significant either (Figure 7). Moreover,
the academics are not well-positioned in the network and are the least directly connected to others,
with only tenuous links to some specialized agencies (CD, VEA). Lastly, the local community and
farmers, who decide whether or not waste are separated and if compost is to be used as a soil
amendment, are, in fact, isolated (Figure 7, Table 5).
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3.3.2. Betweenness Centrality

The importance of relational patterns among actors in the network can be assessed through
betweenness centrality that calculates the total number of times an actor is on the path between two
nodes that are not interlinked. An actor with high betweenness centrality can thus act as a mediator,
without which the network would be fragmented [27].

The results of the betweenness centrality analysis presented in Table 6 and Figure 8 largely confirm
the insights gained when assessing degree centrality—two state management bodies, which are
responsible for municipal solid waste management, namely DOC and DORNE, are central in the
overall network and act as mediators to connect other actors.

Table 6. The importance of stakeholders based on betweenness centrality measure.

Stakeholders Betweeness Centrality

Name of Stakeholders Abbreviations Value Rank

Department of Agriculture and Rural Development DARD 58.977 1
Department of Natural Resource and Environment DONRE 33.937 2

People’s Committee of Ward PCWs 25.018 3
Divisions of Agriculture at districts DADs 19.617 4

Civil Society Organizations CSOs 18.411 5
Department of Construction DOC 17.792 6

Hanoi People Committee HPC 17.190 7
Hanoi Urban Environment Company HURENCO 13.821 8

Vietnam Environment Agency VEA 10.708 9
Hanoi Agricultural Extension Station AES 10.375 10

Cultivation Department CD 8.792 11
Agricultural Cooperatives ACs 8.544 12

People’s Committee of District PCDs 7.341 13
Farmers 7.011 14

Cau Dien Composting Plant CDCP 4.254 15
Socialization Units SUs 3.712 16

Academia 2.500 17
Technical Infrastructure Agency TIA 0.000 18

Local community(residents) 0.000 19
Media 0.000 20

Agricultural Inputs Stores AISs 0.000 21

Moreover, it is important to note that DARD has the highest betweenness centrality value.
DARD is the only actor that, on the one hand, approaches or works closely with other actors in the
field of agriculture, such as CD, DADs, ACs, and AES, and, on the other hand, coordinates with other
major actors, such as DONRE, HPC, and Cau Dien Composting Plant (Figure 8). Notably, however,
the coordination between DARD and agencies, such as DONRE and HPC, is not directly related to the
management of urban organic waste. Instead, this coordination is vital to the management of crop
waste that is generated from farming activities in suburban areas of Hanoi. The only direct link that
DARD has (regarding the management of urban organic waste) is its coordination with Cau Dien
Composting Plant in checking, evaluating, and licensing the compost products made by the plant.
This lack of coordination accentuates the fragmentation of the system.
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Moreover, the coordination between different actors in the current system is mainly top-down,
performed vertically from the specialized agencies at the central level (CD, TIA, VEA) to the
departments at the provincial level (DARD, DOC, DONRE). These agencies are under the state
management of the municipal people’s committee (HPC) and are asked to perform specialized
functions at the district level, and from district level down to the community level. There is very little
intersectoral or horizontal coordination performed, apart from some links between DORNE, DOC,
and DARD. However, even these links are usually loose and irregular, as can be seen in Figure 8.
Likewise, with very low betweenness centrality values, SUs, TIA, CD, Cau Dien Composting Plant,
farmers, the media, and the academics are peripheral to, and not embedded in, the network (Table 6
and Figure 8). The findings clearly highlight the horizontal fragmentation across sectors.

