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Abstract: This review article attempts to analyse the social issues that impact the performance of
natural treatment systems (NTSs). An NTS is a decentralised wastewater treatment system found
to be appropriate in developing countries due to its affordability and lower technicity. However, if
socio-economic and institutional issues of community are ignored then NTSs may turn out to be
unsuitable for developing countries. The article also takes a critical view on the extant literature which
ignores the social cost of NTSs. The social cost of NTSs may be high as a decentralised system requires
the engagement of various governmental agencies, research institutes and the community. The cost
of engagement may make NTSs a socio-economically unattractive proposition. The article discusses
the variables to be considered for the social cost-benefit analysis. It also discusses the implications of
social cost-benefit analysis for appreciating the incentives and net benefits for collective actions at the
community level. Social cost-benefit analysis can help overcome the initial difficulty of high financial
cost and usher sustainability.
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1. Introduction

Access to safe water is vital to human life, especially for quality of life [1]. However,
water goes to waste as nearly 80 per cent of wastewater returns to the ecosystem sans
treatment, irrespective of its vital significance in human life [2]. Hence, it is important
to treat and reuse water [3]. Furthermore, if wastewater is not treated correctly, it can
pose a serious environmental and health threat [4]. The problem is more acute in less
developed countries than in developed countries due to the resource constraints and laxity
in regulation. This article attempts to suggest low-cost alternative wastewater treatment
systems for less developed countries based on the existing literature. Furthermore, it
critically evaluates the notion of a low-cost alternative where unaccounted social costs may
make the apparent low-cost systems unattractive. The cost-benefit analysis of low-cost
alternative systems has been so far limited to financial cost-benefit analysis, where the
social costs and benefits have not been considered explicitly. This review article draws
literature from different domains of knowledge including wastewater management and
social sciences to understand the importance of social cost-benefit analysis for taking
a comprehensive view on low-cost alternatives. In this regard, the social cost-benefit
analysis assumes importance not only for making decisions on technology but also for the
sustainable management of resources through community participation.

A natural treatment system (NTS) is proposed as a low-cost alternative to high-cost
traditional water treatment systems [5]. NTSs can be soil-based and aquatic with each
one having different constraints, operating conditions, and design criteria [6-8]. Soil-based
systems include decentralised wastewater treatment systems (DEWAT), subsurface flow
constructed wetlands (SFCW), rapid infiltration (RI) or soil aquifer treatment, overland flow,
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and slow rate systems. Aquatic systems include waste stabilisation ponds (WSP), aquatic
systems with floating plants and wetland systems. NTSs have multi-objective contaminant
targeting processes for the removal of turbidity and suspended solids, biodegradable bulk
organic matter and trace organic compounds, microorganisms and nutrients (N and P) [9,10].
The systems require simple pumps and piping for wastewater conveyance and distribution.

There are different biological methods for the treatment of greywater including se-
quencing batch reactor (SBR), the membrane bioreactor (MBR), rotating biological contac-
tors (RBCs), the moving bed biofilm reactor (MBBR), and the upflow anaerobic sludge
blanket (UASB) [11]. The MBR is one of the most preferred alternatives for wastewater
recycling in high-rise buildings [12]. Bacterial enrichment cultures are very useful in de-
grading haloacetic acids (HAAs) frequently detected in surface waters and in drinking
water distribution systems [13]. Furthermore, biomass containing denitrifying polyphos-
phate accumulating organisms (DPAOs) may be used efferently to remove COD, nitrogen
and phosphorus [14]. Hence, it can be used for the treatment of wastewater containing
high nitrite and nitrate content.

The NTSs are decentralised systems, as opposed to centralised systems. A centralised
system is less appropriate for low-income areas, rural areas with low population den-
sity [15-18]. NTSs require lower construction, operation and maintenance costs relative to
traditional wastewater treatment facilities [19-21]. The contaminant removal procedure
involves no significant quantities of energy and/or chemicals [22]. Their simple design and
construction allow for easy replication [23].

These projects can be financed and managed through different arrangements: government-
owned and managed or public—private partnerships (PPPs) [24]. The technological choice can be
different depending on the local context. Kalbar et al. [25,26] propose a scenario-based multiple-
attribute decision-making (MADM) methodology to include regional and local societal priorities
including environmental and economic perspectives to select appropriate technology.

