HUNGARIAN AGRICULTURAL ENGINEERING

N° 35/2019 45-58

Published online: http://hae-journals.org/

HU ISSN 0864-7410 (Print) / HU ISSN 2415-9751(Online)
DOI: 10.17676/HAE.2019.35.45

Received: 2019.07.20. - Accepted: 2019.09.10.

PERIODICAL OF THE COMITTEE OF
AGRICULTURAL AND BIOSYSTEM
ENGINEERING OF

THE HUNGARIAN ACADEMY OF SCIENCES
and

SZENT ISTVAN UNIVERSITY

Faculty of Mechanical Engineering

EVALUATION OF MUNICIPAL WASTE MANAGEMENT OPTIONS BY
CIRCULAR PREVENTION TOOLS TO GIVE BETTER WAYS FOR
SUSTAINABLE TRANSITIONS - A CASE STUDY OF HANOI

Author(s):
Hoang Nguyen Huu'? — Phong Nguyen Duc?

Affiliation:

'Szent Istvan University, Faculty of Economics and Social Sciences, Climate Change Economics Research Centre,

2100 Go6dolls, Hungary

2Szent Istvan University, Doctoral School of Management and Business Administration, 2100 G6dollé, Hungary

Email address:

hoang.nguyen.huu@phd.uni-szie.hu; phong.nguyen.duc@phd.uni-szie

Abstract

The transition management approach can help to
improve municipal solid waste management in
individual cities and city regions. The obsolete
technological solutions of waste management cannot
support efficient and sustainable urban waste
management processes. We would like to present a
possible solution to development of the municipal
solid waste management system in a high population
density megapolis, Hanoi (Vietnam). We examined
the development opportunities at three strategic levels
(governmental, enterprise and personal levels). We
have analyzed the system at strategic, tactical,
operational and reflexive levels also, using a
transition matrix. Five development aspects and
technological directions have been identified, and all
of them could be applied at the three decision levels.
We came to the conclusion that intervention is needed
at all three levels. Based on our results, we have made
proposals for the transformation of Hanoi solid waste
management structure in the overall organizational
structure.
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1. Introduction

The purpose of this communication paper is to
transform the municipal solid waste management
system of Hanoi, Vietnam, with transition
management. The novelty of the research is that it

examines the  transformation  possibilities
simultaneously at all three decision levels and
reviews the development directions in a complex
system. It puts forward proposals for transformation
at both the technological and the residential (personal)
level in order to develop a sustainable and efficient
municipal waste management system.

This paper aims to examine the current status of
solid waste management systems in Hanoi and to
study the criteria system in evaluating and selecting
solid waste treatment technologies which are being
applied in the developed countries. On that basis, the
author will apply these criteria in the specific
conditions of Hanoi-the capital of Vietnam to give
some recommendations in selecting suitable
technologies to the local context. We would like to
give a suggestion of circular transition of waste
management system by selecting the circular blocks
which could be help to transform the system more
effectively. We determined the transformable blocks
and each developing points of the system. Finally, we
would like to give a technological and economical
suggestion of municipal solid waste management
system transformation and application to Hanoi,
Vietnam.

Transition management objectives and strategic
levels

The transition management and thinking are
structure-based processes. Progress considering and
the board generally help the depiction and
improvement of practical and persuasive objectives
and stories. Long term objectives are matched with
momentary employable activities experiencing
significant change considering, and executing nearby
and worldwide procedures and their associations into
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the condition winds up conceivable with this
methodology. Besides, it offers rules and guidance on
collecting either auxiliary structures, or collaboration
programs, which can demonstrate productive in
achieving territorial or national objectives set as far
as supportability (Wittmayer et al., 2016). These
objectives are basically either plainly mechanical
advancements, green developments, or atmosphere
neighborly framework improvement ventures.
Thusly, the motor of progress forms is comprised of
development programs, however in these cases,
change thinking additionally requires another,
framework level translation (Kemp et al., 2007). Key
advancement speculations have changed essentially
in the course of the most recent couple of years, but
sadly, the development approaches we as of now use
are primarily reliant on the customarily
acknowledged development hypothesis - the direct
advancement show. In the straight model, the
procedure of development creates the final product of
another item or procedure, which is essentially an
examination result, or a result of the new innovative
arrangement. The fundamental direct successive
systems (Brooks, 1995) of the advancement
procedure are kept up by the improvement of new
innovation. The transition management assumes that
these exercises should offer explicit characteristics as
far as what on-screen characters are sharing
simultaneously, what forms they are interlinked with,
and what sort of item or on the other hand
administration they create, which can make the plan

of explicit framework apparatuses and process
methodologies conceivable. For instance, we could
make reference to evolving partakers (assigning an
objective gathering), characterizing the test in the
particular progress process, the sort of procedures
required for progress, or the utilization of procedure
guideline apparatuses (Wittmayer et al., 2016).