3.4. Comparing Systems of Municipal Solid Waste Use in Agriculture through Composting in Hanoi and Other
Asian Countries

While circumstances can vary significantly from one Asian country to another, there are certain
similarities in their municipal solid waste management [65,66]. Increased municipal solid waste,
which is associated with a burgeoning urban population and economic growth, proves challenging
to both developed and developing countries in the region. Waste collection rates remain well below
full-service coverage, despite many Asian cities’ estimated spending of 20–50% of their annual budget
on the management of municipal solid waste [67], for which the composition is usually dominated
by organic waste [4]. The practice of shopping in traditional markets and the importance accorded
to family meals in the vast majority of Asian countries explains the dominance of organic waste in
this region. Composting, therefore, is the most commonly applied method of waste management in
Asian countries, and it is seen in applications that range from household-scale to large, centralized
plants [4,39]. Currently, however, separation at the source is not yet a common practice in Asia and
represents a critical area for improvement [4]. Mixed waste is clearly the main problem related to
organic waste management in the region. To reduce the disposal of organic waste into landfills, various
recycling strategies have been implemented in the region. Not all of them have proved to be successful,
however [68]. This section draws on a comparison between Hanoi and other Asian countries in terms
of organic waste management in order to determine factors influencing the possibility of linking urban
waste to agriculture through composting. The varied practices of composting based on municipal
organic waste management are summarized in Table 7.

Given the nature of solid waste management as a public service, institutional and legislative
support is a precondition for successful performance of MSW management systems [16,39]. The cases
of Taiwan and South Korea both illustrate the critical role of a comprehensive legal framework in
creating a recycling-oriented society. Taiwan’s recycling efforts can be traced back to the Waste
Disposal Act, which was promulgated in 1974 and has since been amended nine times to include very
specific regulations, such as pay by bag collection fee, mandatory MSW sorting, extended producer
responsibility, the 4-in-1 program, and so on [7,69]. Similarly, in South Korea, based on the Waste
Control Act, the government issued effective regulations and policies, such as the volume-based food
waste fee system, mandatory waste separation at the source, and extended producer responsibility,
and so forth. As a result, Taiwan and Korea have had outstanding performances in resource recycling
promotion (Table 7). Meanwhile, in the cases of Hanoi and Bangkok, although there are laws
on environmental protection and national regulations regarding sustainable MSW management,
specific regulations to encourage and enforce stakeholders’ responsibilities for solid waste management
at local levels are generally lacking. As a consequence, these cities are still facing severe problems
due to low stakeholder participation in all the different stages of utilizing urban organic waste in
agriculture. The recycling of mixed waste in the cases of Hanoi, as discussed above, and of Bangkok,
shown in Table 7, has led to low-quality compost, which in turn could increase the operational cost and
worsen marketability problems. This was also a reason for the collapse of many composting plants
throughout the region [4]. The successes in the cases of Taiwan and South Korea in the segregation of
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waste (Table 7) suggest that separation at the source should be mandatory with effective enforcement
measures, such as the refusal to collect unsorted waste and imposing fines on violators. At the same
time, the application of economic incentives, for example, the implementation of the “pay per bag”
scheme in Taiwan for general waste and free-of-charge collection of food waste and recyclables, or the
policy of volume-based food waste fee in South Korea, which means households have to pay for the
quantity of food waste they generate, could facilitate positive changes in household behavior (Table 7).

In addition, technical conditions including technology, equipment, and infrastructure for the
adequate storage and collection of separated wastes, as well as sufficient transportation and recycling
plants (in this case composting plants) also play a decisive role in the performance of the system of
organic waste management in these countries. The realities in Hanoi and Bangkok show that people
soon became discouraged from separation programs upon learning that separated and non-separated
waste are mixed together and carried to dumping sites on the same garbage truck. That is not to
mention the ineffective operations and gradual close-down of many recycling plants [63,70,71] because
of financial reasons. In Taiwan and South Korea, financial conditions are met by the adoption of
the Extended Producer’s Responsibility initiative, which requires producers/enterprises to take
responsibility for the separation, collection, and recycling of their products after consumption.
However, companies do not necessarily have to collect and recycle waste themselves. Instead,
they can pay fees to the Resource Recycling Management Fund, which is then used to promote
the separation, collection, recycling, and burial of waste (Table 7). In addition, South Korea and Taiwan
have applied the polluter pays principle, which forces the person who discharges waste, depending
on the amount, to pay the collection and treatment costs. This scheme helps to increase the funds for
MSW management and, at the same time, motivates people to reduce waste, thus easing the financial
and technical pressure of waste management. Meanwhile, in Vietnam and Thailand, waste collection
and disposal services are paid via flat taxes/fixed charging that are unrelated to the volume of waste
produced. This unfortunately leads to excessive waste generation, as dischargers do not have to pay
for any extra units of waste. More than half of the regional counties’ budgets are spent on urban waste
management, most of which, however, goes to the collection of waste [67].