The local communities benefit from NTS projects but at the same time it requires com-
munity or beneficiary participation in operation and maintenance (O&M) and monitoring.
As NTSs are decentralised systems, community participation is essential [27]. The cost
of participation increases the indirect or social costs. This may make NTS economically
unviable. Furthermore, making the community participate in collective action is a major
challenge. Business models typically do not take into account social cost, but if commu-
nity participation is one of the requirements or inputs in the management of the systems
then social costs should be taken into account. In this context, this article highlights the
importance of social cost-benefit analysis in developing business models for NTS.

Following Teece [28] (p. 179) “a business model describes the design or architecture of
the value creation, delivery and capture mechanisms employed.” However, sustainability
is an important component of the business model. A “sustainable organization expresses
its purpose, vision and/or mission in terms of social, environmental, and economic out-
comes” [29] (p. 121). Hence, a business model for sustainability should take into account
natural, social and economic capital beyond its organisational boundaries along with cre-
ating and delivering economic value to itself [30]. A similar idea is echoed by interactive
business models where the firm has to combine, integrate and leverage the ecosystem’s
capabilities along with internal resources to create new business opportunities [31].

2. Materials and Methods

The review article includes mostly published peer-reviewed literature emphasising
social cost-benefit, community participation and institutional issues for natural wastewater
treatment systems. We have used some articles and reports published by reputed inter-
national organisations as well. The literature review has been conducted in two stages:
search of published articles, reports, conference proceedings and abstract by keywords,
and thematic selection of articles for peer review.

1. Search articles, book chapters, conference proceedings, reports and abstract by key-
words: This search was carried out in EBSCOhost, Google Scholar, the Web of
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Science database and Scopus. The keywords selected to find the literature were
‘wastewater treatment: developed vs. developing countries’, ‘natural wastewater
treatment’, ‘institutional issues of wastewater treatment’, ‘community participation
and co-production’, ‘wastewater treatment: social cost-benefit analysis’.

As the number of research articles found in the search was very high, we relied on the
Scopus electronic database for systematic selection of articles [32]. We have limited the articles
to the social science area. The selection process of the articles is given in Figure 1. We have
finally selected 87 articles for review according to their relevance for the topic of discussion.

Social Cost Benefit Wastewater Natural Wastewater Community
Analysis Treatment Treatment Participation and Co-
(n=23,715) (n=165,644) (n=11,448) production (n = 238)

Subject Area: Social
Science (n = 4285)

Developed vs
Developing

Subject Area: Social
Science (n = 347)

Subject Area: Social
Science (n = 129)

Countries (n = 48)

Natural treatment
systems (n = 4285)

Articles included after excluding duplicates and irrelevant for the topic
(n=287)

Figure 1. Selection of articles through Scopus.

Seven other journal articles and book chapter, two books, three conference proceedings,
one published and five unpublished reports from reputed organisations, and one doctoral
thesis was included for review of articles as these were found to be relevant.

2. Review of articles, reports and abstracts: The 106 materials selected for review were
grouped by theme. If any article is spanning several topics, then it is grouped into
more than one group. The articles were reviewed and the succinct knowledge was
presented by themes.

3. Wastewater Treatment: Developed vs. Developing Countries

The practice of wastewater management varies across the globe. Inequality between
the wastewater treatment facilities of developing and developed countries is stark [33]. The
wastewater treatment is well established in developed countries but limited in develop-
ing countries [34]. Developed countries mainly use the centralised wastewater treatment
system along with onsite wastewater treatment. While around 75% of the population in
the European Union is connected to the centralised public sewage system, 10% population
in Canada, 12% in Australia and 15% in Germany use onsite wastewater treatment sys-
tems [35]. Developing countries either use the decentralised wastewater treatment system
or do not treat wastewater at all [33]. In developing countries, discharging untreated water
into sewer systems or public canals is a universal practice [36,37]. High-income coun-
tries treat about 70 per cent of their wastewater; this proportion drops to 38 per cent for
upper-middle-income countries and further down to 28 per cent for lower-middle-income
countries [2].

The purpose of wastewater treatment also varies between developed and developing
countries. Developed countries seek to eliminate all the pollutants while developing coun-
tries tend to protect public health by controlling pathogens and checking the transmission
of waterborne diseases [38]. Therefore, natural treatment systems (NTSs) like constructed
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wetlands (CWs) are suitable for developing countries like India due to their efficiency in
BOD and pathogens removal despite their limitation in nutrient removal [33,39].