Figure 1. presents the main objective levels of
transitional thinking and development. On the upper
level (Governmental decision level) placed the
overall strategic possibilities, because the law
background and direct / indirect forms of
organizations could control the whole municipal
waste management system. The second (and middle)
level based on the small and medium enterprises.
These companies could organize the technological
parts of waste management. They could collect the
municipal waste amount by new technical solutions
and prepare waste materials to further application or
other utilization. The individual level is the most
important. Although the two other upper level could
control the whole system, the personal thinking is the
basis of the total management process. The transition
management should focus on the change of personal
thinking and attitude. The households could give
more effort to the municipal waste management
success, because they could collect each type of waste
materials separately. Also an important question the
acceptance of technological development by
individual side.

Cevernmental leval

Law regulation
Direct and indirect forms

Enterprise level

[ Technological adaptation ]

Innovation / organization

==

Incividual level
Meusehelds)

Attitude change
Waste collection (households)
Acceptance of technology change

Figure 1. The main levels of transition thinking (Authors’ own construction and edition)

The following table (Table 1) presents the levels of
circularity and sustainability from value 1 to value 5.
The KPI — Key Performance Indicators (which is
presented by Table 1) define key system performance
metrics based on a sustainable Business Model
Canvas results, with five-grade scale. The five-level
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KPI values are based on expert judgement, it is
construed as an objective indicator system. The expert
compilation strives to find the most important
indicators of the conditions for mitigating
environmental externalities. Based on the KPI
structure, the transition management should focus on



the circular concept also. The higher circulating level
of a municipal waste management system results
more effective and sustainable overall operation.
Therefore the information of Table 1 presents the
values and properties of circularity, which should be
combined with the sustainability and economic
structures. By establishing circular levels, it is
possible to transform the system towards the highest

Table 1. The method for transition structure
improvement of municipal waste management
system with Key Performance Indicators — KPI’s
(Authors’ own edition)level of circularity.

Values Circular Properties of
level economic structure
1 Lowest Disposal of waste
circularity
2 Low Recovery
circularity
3 Medium Reusing, recycling
circularity
4 High Upcycling, down
circularity cycling
5 Highest Prevention or zero
circularity waste (Refuse and
reduce)

Structural properties of municipal waste
management in developing countries

The solid waste management system is one of the
main important system in urban development
processes. Municipal solid waste treatment
technologies could be transform by many kind of
special urban properties. The current status of solid
waste management system in Hanoi could not be
utilize efficiently, because the system could not
follow the changes of population and type of each
municipal solid wastes. The habitat of people and the
technological process of waste management causes
problems, which should be solve by transition of
management system.

Solid waste management is also one of the public
management aspects that play an essential role in
grasping opportunities and minimizing urban and
rural difficulties against the negative aspects of
increasing urbanization. This is a universal issue
affecting every single person in the world. Poorly
managed waste has been contaminating the world's
oceans, clogging drains and causing the flood,
transmitting diseases via breeding of vectors,
increasing respiratory issues throughout airborne
particles by burning of waste, harming creatures that
consume waste unknowingly, and affecting economic
development like through reduced tourism [1, 2]. The

amount of waste generated is increasing day by day,
accounting for a large part of the local budget as well
as the government's work in treatment and
significantly affects public health. Waste management
will function as the sole highest funding thing for all
administrations in low-income countries, in which it
contains almost 20 percent of municipal budgets, on
average. In those countries with middle-income, solid
waste management typically accounts for at least 10
percent of municipal funds, while it accounts for
roughly 4 percent in high-income nations [1]. The
cost of waste management will increase 3-4 times in
developing countries from about 20 billion US$ in
2010 to approximately 80 billion US$ in 2025. The
rate of cost increase is higher in lower developed
countries [3].