Also, the practices of Taiwan and South Korea, in the cases presented in Table 7, demonstrate that
consensus and active participation of the relevant stakeholders is critical for success. In these countries,
practices of good governance are reflected by the co-management and negotiation of information
and knowledge within and across levels. In the case of Taiwan, it is clear that various stakeholders,
state and non-state alike, are engaged in the MSW management system. The Taiwan Environmental
Protection Administration (EPA—a cabinet-level executive agency responsible for governing the
environment) and the local EPAs affiliated with it work with municipal administrators, private and
public enterprises, the academia, environmental Non-Governmental Organizations (NGOs), residents,
and other stakeholders to control how waste resources are sorted, reused, and recycled into new
products. Likewise, South Korea has been successful in building consensus among the academia,
relevant institutions, agriculture development agencies, enterprises, and civic groups on food waste
issues (Table 7).
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Table 7. Practice of municipal organic waste management in some Asian countries.

Country/City Performance and Results Stakeholders’ Involvement Source

Taiwan,
China

- 1974: Solid Waste Disposal Act was promulgated.
- 2002: Resource Recycling Act became effective.
- 2005: a compulsory waste separation at the source program was deployed.
- Recyclables and food waste separated by households are collected free of charge.
- Collecting workers have rights to reject the unseparated solid waste.
- Any household that fails to separate waste will be subject to fines ranging

between 1200 and 6000 Taiwanese Dollars.
- A pay-by-bag collection fee system for general wastes was applied.
- Extended Producer’s Responsibility Initiative was started.
- The 4-in-1 program was run.
- The construction of composting plants was subsidized.
- MSW per capita per day decreased from 1.143 to 0.397 kg in 2012.
- The resource recycling rate in Taiwan has increased from 5.88% in 1998 to 53.94%

in 2012.
- Composting food accounts for 28.38% of total food waste recycled in 2014.

Local residents:

- Form community-based recycling organizations.
- Promote separation of waste and recycling.

Recycling Industries:

- Purchase waste resources from the public,
communities, and local government.

Local government:

- Collect and transport separated waste.
- Environmental Protection Administration (EPA)

staff randomly checks residents’ waste bags at
collecting points.

- Instruct people how to sort their wastes properly.
- EPA and its local EPAs have cooperated with

environmental NGOs.

Recycling Fund:

- Get paid by responsible enterprises.
- Use the Fund to subsidize the recycling and

disposal system.

Chen [7];
Chen et al. [29];
Houng et al. [69];
Chen and Chang [72];
Lu et al. [73].
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Table 7. Cont.

Country/City Performance and Results Stakeholders’ Involvement Source

South Korea

- 2005: food waste was banned from landfills.
- 2010: a project of food waste reduction was implemented.
- 2010: mandatory recycling of food waste and the policy of volume-based food

waste fee was implemented, which means households have to pay for the
quantity of food wastes they generate.

- Promoted Extended Producer’s Responsibility.
- Recycling sectors are given capital supports to treat food waste as

productive resources.
- A policy of using compost to replace chemical fertilizers was issued.
- Inspection is carried out twice a year by analyzing 700 samples of MSW compost,

of which 200 samples are randomly selected at production sites.
- The composting of industrial waste and the selling of immature compost are to be

strictly prohibited.
- Practical guidebooks are available to instruct the application of compost to

different farming crops.
- The food waste recycling rate is more than 90%. Of the recycled food waste, 50%

is transformed to compost fertilizers.