Developing countries follow the western nations’ traditional model of centralised wastew-
ater treatment in many places. Yet its implementation has not resulted in the provision of
adequate and universal wastewater treatment services in developing countries [40—42]. This is
because technologies were transferred from western countries without due consideration of the
systems’ suitability in a different culture, geography and climate [34]. As a case in point, lack of
technical, financial and managerial capacity by communities had led to most of the sanitation
treatment plants being non-functional in Ghana [43]. The standards of the centralised system
are rendered inappropriate for execution since cost implications are not considered [44-50].

While conventional centralised system such as activated sludge process can produce
good water quality, it is not suitable for developing countries. This is due to the high
operating costs involved and much-needed assured power supply, both of present a major
challenge in developing countries [33,38,43,51-54]. The conventional centralised tech-
nology also demands the requirement of specialised labour. In conventional systems in
developing countries, domestic wastewater combines with rainwater and generates the
flow of pathogenic wastewater, which causes health problems [34]. It also requires a high
amount of water to the tune of 100 litres/cap/day for transporting the waste [15,17].

Owing to their unique configuration, conventional systems have high construction
costs [18,55]. Therefore, constructing a centralised treatment system for small rural com-
munities or peri-urban areas in low-income countries contribute to the burden of debt on
the population [56,57]. Restricted local budgets, lack of local expertise and lack of funding
were also observed as the factors responsible for the inadequate operation of centralised
wastewater treatment plants in developing countries [58,59].

In choosing an effective wastewater treatment system for developing countries, the
existing local contexts need to be considered as technologies that function efficiently in
one industrialised country may not function well in a developing country [37]. The im-
plementation of low-cost natural treatment systems for waste treatment and conserving
biological communities is warranted in poor nations of the world [53,60]. The members
of biological communities including aquatic plants like floating, submerged and rooted
macrophytes help absorb pollutants. Gude et al. [61] argue that it is possible to introduce
an ecological and low-cost alternative to conventional systems through onsite treatment
and onsite processes.

Decentralised wastewater treatment is a feasible alternative to traditional treatment
in developing countries. In decentralised wastewater management, the wastewater is
managed, collected, treated and disposed of /reused at or near the point of generation [62].
At present, decentralised systems have the potential to integrate effectively with water-
carriage waste removal [63]. This technology is feasible for low population densities and
industrialised countries [54]. Decentralised facilities are more commercially viable than
centralised wastewater treatment systems because of their lower net present value (NPV)
costs [64]. NPV costs are a total discounted value of costs spread over the lifetime of the
project. The discount rate captures the time value of money, whereby costs in the future is
discounted more than costs at present.

3.1. Pros and Cons of NTSs

The NTS are simpler and usually reasonably successful in eliminating most pollu-
tants, but they can differ depending on the climate [49,55,65,66]. Yet, even under extreme
operating conditions, NTS can work although its efficiency level goes down in cold condi-
tions [9,10,53,67,68]. An NTS is most competent in warm, sunny climates [69,70]. Different
natural conditions like sunlight, wind, soil characteristics and geology, hydraulics, health
and sustainability of vegetation and seasonal variations in water surface elevation affect
the treatment capability of NTSs, specifically CWs [71]. Warmth and sunlight are freely
available in many developing countries in Asia and Africa and hence these countries can
use the technology at low costs. Furthermore, the contaminant removal procedure involves
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no significant quantities of energy and/or chemicals [22]. NTSs have lower operational
and maintenance (O&M) costs due to fewer pumping energy needs and less solvent usage
in water acquisition, treatment, and disposal [72,73].

In spite of its advantages, the accessibility and price of the land is the main limiting
factor of NTS, as systems require a significant portion of open space for treatment plants.
Hence, NTS tend to be viable only in the small cities and suburban areas, where land is
not a major constraining factor [40,67,74]. Starkl et al. [75] argue that NTS may appear to
be inappropriate in urban and peri-urban areas due to high land prices. Moreover, the
labour cost of NTS may be high, as observed by Sahu and Debey [76] in their study on land
spreading wastewater disposal systems in Ethiopia.