Developing countries often have inadequate waste
management systems due to lack of financial
resources, weak awareness, inefficient management
systems, and sometimes improper technology
solution applications [4]. Poor collection and disposal
of urban solid waste lead deterioration of
environmental aesthetics, local flooding, land, air, and
water pollution [3, 5]. The consequence of these
problems leads to human health hazards, which can
only be minimized by implementing cost-effective
technical and policy measures [6]. Many technologies
have been introduced to overcome the severe
consequences of poor waste management and human
health risks. According to the hierarchy of waste
management (WM), landfilling is the most used and
worldwide spread method of municipal solid waste
(MSW) disposal [7-11]. Landfills are a potential
source of contamination as well as toxic substances,
which can find their way into the natural
environmental (soil and groundwater) by air
(dispersed compounds) as well as by runoff [8, 12-
15]. The MSW landfill area also releases the odors
consisting of a complex mixture of organic
compounds, hydrogen sulfide (H2S) and ammonia
(NH3) which are the source of annoyance to nearby
urban populations [16, 17]. It is demonstrated that the
impact of the landfill goes outside of the sanitary
security zone, so which may result in the corrosion of
the caliber of drinking water, atmospheric air, sanitary
and hygienic condition of agricultural lands on
adjacent rural regions [18]. Mechanical-biological
Treatment (MBT) for unsorted organic waste is one
of the best technologies for the decomposition of
organic components from the landfilling site can be
done faster [19]. Composting is a method of waste
recycling based on the biological degradation of
organic matter under aerobic conditions, producing
stabilized and sanitized compost products [20]. The
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composting technologies can constitute a viable
alternative for the management of the organic fraction
of MSW in developing countries, due to its simplicity,
quick, and easy implementation [21]. Of all the
recycling methods, composting is recommended due
to its environmental and economic benefits [20]. It
has many environmental benefits, such as reducing
greenhouse gas emissions [22], decreasing leachate
quantities once discarded in landfills [23], and
improving soil quality when used as a soil
amendment [20]. However, when improperly
managed and performed, composting may cause
various environmental issues including the formation
of malodorous or toxic gases [24], bioaerosols [25],
and dust [26], resulting in occupational health risks
or disturbance to nearby residents [27]. Besides these
traditional technologies, waste-to-energy
technologies (WTE-T) are promising technologies,
especially for developing countries, to turn waste into
a useable form of energy [28]. It will play a vital role
in sustainable waste management and mitigation of
environmental issues [29, 30]. These technologies are
generally classified as biological treatment
technologies (or Biochemical process like anaerobic
digestion technologies [31-36]) and thermal treatment
technologies (or Thermochemical process such as
pyrolysis [28, 34, 37], gasification [28, 38-42] and
incineration [28, 34, 43-45] technologies). Solid
waste management is a complex and multi-
dimensional issue [46]. Management of MSW deals
with many factors such as policy and legal
framework, institutional arrangement, appropriate
technology, operations management, financial
management, public participation and awareness, the
action plan for improvement [47, 48]. The key to
successful development is the design of waste
management systems adapted to local needs and
traditions, rather than the selection and transfer of a
single procedure or technology from one country or
region to another [49].

Each country will decide to choose their strategy
for sustainable municipal solid waste management
system based on the specific conditions. Of all tools
which are applied, life cycle assessment (LCA) by
evaluating the environmental performance of
municipal solid waste management system will help
the decision-maker in selecting the best management
strategy with minimum impacts on the environment
[50]. From a life-cycle point of view, a
comprehensive MSW management system includes
all essential operational units from the collection, to
shipping, to treatment, to recycling, and disposal. For
instance, the landfill directive promoted
biodegradable municipal waste (BMW) management
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systems is applied in Austria, Netherlands; economic
instruments including Pay-As-You-Throw (PAYT)
and an organic waste tax are applied in some of the
EU member states; both BMW system and Landfill
Allowance Trading System (LATS) in the United
Kingdom (UK); Green Dot system in Germany [51,
52]. In Asian countries, the municipal waste
management systems are being oriented to
concentrate on sustainability issues; mainly through
the incorporation of 3R (reduce, reuse and recycle)
technologies [47]. The solutions for these countries
are social and technical approaches with social
approaches are changing the public behavior by
improving the community through training, and
encouraging partnerships with decentralized SWM,
and the technical approaches are reducing
biodegradable SW at the source, converting waste to
energy, and using simple technology [53].

The selection and application of such technology
depend upon different factors including the country's
economic condition, priorities, and types of waste
generated [54]. It also is one of the critical
considerations for the success of a waste management
system for a particular town/city. The technologies to
be adopted for MSW management and processing
predominantly depend upon MSW quantity, quality,
and range of variations [55]. However, the efficiency
of a particular technology depends on the criteria for
which it is designed and planned. A wrong choice of
waste processing technology can cause failure of the
entire waste management system leading to lousy
economics and environmental cost. There is much
research conducted in the technologies applied to
process municipal solid waste. However, there is a
lack of attention in the study on how to define the
criteria for choosing the suitable municipal solid
waste technologies in developing countries with the
constraints of financial, institutional, technical, and
decision-making support system.

Hanoi is a special city and is a center of politics,
economy, culture, education, training, science and
technology of Vietnam. With the number of people
around 8 million [56], the volume of generated
municipal solid waste has increased rapidly these
years. Until now, there has been limited progress of
3R goals with only two of nine goals have achieved
some progress while the other related goals are still
far from the desired targets [57].