- The government: issued laws and specific
regulations; implemented education and publicity
campaigns in collaboration with NGOs; and
established the Food Waste Forum.

- Restaurants, hotels, school, offices, and
households were encouraged to volunteer to
participate in food waste reduction.

- The Rural Development Administration (RDA)
holds the main responsibility for quality
inspection of MSW compost.

- Producers pay a recycling and disposal fee to the
Recycling Fund.

- The consumer bears part of the recycling costs
that are reflected in the price of products.

Um and Lee [74]
Min and Rhee [75];
Lee and Paik [76]

Bangkok,
Thailand

- 1997–2016: The Government implemented an environmentally sound waste
disposal system and improved waste disposal capacity of local
government agencies.

- In 1997, Bangkok Metropolitan Administration (BMA) started the source
segregation program.

- Waste segregation at the source has not been practiced because the collection
system to receive separated waste source for treatment is not well-maintained,
and economic incentives, as well as legal tools, are not significant to adjust
residents’ behaviors.

- 2007–2016: BMA adopted various plans and strategies, such as the
Reduce-Reuse-Recycle (3Rs) program, which improved the waste collection
system and community-based solid waste management. However, these
strategies are not as successful as planned due to limited resources, political
conflicts, and lack of awareness and cooperation from residents.

- Pollution Control Department published a guideline on composting in 2004 to
promote the composting of urban organic waste.

- BMA have signed subcontracts with private companies to operate large-scale
composting plants. However, the composting process affected by mixed waste
resulted in low-quality compost.

- BMA paid more attention to the improvement of
final disposal rather than segregation
and recycling.

- Recycling practices are dominated by informal
participation (waste pickers and tricycle
waste buyers).

- Local government has little interaction
with citizens.

- Mistrust prevents people from practicing source
separation in Bangkok.

- Public participation in source separation and
recycling is low.

Sukholthaman, et al. [77];
Sharp and Sang-Arun [71];
Siriratpiriya [78];
Manomaivibool [70];
Vassanadumrongdee and
Kittipongvises [79]
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4. Discussions

4.1. About the Case Study of Hanoi, Vietnam

Similar to other developing cities in the region, organic waste in Hanoi accounts for the largest
proportion of municipal solid waste. This is increasing rapidly along with higher economic growth and
rapid urbanization. The government of Vietnam has developed an overall legal framework to make
sure that daily waste is separated at the source and organic waste is treated through composting to deal
with the overloaded dumping grounds while reducing greenhouse gas emissions to the environment.
However, this framework does not appear to have worked well in Hanoi. The comparison between
Hanoi and other Asian countries regarding organic waste management suggests that both technical
and non-technical factors, such as institutional and legislative support, as well as financial conditions,
level of interest, and active involvement of stakeholders can determine the effectiveness of the systems
of recycling organic waste through composting. The combination of SA and SNA in this paper helped
to evaluate these non-technical conditions in the case study of Hanoi, Vietnam.

SA indicated that policy-setting groups (governmental authorities and HPC) acquire fairly
significant interest and power, and their attitude towards utilizing MSW in agriculture is generally
very positive. Meanwhile, the policy-affected groups (composting plants, local residents, farmers,
the academia, and civil society organizations) have substantial interest but very little power to have any
influence on the existing system. They were actually judged as potential stakeholders. Similar results
were found in the management of organic waste through composting in Bangkok. On the contrary,
in Taiwan and South Korea, these stakeholders were effectively involved and took part enthusiastically,
in the separation, collection, recycling, and reuse processes (Table 7). SNA showed that hierarchical
governance arrangements dominate MSW management in Hanoi. The national legal framework
for the integrated management of solid waste is being converted into Hanoi’s implementation of
MSW management in a largely top-down manner. This is reflected in the present performance of
Hanoi’s MSW management. The departments at the municipal level (DARD, DOC, and DONRE) are
under the management of Hanoi People’s Committee (HPC) to perform the specialized functions in
MSW management at the municipal level and assign specific duties to the district and community
levels (Figures 7 and 8). At the same time, a combination of SA and SNA revealed that other relevant
stakeholders including the academia, the media, enterprises (CDCP, SUs, ACs, AIs), and the community
level (CSOs, residents, local farmers) were perceived as being less important (Tables 5 and 6) and were
not well embedded in the network. This practice shows a lack of horizontal cooperation among the
sectors at all levels of governance, thus confirming network fragmentation (Figures 7 and 8).