The efficiency of the decentralised system over the centralised system depends on
various parameters and external conditions [77]. The centralised treatment facility works
better for the inner city, while the decentralised system is more appropriate for the urban
fringe and suburban zones. This is because the city’s wastewater can flow more easily to
the inner city centralised treatment facility as compared to the urban fringe. Decentralised
systems are more appropriate in urban fringe and suburban zones as it requires more
land and space. The removal efficiency of the natural wetland treatment system, an NTS,
depends on other factors including inflow concentration because it is a multifaceted process
with irrigation of a tree farm, percolation ponds and wetland discharge [78].

The NTS’s adaptability is another big problem facing NTS designers and operators.
Disordered vegetation growth, nuisance control (e.g., insect vectors, nuisance animals),
slow treatment rates, wastewater exposure and fast macrophyte growth rate pose a concern
for NTSs [79-81]. Lack of awareness about tropical wetland ecology and species and lack
of local knowledge about design and management along with the prevalence of mixed
domestic/industrial wastewaters pose problems for embracing NTSs [38,82]. Routine
maintenance of vegetation is another difficult task for the owner-manager of NTSs in
tropical regions [83]. Wetland placement near human settlements presents significant
problems due to disturbances created by bugs, rodents, clogging and foul smells. Due
to operational issues, raw wastewater may reach streets during rainy seasons [70]. Post-
construction safeguards like performance bonds, long-term post-supervision contracts and
budget coverage are required to assist the local government in operating and maintaining
the system to avoid risk for humans and the system.

Checking the microbiological content of treated wastewater is important when using
treated water for irrigation. In the Italian study, Cirelli et al. [84] observed microbiological
content in fruits product by irrigation water treated partially by CW. Rai and Tripathi [85]
also found higher coliform counts in vegetables than the prescribed norm in their Varanasi-
based report.

3.2. NTSs in India

We have looked into the NTSs with a special focus on India because of its geographical
spread and variation. The East Kolkata wetland system, located in eastern India, is one
of the most important NTSs having a waste stabilisation pond (WSP) followed by fish-
pond [24]. The WSP generate solar energy, an ecosystem for fishing and discharge irrigation
water. The NTS provides not only sanitation but also food and livelihood to the locals. The
local community is an important stakeholder in operation and management. In return,
they receive the economic benefits of the system. There are other important WSPs in West
Bengal State [24]. The wastewater is used for fishing and finally discharged in the Ganga
river. The local community is involved in operation along with the state government. The
community is involved in the cleanup of rivers and lakes in exchange for the benefits of
selling fish. Thus, community engagement developed a sense of ownership which is one of
the important factors of long-term success.

In Western India, the NTS on Man Sagar Lake in Jaipur is a classic case of NTS being
set up through PPP between the state government and a private company [24]. This system
benefits the downstream community by lifting water from the river originating from the
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lake. The filth of sewerage coupled with odour and mosquito menace is being reduced
and transformed into a water resource for farmers and a place for tourism. Similarly,
Duckweed Ponds is developed at Wazirabad which combines a duckweed-aquaculture
system producing fish and shrimps along with treated water for irrigation. The system
is operated by Sulabh International, a social service organisation. Duckweed ponds were
constructed in of Punjab state of India [86]. However, most village ponds were constructed
without proper location, planning and drainage systems. It was observed that the wetlands
in the centre of the populated part of the village are hard to drain.

In central India, there is a CW in Bhopal. It made the lives of neighbouring slum
residents stressful, owing to inadequate maintenance [87]. Despite CWs’ issues, they can
be effective in developing countries like India. For instance, the constructed wasteland at
Sainik School, Bhubaneshwar, Orissa has been working efficiently and cost-effectively [88].
On an experimental basis, NEERI India, an environmental research institute in India, has
developed phytorid technology [89]. The technology is very simple in design and operation,
requires no skilled manpower for operation and maintenance and consumption of electric
power is negligible.

In the northern part of India, up-flow anaerobic sludge blanket (UASB) reactor, final
polishing unit (FPU) and down-flow hanging sponge (DHS) systems treating municipal
wastewater located at Dhandhupura, Agra, Uttar Pradesh outperforms many other con-
temporary NTS technologies [90]. The treated water may be considered for cultivation, and
safely discharged into water bodies. To improve the efficiency of wastewater treatment,
Kalbar [91] suggest involving hybrid treatment systems (HTSs) in India. It is a combina-
tion of natural and mechanised treatment approaches that will save energy and deliver
environmental benefits.