At present, the municipal solid waste management
system in Hanoi is not effective because of the lack
of the appropriate financial, technical and human
resources, the lack of technical infrastructure for
recycling, collection, and transportation [58]. Solid
waste transfer and disposal and source separation are



not yet implemented throughout the city. Therefore,
building a sustainable solid waste management
system which is suitable for the local conditions is
very important and urgent.

2. Materials and Methods

Transition management of current system

The transition management and circular transformation
methods were applicate to solve the technological
problem of Hanoi municipal waste management
system. We determined the transformable points of
current management system and give the possible
solution of efficient transformation. Table 1 presents
the transformation blocks and parts of management
changes.

We accepted the aftereffects of Loorbach (2010),
which describe four sorts of separated administration
exercises in a societal setting according to the conduct
of the performing artists involved. This can lay out
whether a brought together mediation identifying
with the disguise of externalities is required, or the
backhanded main thrusts of market systems can
prompt an increasingly reasonable working of waste
management.

With these outcomes the supportability estimation
of every one of the elements (key, strategic,
operational and reflexive) and every one of the
structure squares (offer, cost structure and income
streams) were appropriately decided. The outcomes
picked up demonstrated the overwhelming

/" STRATEGIC

Transform the waste
management system on urhan
and governmental level.
Promote the new thinkingto
citizens and apply new
management technologies to
\waste treatment processing. //

i D
OPERATIONAL

Short term activities and every
day decision to organize the
waste management system.
Lstablishing and carrying out

transition experiments.

. J

component and the legislative administration field
where cognizant intercession is needed to quicken the
disguise of externalities by waste management and
process, so as to achieve the most cost-productive and
best social transitions towards the supportable
execution of bond firms, and from which the most
influenced members of this progress can likewise be
specified. To translate our outcomes, illustrative web
charts were utilized in all the four instances of on-
screen characters' conduct.

We would like to present a technological
improvement with transitional management to get the
maximum circularity and totally waste recyclable
system as possible. Value 1 means the linear structure
without any circular options. Value 5 means the
totally circular system. Our aim could be the medium
version, the mostly circular system because the
current technological background with linear
conditions could not give answers to municipal waste
management questions in focus of sustainability and
economic effectivity. With these outcomes the
maintainability estimation of every variables
(strategic, tactical operational and reflexive) and
every one of the structure squares (value proposition,
cost structure and revenue streams) were legitimately
decided. The following figure (Figure 2) presents the
transitional matrix with planned changes of current
municipal waste management system. This
transitional matrix shows the complex structure of
circular transition management thinking of solid
waste management improvement of Hanoi, Vietnam.

/" TACTICAL

This is the company level of
collect, transport and
treatment process of solid
waste materials. Attected
companies need to apply more
advanced management
\\ activity to waste treatment. /

/ REFLEXIVE \

Activities that relate to
evaluation of the existing
situation at the various levels.
Teaching and learning the
know/edge of environmental

\ thinking. J

Figure 2. The transitional matrix of municipal solid waste management on each levels
(Based on Osterwalder, 2004; with Authors’ own modification)
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Choosing improvement directions of
technological background

To be able to select appropriate criteria and
technologies, it is essential to have data on the current
situation of the local solid waste management.
Background data comprise sources of generation,
quantity, and composition of solid waste, the current
status of treatment technology, financial resources,
stakeholder participation, institution framework, and
policies/regulations. From these primary data, it is
possible to identify the challenges and opportunities of
solid waste management systems and from which all
solutions can be identified. Solutions implemented for
solid waste management include management plans
and technological options. Management options include
3Rs (reduce, reuse, and recycling), public-private
partnerships, awareness raising, education and training,
and economic tools. With the change in the pattern of
resource consumption and economic development, this
becomes very important for the reduction and reuse of
resources. Besides, waste can be converted to other
types of resources such as compost, biogas, and energy.
The conversion of waste into other energy sources will
reduce the amount of solid waste to be disposed into the
landfill, which should be the least preferred option in
waste management.

Although many solutions have been applied in solid
waste management, not all of them may be feasible for
adoption. Thus, it is essential to evaluate the
appropriateness of each solution based on the set of
criteria and local conditions as presented in Table 2.

Criteria used for SWM are versatile and dynamic
according to situations and circumstances of solid waste
in each city. This study applies twelve fundamental
management criteria for five operation and utilization
techniques. The twelve criteria are technology
development, types of solid waste, operating scale,
success factors, final products, capital investment,
operating cost, land requirement, needed operating
skills, possible adverse impacts, and contribution to
energy and food security. The five extended SWM
operation and utilization techniques include
composting, anaerobic digestion, mechanical-biological
treatment, landfill, incineration, refuse-derived fuel
(RDF) or solid recovered fuel (SRF), pyrolysis, and
gasification. After conducting the assessment of the
appropriateness of technology, the decision-making
process of appropriate solutions is implemented.