This network fragmentation can be elucidated by data collected from SA. Interviews indicated
that policies and regulations are not devised particularly for the management of organic waste; they
only aim at municipal solid waste in general. As a result, the municipal authorities of Hanoi—HPC
and relevant responsible agencies, such as DOC and DORNE, affiliated with HPC—have done no
more than collect and safely dispose of wastes without any significant efforts to separate and compost
them. While specialized agencies in agricultural production management, such as CD, DARD, AES,
and DADs, are fully aware of the long-term and sustainable benefits of organic matter in urban waste
towards the improvement of farming soil quality, they have not paid sufficient attention to improving,
introducing, and applying compost in agricultural production. Similarly, all businesses, be they public
(HURENCO) or private (SUs), tend to prioritize short-term benefits by focusing on collection and
disposal while usually at the expense of projects for separation and recycling. The lack of legal tools
results in the pursuit of short-term rather than long-term benefits. This finding was strengthened
by the comparison of utilizing urban waste in agriculture between Hanoi and other Asian countries.
The success of Taiwan and South Korea presented in Table 7 indicates that an effective legislation
framework is essential to adjust the behaviors of relevant stakeholders. Conversely, the inadequate
legislations are destructive to the performance of a sustainable municipal solid waste management
system, especially in developing countries [16,80].
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In addition, SA indicated that lack of trust was another reason for the general disinterest and
indifference of many of relevant stakeholders and, consequently, the weak coordination among
stakeholders. Trust among stakeholders can be shattered if parties blame one another for failure.
Interviews indicated that the local authorities blame the people for a lack of common sense, stating that
incorrect disposal of waste remains omnipresent, and old habits are difficult to change. The people,
on their part, complain about the government’s inadequate investment, the lack of governance capacity,
the absence of a strategic plan to carry out separation, and the paucity of a technical infrastructure
to deal with already-separated waste. The state-owned enterprise HURENCO also complains of the
financial constraints and the inadequacies in the management of solid wastes from the central to
local levels. Meanwhile, private companies speak out against the lack of incentives from the local
authorities in terms of land, infrastructure, and capital to support their enterprises; they also mention
the discrimination between the public and private sector in almost all aspects, including administrative
procedures. These results suggest that the interests of one party cannot be achieved without reliance
upon another and lack of trust hinders cooperation. The finding is consistent with previous empirical
evidence that has been found in several studies regarding the relation between trust and cooperation
in solid waste management [63].

Moreover, the results from the interviews with different stakeholders showed that the participation
of private enterprises (SUs) remains extremely limited, both in quantity and scope, and focuses only
on the collection and transportation part of the process while investment in recycling has been
missing. Network analysis showed that SUs were located peripherally with weak ties to other actors.
MSW management clearly lies in a multifaceted space between private and public goods [5]. For the
MSW management to work properly at low cost while still maintaining satisfactory quality, it is
necessary to strengthen the partnership between state and non-state actors, especially the active
involvement of private enterprises [80].