4. Institutional Issues

Decentralised processes are well established and are able to match low-income rural
communities. However decentralised processes can be developed, operated and main-
tained only through community participation. The level of community participation should
provide the community with the power to control the projects or institutions, instead of
just placing people in rubberstamp advisory committees or advisory boards [92].

Community participation is required to understand the local context and design struc-
tures appropriately [49]. The process of community participation involving several steps or
activities such as building institutional commitment and partnership for planning, under-
standing existing context and defining priorities, developing systems and implementation
is required for the community to understand their own problem and trigger actions as
illustrated by Parkinson et al. [93] for implementation of community-led total sanitation.
Government and non-government organisations (NGOs) are entrusted to create favourable
conditions and support ignition and lateral spread. In other words, programmes need to
be co-produced and co-managed by the community, scientists, NGOs and government.
In a study on DEWATS in Nepal, Bright-Davies et al. [94] argue that technically and fi-
nancially more sustainable systems may have better O&M and user ownership through
community-led urban environmental sanitation (CLUES) planning. Studies have delineated
the institutional and technical feasibility as well as business models for NTS in developing
countries, but none of them has considered problems and cost of community participation
explicitly [95-98]. However, these studies have cautioned about lack of awareness and
capacity, lack of financial incentives, and unwillingness to comply with regulations as major
constraints in wastewater treatment and reuse.

4.1. Community Participation and Co-Production

The efficiency of the decentralised system depends on the local context, and com-
munity participation is essential for NTS. Engagement with the community is one of the
mechanisms to understand the economic, socio-cultural and local context [99]. This can
be achieved through co-production, which is the process where inputs are contributed by



Sustainability 2022, 14, 3913

7 of 15

individuals and citizens can play an active role in the production of public goods and ser-
vices [100]. The larger needs of the community should be better integrated while designing
wastewater management systems [101]. The benefits of co-production, especially in water
and sanitation, are the development of hybrid and/or decentralised systems rendering
service and resources accessible, where large, centralised and standardised techno-scientific
systems fail [102].

Community participation in NTS is essential at all stages including technology selection
and O&M [103]. The community needs to be informed about the O&M and management
requirement of the technology. Non-governmental organisations (NGOs), consulting firms
and universities may provide technical support during the initial phase. The cost of these
interventions should be taken into account explicitly. The study by Muga and Mihelcic [101]
takes into account indicators of public participation in the technology section and cultural
acceptance of the technology but does not estimate the cost of public participation explicitly.

If the citizens are not involved from the outset of the projects, then co-production may
end up passing on the cost to the poor [104]. Understanding the complexity of the O&M
of the system and bearing the cost may become an unwanted burden for the poor if they
are not consulted before entrusting the responsibility of O&M on them. To develop an
accountable system users’ perspectives should be combined with institutional commitment
from the formal urban institutions, as observed by Iribarnegaray et al. [105] after studying
decentralised domestic wastewater treatment systems (DWWTS) systems in Argentina.
In this context, Joshi and Moore [106] suggest institutionalised co-production to include
regular, long-term relationships between state agencies and organised groups of citizens
for public service provision. The Participatory Action Planning Project (PAPP) is a useful
means for institutionalised co-production [107].

4.2. Social Cost-Benefit Analysis

Financing and managing the NTS projects is one of the biggest challenges, especially from
the standpoint of replication and scaling. There are models whereby international organisations,
central, state and local governments have funded NTS projects. The problem with such
financing is that they often do not have a sound business plan from the applicants before the
release of funds. Alternatively, there could be an incentive-based financing model supported
by grants and subsidies, community-based loans, revolving funds and microcredits [24]. A
microcredit is a small loan taken from own saving group (also known as a self-help group) or
loans disbursed by venture capitalists known as microcredit organisations.