Analyzing the possible points of system
improvement

The current technology options have been evaluated
based on KPI values. Each technology solution has a
value of between 1 and 5, making it clear which
option seems to be the best solution for circularity.
Adaptation of each technological solution is
definitely necessary at the three decision levels
examined (government, enterprise and individual /
households levels also). The transition management
assessment of the applied waste management
methods was carried out with reference to the blocks
described in the transition matrix

Table 2. The impact and influence of criteria on methods of SWM operation
and utilization [19]; with Authors own modifications

£ = 2=

5 g |5
5 § E g Criteria ,%D TI|E " é
SRR 28|22 |8
2 (e o H 25| |2
EESS JHHEE
z £ %E o|<|&[&|S
C1 | VP [Solid waste characteristics 414143 ]|2
C2 | VP [Waste quantity 51413|3]|3
C3 | RS [Compliance with laws 413|432
C4 | RS |Multisector involvement 413[13]2]3
C5 | RS |Public acceptability 4131433
C6 | VP [Possible adverse impacts (environment, society, 51414142

economy)

C7 | VP |Demand for final products 4141343
C8 | CS |Initial investment 413|343
C9 | CS |Operating cost 513]13|3]|3
C10| RS [Time-consuming for the entire process 4141344
Cl1 | CS [Complexity and required amount of raw materials |3 [3 [3 4|3
C12| CS |Wages in each parts of technologies 4131433

Notes: Prevention Values of each criteria’s: from 1 — linear structure; to 5- fully
circularity, based on Table 1. - Values of each circular levels. Abbreviations: VP —
Value proposition; RS - Revenue streams; CS — Cost structure
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3. Results and Discussions

Systematic approaches of waste management
criteria’s

Eleven criteria and five technical alternatives [19] to
manage solid waste are presented in Table 2. This
table describes an overview of solid waste treatment
methods, which has been applied in cities worldwide
and presents how each criterion relates to each solid
waste disposal plan in general. However, to select
suitable criteria for each locality, it is necessary to
quantify by the score for the criteria. Table 2. is used
as support tools for state management agencies in
making appropriate decisions on the selection of solid
waste treatment options to identify possible
(potential) solid waste treatment options for each city
or community. These techniques are paired with
different criteria that can be used as a benchmark for
a solid waste treatment technique. The level of impact
is assessed by the score, scale of each criterion range
from 1 to 5; on which level of circularity is fit for each
methods. Each criterion is attributed to a value based
on its score and presented in the table. From the total
score of each plan, the local government or waste

management units can quickly determine the
technical method of treating solid waste by local
conditions. Therefore, to ensure the effectiveness and
feasibility of a solid waste management system,
responsible state management agencies and
stakeholders need to coordinate and consider all
factors before deciding on the criteria and technical
plans for solid waste treatment and score (scale).
Table 2 presents the basic guidelines for the selection
of suitable solid waste treatment options.

Results of transition management approach

To accomplish the most elevated usage of municipal
waste management, center focuses were controlled by
benchmarking of which primary outcomes are
appeared at this. Table 3 shows the overview of each
circular blocks of transitional management with
values of circularity. With these results we could
analyze the systematic improvement directions of
total waste management process. The table shows that
improvements are needed in all three respects (value
proposition, cost structure and revenue streams)
because the current system does not show partly or
fully circularity.

Table 3. Results of system analyze to improvement (Authors’ own edition)

Strategic Tactical | Operational Reflexive
Value proposition | 3.6 (C2) 3.8 (Co) 3.4 (C1) 3.6 (C7)
Cost structure 3.2(C3) 3.8(C10) 3.0 (C4) 3.4 (CS)
Revenue streams 3.4 (C8) 3.2(C11) 3.4 (C9) 3.4 (C12)
Average of each 34 3.6 3.2 3.4
transition level
Average of each of the evaluated blocks

Value proposition 3.6
Cost structure 3.3
Revenue streams 3.3

Notes: Value 1.0 means the total linear structure, value 5.0 means total circular
version. Each columns contains the median value of each transition levels. The
abbreviations of each blocks marked from C1 to C12 (according to Table 2
abbreviations)

Table 3 shows the average values of each evaluated
blocks also. The highest value shown by the Value
proposition. This means focusing on value creation
during transition management, as it is possible to
achieve quality change in this area. Technological
innovation is not necessary for this, only efficiency
has to be increased. Value proposition can be
achieved by transforming corporate efficiency with
centralized management.