4.2. About the Methodology

A wide variety of tools and approaches have been used for the evaluation of stakeholders’
participation in environmental management [32,81,82]. Previous studies have tended to resort to
purely qualitative methods, such as focus group, semi-structured interview, direct observation,
interest–influence matrices, historical and trend analyses, and so on, to identify stakeholders and
analyze relations among them. Qualitative methods, which use nonnumeric data to understand
stakeholder’s perceptions, experiences, and beliefs, prove to be useful in discovering and identifying
local problems [32,82]. However, qualitative research also has its own limitations [32,81,82].
Therefore, a combination between qualitative and quantitative methods, known also as the mixed
method, is becoming increasingly popular in many scholarly works about environmental resource
management [49,50].

The combination of SA and SNA in this paper offers a typical example of the mixed method
model. The aim of this study is to see how actors representing different levels and sectors are integrated
into the processes of linking urban waste to urban agriculture. Normally, a research problem of this
type can be resolved through the method of stakeholder analysis [32,83]. However, recent evidence in
research on environment or natural resource management has shown that this approach is not always
reliable, especially in assessing the relations among stakeholders that crisscross different levels and
sectors [27,83]. With different actors and sectors taking part in the municipal solid waste management,
there needs to be a method to investigate their relationships. A combination of stakeholder analysis and
social network analysis is useful in investigating such multilevel governance settings. The methodology
applied was appropriate to translate a holistic approach into practice. An already established system
of utilizing urban waste in agriculture was evaluated in a different way with network perspective.

While SA focused on the characteristics of stakeholders, SNA clarified the structure of
relationships between those stakeholders. SNA not only allowed the present study to assess the
stakeholders’ connections by providing the mappings of the network, but also helped to identify
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the structural importance of each stakeholder as well. The network nodes were characterized by
types (government, private company, civil society, media, academia, etc.); the network ties expressing
stakeholders’ coordination levels were evaluated by prompting stakeholders to give scores. Moreover,
this study highlights the role of SA in explaining the limitations of the present network. Weak legislative
framework, distrust, technical and financial constraints, and limited participation of private enterprises
were underscored by SA. These results are crucial in explaining the tenuous connections among
stakeholders and the network fragmentation that were identified by SNA. The combined effects
of qualitative and quantitative analyses appear to help shed more light on the research question
than if used separately. Inferences can become more valid if one set of results can be tested by and
cross-checked with another [14]. However, compared with the single method, this combination also has
weaknesses with regards to budget and time constraints [50]. Moreover, it also requires the researchers
to be competent and skilled in conducting both qualitative and quantitative analyses.

4.3. About Policy Recommendation

The research findings offer a wide range of recommendations for the development of a strategic
plan to encourage the compost-based utilization of municipal solid waste in agriculture. The results
showed a lack of horizontal cooperation among the sectors at all levels of governance, thus confirming
the fragmented nature of the network (Figures 7 and 8). Therefore, a strategic plan for sustainable
management of municipal organic waste should be designed to mobilize the engagement and
contribution of all participants including the central government, municipality, waste management
officials, private and non-private enterprises, agriculture management agencies, local residents,
compost users, the media, and research institutions. At the same time, the strategic plan should
deal with all parts of the system, including waste separation and collection, composting, and compost
use. The following critical aspects need to be taken into account in the process of strategic planning of
organic waste utilization in agriculture in the setting of Hanoi.

The research findings showed that the absence of specific guidelines and regulations for the
operation of the system is the key factor that prevents the stakeholders from fully executing their roles.
In addition, lack of trust was another reason for the tenuous coordination among the stakeholders.
Therefore, top priorities should be given to a legal framework with specific regulations. Moreover,
regulations should be actually enforced and applied consistently and fairly to mobilize effectively
the participation of relevant stakeholders while helping to build trust that is crucial to an improved
cooperation among the stakeholders. As in many other environmental situations, one of the key barriers
to utilizing MSW in agriculture is social dilemma [64,84]. The fundamental question concerning how
defection problems are resolved has been addressed in various studies on common dilemmas in
waste separation and recycling [63,85,86]. Interviews indicated that people will not separate waste
unless they know that other members in the community will also do the same. On the other hand,
when interactions are repeated, the level of cooperation may go up if one believes that those who
violate the regulation will be penalized. In such case, an explicit sanction scheme could be considered
to enhance the level of cooperation and at the same time prevent defection. The use of penalties has
also proved to be effective in the cases of Taiwan and South Korea in increasing the level of household
participation in organic waste recycling programs (Table 7).