Cost-benefit analysis is a standard tool to analyse the economic viability of a project.
However, as NTS projects involve the environment and society, mere accounting profitabil-
ity may not make the projects sustainable. It is important to take into account the intangible
costs and benefits of the project through social cost-benefit analysis [108]. Social cost-benefit
is a more holistic analysis encompassing financial cost-benefit analysis, economic cost-
benefit analysis and distributional cost-benefit analysis [109]. Balkema et al. [110] have
detailed the list of indicators to be considered for sustainability analysis of wastewater
treatment. However, to assess a social enterprise like an NTS, it is also important to un-
derstand economic and distributional problems along with financial and environmental
costs and benefits. Moller et al. [111] found that in Thailand the sustainability of CWs is
determined by socio-cultural dimension; public perception, awareness and knowledge,
local expertise and institutional clarity of roles.

Net present value (NPV) and benefit-cost ratio (BCR) are calculated for the social cost-
benefit analysis of an environmental project [112,113]. The costs include initial investment
and incremental operating and maintenance costs. The benefits are measured through
willingness to pay (WTP) surveys following the contingent valuation method (CVM).
The CVM is a survey-based elicitation method to estimate the WTP of goods or services
not traded in the market. A hypothetical market scenario is formulated and described
to the survey respondents to elicit their WTP for the good or service. This process of
eliciting WTP is called the stated preference method. Eggimann et al. [114] take into
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account settlement distribution and topography into the calculation of the cost efficiency of
sewer systems. Kihila et al. [115] have suggested considering employment gains in cost-
benefit analysis. Nevertheless, these approaches do not consider the cost of community
participation explicitly.

The cost of community participation may be accounted as the transaction cost of NTS.
Transaction costs are comparative costs incurred by agents or stakeholders for planning,
adapting and monitoring of the task under alternative governing structures [116] and
therefore the function of institutional designs [117]. Transaction costs may also be defined
as costs associated with defining, establishing and maintaining property rights [118].

In estimating transaction costs, financial and non-financial costs of collecting informa-
tion, time spent and documentation for submission and service can be considered [119,120].
Bostedt et al. [121] calculated transaction costs involved in the negotiations between two
contestant parties. These calculations are essential in order to understand why community
participation fails.

A few studies on NTS have examined the risk associated with the systems and social
acceptability along with technical and financial feasibility [75,122]. Although they took
information regarding social acceptance or receptivity in the assessment, they did not
calculate the transaction cost of acceptability or monitoring costs of potential health issues
explicitly. There is a need for training and capacity building to increase wiliness to pay and
community participation [123,124]. The costs for these activities need to be accounted for
in a cost-benefit analysis.

The variables to be considered to assess the social cost-benefit of the NTS project
have been depicted in Figure 2. It includes measures for both direct and indirect costs
and benefits. It would be difficult to measure people’s perceived risk, hesitancy and
discomfort for NTA projects or reuse of treated water in terms of monetary or economic
value. However, there are techniques through which the economic value of perceived risk,
hesitancy and discomfort can be measured. These techniques are averting expenses or WTP
calculated through the revealed preference method (as opposed to the stated preference
method). Averting expenses are the expenditure made to avert the ill effect of bad odour or
nuisances [125]. The additional expense people are willing to incur to use water other than
that supplied through NTS is the WTP for getting rid of the hesitancy of using NTS treated
water. The averting expenditure reveals the WTP for having an environment free from the
perception of risks and discomfort and therefore being less hesitant to use treated water.
Finally, the net present value (NPV) or benefit-cost ratio (BCR) of the social cost-benefit can
be calculated.
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Figure 2. Calculation of social cost-benefit of NTS.

It is also important to conduct a distributional analysis of NPV or net benefits of
the project. Due to the political and economic factors, the net benefits would vary across
economic classes. Some stakeholders may incur a negative NPV or net loss in the project
while others may have positive NPV or net gain. To make those with negative NPV
participate, stakeholders having positive NPV need to compensate stakeholders having
negative NPV. If the compensation is possible then the business model would be sustainable.
The Kaldor-Hicks Criteria of distribution would be satisfied if stakeholders with negative
NPVs can be compensated by stakeholders with positive NPVs [126]. In an ideal situation,
no one should receive any negative NPV, which refers to the Pareto Criteria of distributional
analysis. Distributional analysis of NPV amongst stakeholders should be considered after
the overall NPV of the project is calculated as indicated in Figure 2.