Value proposition:

The transition thinking (about solid waste
management) on four levels means the new value
production with structural development. The current
waste management system could not treat the whole
amount of municipal waste and the rest could not
manage with circular loop. The value proposition
means a sustainable thinking also and this new idea
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causes more improvement necessary in waste
management system. On strategic level the
improvement means a new observe system from
waste production until collection and final reuse and
recycle. The current value proposition is linear
structured system and could not works sustainable
and circularly.

Cost structure:

The cost structure of the current waste management
system could not support the total sustainable and
circular development, because works with non-
efficiency methods. The low percent of recycled rests
of total waste amount and the percent of reusable first
raw materials needs a new cost structure. The
governmental decisions means a maximum medium
circular and sustainable efficiency. The costs of eco-
friendly working system and production of reusable
and recyclable materials have to be considered, and
the costs of education and training of human thinking
and habit also. Communication between each
segments of new business model, e.g. key partners
and costumer segments are also important because
their behavior and reactions are also increase the total
costs of the system.

Revenue streams:

The decision segments of the system should to find a
new solutions and opportunities even at the
technological level to earn new revenue streams by
circular transformation in operational field. This
importance also presented by the observed literature
and also focuses on their strategic facts. The sales
revenue and cash flow also increase in long-term run
with awareness of public and firm thinking. In the
beginning it can causes monetary and indirect
revenue streams.

Development strategies — Suggestion of each
tecnological applications

The objective of assessing the appropriateness of
solid waste treatment technology is to select the
technologies that can be applied in the conditions of
Hanoi. This assessment is based on the criteria
system, which is used as the tools for the authorities
to decide which technology should be adopted
appropriately. The selection of criteria will depend on
many factors such as natural environment, economy,
technology, technology, and society. In Vietnam, the
choice of technology also considers the national
strategy for integrated solid waste management. In
case of Hanoi city, five of the eight solid waste
treatment technologies are selected such as (1)
Compost; (2) Anaerobic digestion; (3) Sanitary
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landfill (with biogas collection system) or biological
landfill; (4) Incineration (Incinerator); (5) fuel
production from waste (RDF) or (SRF). The selection
of these five technologies are based on their wide
application in many countries around the world as
well as in Hanoi. Three remaining technologies
(MBT, pyrolysis, and gasification) are not compatible
with Hanoi's economic, technical and human resource
conditions. Although pyrolysis and gasification are
advanced technologies, they are difficult and
expensive to operate, while the MBT technology does
not give the ultimate treatment solution for treated
waste. Five technologies were compared based on 11
criteria as mentioned in Table 4, in which the multi-
sector involvement criterion was rejected because it
was considered the least important one in the Hanoi's
condition. The calculation was performed using
scoring system of 1 to 5 scores (5 = most favorable,
4 = favorable, 3 = Medium, 2= less favorable 1 =
unfavorable). The point for each criterion is based on
the consultation with experts, performance, on-site
survey, and results of environmental monitoring. The
total final score for each technology can be used as a
"Sustainability Index" of technology. If technology
has a high score, sustainability is high and vice versa.
Based on the current status of solid waste
management in Hanoi City, two scenarios assessing
the suitability of solid waste treatment technology are
given. Results of assessing the appropriateness of
solid waste treatment technology presented in Table
4 (Scenario 1) with commingled waste and Table 5
(Scenario 2) with segregated waste.

As shown in Table 4, the total scores of five
technologies assessed are not much different. For
commingled waste, the technology's sustainability
index shows the sanitary landfill with collection of
biogas (37 points) as the most suitable technology,
followed by incinerator with energy collection (36
points), composting (35 points), RDF or SRF (34
points), and anaerobic digestion (32 points),
respectively.

The composition of commingled solid waste in
Hanoi also contains a certain amount of household
hazardous wastes (HHW) and many non-recycling
components. Also, the composition of solid waste
amount of Hanoi has a high biodegradable organic
fraction (64.8-74.3% of wet weight) and high
moisture (55-65%) so that sanitary landfill (with the
collection of biogas) is a sustainable technology for
solid waste management in Hanoi at present. Amount
of non-recycling fraction (about 25% including
plastic, diaper, textile, rubber & leather, styrofoam,
wood) with high calorific value has increased
significantly, and the biodegradable organic fraction



has decreased from 2009 to 2015. Due to the lack of
available land, incineration technology was ranked
second with the possibility of energy recovery.
However, the high moisture content of the solid waste
and the highest investment and operation costs may
limit the utilization of this technology.