It is evident that linking urban waste to agriculture through composting is only feasible if its
end-product, compost, is accepted by farmers who are the end-users. Interviews with Hanoi farmers
suggest that concern about compost’s quality is the main reason for farmers’ propensity to hesitate to
adopt compost. This result is in line with the previous literature, which indicates that farmers typically
tend to avoid taking risks and are reluctant to adopt innovations that have not been time-tested [87,88].
Therefore, on-farm trials would be a helpful policy to demonstrate the advantages of compost, as well
as reassure farmers of the safety and quality of compost. Moreover, insurance policies for farmers
using compost should be considered in the first period of application. There is also a need to establish
specific regulations for compost quality standards to manage its quality and minimize risks for farmers.
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Furthermore, most waste management services (separation, collection, transportation,
and composting) should be regarded as a kind of private goods with preferential treatment in terms of
capital, land, tax, and infrastructure to encourage the private sector (SUs) to invest in all the stages
of separation, collection, and recycling instead of stopping at only collection, as is the case currently.
There needs to be a mechanism to enable composting plants to benefit from the tangible and intangible
contributions they make to the city. An enabling environment for private sector participation in MSW
management can only be created once there has been an established guideline for public–private
partnership (PPP).

In addition, it has also been pointed out in the research that the critical problem of the system is
the heavy financial losses suffered by composting plants due to failure to sell the produced compost.
Regarding the promotion of compost use, the government—particularly specialized agencies in the
field of agricultural management, as they belong to the context-setter group with high betweenness
centrality values (Figures 5 and 8)—need to play a more important role in improving testing quality and
promoting compost application in agricultural systems, thereby developing the market for compost.
Furthermore, it is also necessary for composting plants to work with Hanoi Agricultural Extension
Station (AES), as well as with the network of agricultural cooperatives (ACs) and the network of
agricultural inputs stores to market and sell compost products. Moreover, the cooperation between the
composting plants and fertilizer-producing companies could help solve the problems of quality and
marketing, which in turn will ease the financial constraints for the composting plants [5].

Market solutions for compost, however, can only be viable if compost is produced with good
quality. Therefore, due attention must be paid to the finished compost right from the design stage for
any successful system of compost-based utilization of MSW in agriculture. In the absence of a reliable
method to identify and separate the materials in the mixed waste, it is very difficult to ensure low
contaminant levels, which is essential for the production of good-quality compost. For the time being,
source segregation remains the key to improved performance. To promote source segregation, technical
supports, including improved equipment and infrastructure, need to be provided to facilitate waste
separation through the use of necessary separation facilities, means of transportation, and equipment,
such as waste bins, plastic bags, and so on, in order to remove the practical difficulties confronted by
residents in previous pilot programs. It is also necessary to promote the intermediary role of the media
and the academia in connecting the governmental authorities, waste service providers with the local
residents, farmers, and civil society organizations whose strengthened information exchange can help
raise the awareness and build confidence among different parties in the entire system.

5. Conclusions

Utilizing MSW in agriculture is characterized by complex interactions between different levels
and sectors. This study adopted the approach of multilevel governance to investigate the specific
features of each of these stakeholders, as well as their interdependence in the respective local settings.
A combination of stakeholder analysis and social network analysis was deemed appropriate to evaluate
an already established system of utilizing urban waste in agriculture in Hanoi, Vietnam.