4.3. Implications for Sustainability

Social cost-benefit analysis has implications for social entrepreneurship or community
participation for sustainable management of resources through NTSs. Entrepreneurs and
the community would be interested to participate and manage an NTS system if they find
that their present value of financial benefits is higher than the costs. PPP arrangements
and social organisations managing NTSs [24] are possible if net financial benefits are
positive. These individual incentives may lead to sustainable environmental management.
According to UNFCCC, the incentives may be market (creating a market for environmental
good) and non-market-based (technology support, financial support, ecolabels, etc.) [127]
(https:/ /unfccc.int/topics/what-are-market-and-non-market-mechanisms, accessed on
1 March 2022). In the short run, if the economic returns are lower than the costs then
perceived long-run social benefits may incentivise them for sustainable ventures. Subsidy
or credit support in the short run may incentivise them. The social cost-benefit analysis
assumes importance in this regard to assess the social sustainability of the NTS projects.
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The community may participate in O&M of the NTS projects due to long-run incen-
tives of adaption of sustainable practices. Local community participation is one of the key
elements of WSPs in East Kolkata and other parts of the West Bengal state in India [24].
In this regard, the incentive-driven mechanism should be directed to more vulnerable
communities, whose short-term costs are much higher [128]. Incentives could be voluntary
such as certification of water footprint or carbon footprint under Clean Development Mech-
anism of UN. Environmental regulation can be construed as involuntary incentives. The
success of voluntary incentives depends on the community’s ability to organise collective
action. Involuntary incentives may play a more certain role if the cost of monitoring is low.
Information on both financial and social costs and benefits is essential for the community
to assess and realise these incentives. Without clear prospects of adaptation of sustainable
practices communities may not participate as they might not have any previous knowledge
about long-run benefits. Initial knowledge about long-run social benefits may entice them
to cooperate at the beginning and then cooperation would gradually built-up in the long
run if they realise current cooperation is beneficial and other members are reliable [129].

Communities can participate not only because they have individual incentives but
shared goal of sustainable development. Ostrom [130] suggested a mutually agreed binding
constraint amongst the members to refrain from free riding and manage common resources
for ecological and social sustainability. Communities would agree upon the binding
constraining only when they find that the benefits of cooperation are higher than that of
defection. A social cost-benefit analysis would enable them to appreciate the net social
benefits of cooperation for NTS.

Blomquist and Ostrom [131] and Ostrom [130] argued that participants may not
have information concerning the resource such as its capacity and growth for making
decisions to participate in collective actions. This information must be gathered and
disseminated amongst all the users. This information includes identification of users
or participants, the capacity of the resource and its use. The systems should be able to
formulate a communication strategy amongst the participants. The net benefit sharing
amongst the participants should be equitable. The participants should be able to establish
an enforceable and contingent contract with an effective monitoring system. As monitoring
is not costless, the cost of it should be accounted for. The information on the capacity of
resources, their use and monitoring cost should be accounted for through social cost-benefit
analysis.

5. Summary and Conclusions

A centralised system is more appropriate in developed countries as compared to
developing countries. Developing countries face challenges of cost overruns and operation
and maintenance. The natural treatment system (NTS) is a feasible option in developing
nations. Itis a decentralised structure based on simple technologies which are less expensive
to run and maintain. There are different types of NTSs, both soil-based and aquatic.

In spite of the benefits, an NTS has many other shortcomings. NTSs require large open
space and the efficiency of an NTS is strongly dependent on the external environment. This
study highlights that another major input of decentralised production is efforts made by
beneficiaries in O&M including monitoring of the system, failure of which may lead to
inefficient functioning of the system.

Community participation is required to co-produce the service in coordination with
various actors: local and central governments, hydraulics institutes and the community.
This can be achieved through a process of participatory planning that empowers the
community to manage or even rectify the faults or deficiencies of the system. However,
collective engagement costs can be high. This cost of community participation may reflect
as the project’s transaction cost.

Projects may fail—even when costs of technology, material and operations are low—if
the transaction costs are high. Time spent in the process of negotiations, planning, and other
activities of community participation, along with other indirect costs must be included in
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the cost-benefit analysis of NTS projects. It is also very important to conduct a distributional
analysis of the net benefits and compensate the net losers.