The composting technology is ranked the third
because the waste is commingled and therefore the
separation step has to be carried out before the waste
is composted and this step is labor intensive. At
present, the quantity of solid waste at two composting
plants takes at 35-64%, and the remaining non-
compostable (taking 36-65%) are buried at a sanitary

landfill or burned by the incinerator. Also, the quality
of compost using commingled waste is low because
the end product is mixed with scrap glass and plastics
making it difficult to consume. The RDF technology
ranked fourth. The anaerobic digestion technology
has the lowest score due to uncertainties regarding
investment and operation costs, low energy prices,
damaged reputation due to unsuccessful plants as well
as this technology need source-sorted organic. These
results are consistent with the set targets for the
management of solid waste in Hanoi as according to
National strategies on integrated management of solid
waste.

Table 4. Assessment of sustainability of treatment technologies for commingled waste (Scenario 1)
(Authors’ own research and edition)

=

A = = 4 E @ = (:I‘J

Criteria §_§ §.E E:Eé gg:g 5

) g s = * o g = AR}
E2|saESE=38s2 &
Oal<s@=5389E= 8| &
Separated solid waste at
Solid waste source ) ) ) ) )
characteristics

Commingled waste 2 2 5 3 3

Waste quantity 3 1 3 3 1
Compliance with standard/regulation of 5 5 5 5 5

National Technology of Vietnam

Time-consuming for entire process 2 3 5 5 3
Complexity and required skills 5 3 4 2 3
Demand for final products 2 2 2 2 2

Initial investment 4 2 3 1 2

Operating cost 2 2 5 1 2

Land requirement: Large scale 2 3 1 4 3
Odor 2 2 1 2 2

Possible adverse| Municipal and industrial ) ) 1 4 3

impacts wastewater

Dust and air pollution | 2 3 1 2 3

Public acceptability 2 2 1 2 2
Total scores 35 32 37 36 34

Evaluation: Scoring system: 5 = most favorable, 4 = favorable, 3 = Medium, 2= less favorable
1 = unfavorable.
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Table 5. Assessment of sustainability of treatment technologies for separated solid waste (Scenario 2)
(Authors’ own research and edition)

<3
- g = = § ;a = %
Criteria 2%5|$ .S E=22 8§28 s
a2l 58953223 °
EZ|SgEEs249E2 §
OE|<c@mEES95% 8| &
Separated solid waste at 5 5 5 5
SOlld waste source
characteristics
Commingled waste - - -
Waste quantity 5 5 5 4 4
Compliance with standard/regulation of 5 5 5 5 4
National Technology of Vietnam
Time-consuming for entire process 2 3 1 5 4
Complexity and required skills 5 3 4 2 3
Demand for final products 4 4 1 4 3
Initial investment 5 3 4 2 3
Operating cost 5 3 4 2 3
Land requirement: Large scale 2 3 1 4 3
Odor 2 2 1 2 2
Possible adverse| Municipal and industrial ) ) 1 4 3
impacts wastewater
Dust and air pollution | 2 4 1 2 3
Public acceptability 2 3 1 3 3
Total scores 46 45 34 44 43

Scoring system: 5 = most favorable, 4 = favorable, 3 = Medium, 2= less favorable 1 =
unfavorable.

Table 5 shows that total scores of all technologies
in scenario 2 is higher than scenario 1 because solid
waste is separated at the source to form clean,
biodegradable organic, recyclable, and the remaining
fraction. The assessment of treatment technologies for
separated solid waste shows that the composting
technology (46 points) is the most applicable,
followed by anaerobic digestion (45 points),
incinerator with energy collection (44 points), RDF
or SRF (43 points), and bioreactor landfill or sanitary
landfill (34 points), respectively.

The potential demand for organic fertilizers and soil
conditioners in the surroundings of Hanoi is very high
and exceeds the actual supply. With source separated
clean, biodegradable organic fraction, the composting
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technology is the most suitable because of its
simplicity, low cost, and high demand for composting
products. The anaerobic digestion can produce green
energy and soil conditioner from biodegradable
organic fraction, and it is ranked the second after
composting technology because of its higher
complexity and cost compared to the composting
technology. The bioreactor landfill or sanitary landfill
with the collection of biogas require a large amount
of land, generate leachate and emit an odor, and thus
it has the lowest score. Components of remaining
solid waste after separation (plastic, diaper, textile,
rubber, leather, etc.) with high calorific value can be
incinerated with energy collection and thus obtains
higher score compared to RDF technology.