According to the results of SA, stakeholders express a significant interest in recycling MSW
through composting. However, many of them do not have sufficient power to make any changes to the
current system. This imbalance of the power and interest among stakeholders resulted from the fact
that only the local authorities, HPC, together with two specialized agencies affiliated with it (DONRE
and DOC) are tasked with the responsibility of managing MSW in Hanoi, without close coordination
with other stakeholders. Moreover, although the local governmental stakeholders (DOC and DONRE)
are certainly the key players in the system due to high interest, power, and degree of centrality values,
they have only been involved in the collecting, transporting, and disposing of waste without making
substantial efforts in separating and composting it. Meanwhile, the other players, such as agencies
in agricultural production management (CD, DARD, AES), have not paid significant attention to
introducing and promoting compost in agriculture. Moreover, the community level (PCWs, CSOs,
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local residents, and farmers) and the intermediary parties (the academia and media) were only judged
as potential, instead of actual stakeholders. Therefore, incentive policies need to be designed to allow
the potential key players to get involved in the system.

SNA helped to assess the stakeholders’ connections. The analyses of degree and betweenness
centrality values showed that there is a lack of connection among stakeholders. It is critical to see that
the cooperation among the stakeholders is mainly realized in a hierarchical manner without adequate
horizontal interactions, leading to apparent network fragmentation in the system. This fragmentation
can be attributed to the weak legislative framework, lack of trust, financial constraints, and limited
participation of private enterprises, which were identified by SA. Therefore, a legal framework with
specific regulations and guidelines is required. There also needs to be a mechanism to enable non-state
stakeholders (private enterprises, local residents, farmers, CSOs, ACs, etc.) to take responsibility for
operating the system and to benefit from their contributions.

Dynamic economic growth in Asia has been accompanied by a worrying rapid increase in the
volume and complex changes in the composition of waste. The significant presence of organic waste
in the waste stream has represented a constant challenge to all countries in the region. Subsequent
research, therefore, should strive to determine the tendency of generated organic waste in terms of
volume, density, moisture, and calorific value. In addition, it is also necessary to identify the similarities
and differences among regional countries with regard to the technical, financial, institutional, legal,
social, and economic aspects in order to propose a guiding framework for the formulation of sustainable
strategic plans for organic waste management in the region.

This study focuses on composting and assumes it to be a suitable method of organic waste
recycling in a largely agriculture-based economy, such as Vietnam. However, as organic waste has
become a global issue, not only for developing, but also for developed countries, due to increased food
waste [4,10,33]; relying only on recycling does not guarantee a sustainable solution to the problem.
Composting is essentially a principle in the performance of circular economy. The circular economy,
however, is more about preventing than recycling waste. It also attempts to switch from the present
model of production and consumption (take, make, waste) that is discoloring soil and generating
waste at an alarming rate to one that maximizes resource efficiency and minimizes the amount of
natural resources required in production and waste discharged into the environment [31]. For this
shift to take place, we will need the consensus and cooperation of all parties. Therefore, it is necessary
in the current situation to examine factors influencing the awareness and cooperation of stakeholders
in moving away from the old economic model to a circular one. Subsequent research can adopt a
multilevel framework to assess the roles, responsibilities, and the interdependencies of stakeholders
in the realization of a circular economy at the microlevel (producers’ and consumers’ responsibilities
in food production, sale, and consumption), at the meso-level (reuse and recycle organic resources
within eco-industrial parks), or at the macrolevel (circular economy development in cities, provinces,
or regions (e.g., eco-city, collaborative consumption models, or zero-waste programs)).

This study demonstrates that SA and SNA are complementary and together can provide an
effective method to assess and understand the overall system. This approach could be helpful for
assessment at all stages of a project cycle. However, SA and SNA have their own shortcomings in
the sense that they can only create maps of information on an ad hoc basis at one certain point in
time. Therefore, the process of development and the changes in roles, awareness, and attitudes of
stakeholders over time have not been captured [39]. Further research can redress this shortcoming
by amassing information at two different evaluation points: past and present. However, this also
further complicates the interview process, timing, and budgeting issues. In fact, being able to approach
specialized agencies of the city is already a challenge per se.
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