Development goals by transition of each
organizing levels (based on the scenarios)

By assessing the sustainability of solid waste

treatment technologies from two scenarios, Scenario

2 have specific advantages such as low operation,

high quality of composting product, more efficient

land use, lower environmental impacts and higher
production of biogas, energy collection in comparison
with the Scenario 1 so that scenario 2 will be selected
for integrated solid waste management in Hanoi.
These results are consistent with the situation of solid
waste and the set targets for the management of solid
waste in Hanoi. Also, it is clear that one technology
would hardly achieve efficiency of solid waste
management in Hanoi. The need for a combination of
multiple technologies yields an integrated solid waste
management system leading to zero waste for
sustainable resource utilization in Hanoi. Ideally, the
composting technology followed anaerobic digestion
technologies is found to be the most sustainable for
solid waste in the Hanoi. Incineration with energy
collection is essential only for non-recycling solid
waste (with high calorific value), and residual solid
waste will always be needed for landfills. By
separating solid waste at sources (application of

Scenario 2), the City will be able to:

—Utilize 70 to 80% of the city's solid waste, among
which about 60-70% can be used for producing
compost and anaerobic digestion for generating
energy. Remaining 10-20% can undergo recycling.

—The decrease in pollution caused by odor and
leachate from landfills.

—Raise people's awareness
protection.

To achieve zero waste management, the results of
the two exampled scenarios show that waste
separation at source is an essential factor that prevents
waste from entering landfills. Implementing waste
separation allows the collection of a great amount of
recyclable waste that can be converted into useful
materials. Besides, unmixed waste helps waste
collectors save time during collection process
substantially, and save cost for Hanoi’s waste
management. The segregation of the waste is must for
sustainable solid waste management, as the waste can
be intercepted for recovery of materials and
composting, anaerobic digestion, incineration and the
minimal amount go to the sanitary landfill.

of environmental

Conclusions

This study investigated the current situation of solid
waste management in Hanoi from the collection,
transportation, and processing. The rapid urbanization

and industrialization in Vietnam caused the increase
of waste generation and the variety of composition.
Also, inappropriate waste management system in
Vietnam has led to various environmental and health
issues. To assess and select the appropriateness of
solid waste treatment technology that can be applied
in the conditions of Hanoi, this research applied
benchmarking model with five of the eight solid
waste treatment technologies which are widely used
in many countries around the world such as (1)
Compost; (2) Anaerobic digestion; (3) Sanitary
landfill (with biogas collection system) or biological
landfill; (4) Incineration (Incinerator); (5) fuel
production from waste (RDF) or (SRF) and 11 criteria
including (1) Solid waste characteristics; (2) Waste
quantity; (3) Compliance with standard/regulation of
National Technology of Vietnam; (4) Time-
consuming for entire process; (5) Complexity and
required skills; (6) Demand for final products; (7)
Initial investment; (8) Operating cost; 9) Land
requirement; (10)Possible adverse impacts, and (11)
Public acceptability. Based on categorizing two
scenarios of characteristics of waste such as mixed
and separated, this paper resulted that the scenario 1
(commingled waste) has the technology's
sustainability index with the sanitary landfill with
collection of biogas (37 points) as the most suitable
technology, followed by incinerator with energy
collection (36 points), composting (35 points), RDF
or SRF (34 points), and anaerobic digestion (32
points), respectively. The case for the scenario 2
(separated waste) shows that the composting
technology (46 points) is the most applicable,
followed by anaerobic digestion (45 points),
incinerator with energy collection (44 points), RDF
or SRF (43 points), and bioreactor landfill or sanitary
landfill (34 points), respectively. It is clear that Hanoi
needs to combine multiple technologies yields an
integrated solid waste management system leading to
zero waste for sustainable resource utilization. The
composting technology followed anaerobic digestion
technologies and incineration with energy collection
are found to be the most sustainable for solid waste
in the Hanoi in the condition of segregation of the
waste at source, while the last option is the sanitary
landfill.

Suggestions

We would like to make suggestions on which of the
twelve development goals (presented by Table 2. in
Results chapter) will strengthen prevention, e.g.
minimizing the amount of waste and implementing
the zero waste strategy. Primarily waste production
should be reduced, because if less waste is generated
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in the system, the waste management can be more
efficient. It is important to note that which part of the
business models could be the prevention and how
they relate to the circular economic concept. It is
important to define the prevention levels of circular
economy, therefore the development needs at the
three transition management levels can be clarified.
Based on our suggestion, if prevention is prioritized
and development areas are identified (which could
strengthen prevention), we can describe how
transition management can be interpreted in circular
business models. Based on our suggestion, it is
necessary to focus on the following target areas in
order to strengthen prevention as the key to system
development.
—Solid waste characteristics

The heterogeneous composition of municipal waste
results the prevention and making possible to operate
efficiently the planned waste management system.
—Waste quantity

The increasing amount of waste strengthen the
prevention.
—Public acceptability

The prevention increasing the acceptability of the
developed municipal waste management system.
—Demand for final products
—Operating cost
—Complexity and required amount of raw materials
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