The knowledge of the costs and benefits of the project is important for decision-making
as it has implications for individual and collective actions. Thus, it has implications on the
ecological and social sustainability of low-cost alternative wastewater treatment. Higher
financial costs may discourage the poor in the short run. In this regard, long-run social
benefits may encourage them if they are successful in organising collective action. This is
possible if information about long-run social costs and benefits are available. Hence, the
social cost-benefit analysis can have a direct impact on environmental sustainability.

The NTS projects can be a low-cost solution for wastewater treatment in developing
countries. It may help more efficient use of natural resources. The social and environmental
costs of NTSs may be low due to the minimal use of electricity. The beneficiaries can
manage and operate the NTS as the requirement of skills is low. Finally, it may benefit the
poorest who cannot afford irrigation water or treat wastewater on their own. All these
are possible if the beneficiaries find it economically beneficial considering both direct and
indirect costs and benefits. In this regard, the social cost-benefit analysis of NTSs may
directly contribute towards the economic and ecological sustainability of poor communities
as well as reduce inequality.

Author Contributions: Conceptualization, I.D.; Methodology, I.D.; formal analysis, I.D.; investiga-
tion, I.D., R H. and M.L; writing—original draft preparation, L.D., R.H. and M.I,; writing—review and
editing, original draft preparation, I.D., R.H. and M.L; funding acquisition, I.D. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by Department of Science and Technology (DST), Government of
India under project entitled “Innovation Centre For Eco-Prudent Wastewater Solutions (IC-ECOWS)”.
IC-ECOWS is hosted by National Institute of Hydrology, Roorkee.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. UNDP. Human Development Report 1997; Oxford University Press: New York, NY, USA, 1997.

2. Connor, R.; Renata, A.; Ortigara, C.; Koncagtil, E.; Uhlenbrook, S.; Lamizana-Diallo, B.M.; Hendry, S. The United Nations World
Water Development Report 2017. Wastewater: The Untapped Resource; The United Nations World Water Development Report; United
Nations: New York, NY, USA, 2017.

3. Friedler, E. Water reuse—An integral part of water resources management: Israel as a case study. Water Policy 2001, 3, 29-39.
[CrossRef]

4. World Health Organization. Drinking Water, 14 June 2019. Available online: https://www.who.int/news-room/fact-sheets/
detail /drinking-water (accessed on 19 March 2020).

5. Sundaravadivel, M.; Vigneswaran, S. Constructed wetlands for wastewater treatment. Crit. Rev. Environ. Sci. Technol. 2001, 31,
351-409. [CrossRef]

6. Alvarez, J.A.; Armstrong, E.; Gomez, M.; Soto, M. Anaerobic treatment of low-strength municipal wastewater by a two-stage
pilot plant under psychrophilic conditions. Bioresour. Technol. 2008, 99, 7051-7062. [CrossRef] [PubMed]

7. Kaseva, M.E. Performance of a sub-surface flow constructed wetland in polishing pre-treated wastewater—A tropical case study.
Water Res. 2004, 38, 681-687. [CrossRef] [PubMed]

8.  Mbuligwe, S.E. Comparative effectiveness of engineered wetland systems in the treatment of anaerobically pre-treated domestic
wastewater. Ecol. Eng. 2004, 23, 269-284. [CrossRef]

9.  Rousseau, D.PL.; Lesage, E. Constructed wetlands for polishing secondary wastewater. In Water Reuse System Management Manual
AQUAREG; Bixio, D., Wintgens, T., Eds.; Office for Official Publications of the European Communities: Luxemburg, 2006; Chapter
16; pp. 397—422. ISBN 92-79-01934-1.

10. Sharma, S.K.; Amy, G. Natural Treatment Systems. In Water Quality and Treatment: Handbook of Community Water Supply, 6th ed.;
Edzwald, J., Ed.; American Water Works Association: Denver, CO, USA; McGraw Hill Inc.: New York, NY, USA, 2010; Chapter 15.

11.  Khalil, M,; Liu, Y. Greywater biodegradability and biological treatment technologies: A critical review. Int. Biodeterior. Biodegrada-

tion 2021, 161, 105211. [CrossRef]


http://doi.org/10.1016/S1366-7017(01)00003-4
https://www.who.int/news-room/fact-sheets/detail/drinking-water
https://www.who.int/news-room/fact-sheets/detail/drinking-water
http://doi.org/10.1080/20016491089253
http://doi.org/10.1016/j.biortech.2008.01.013
http://www.ncbi.nlm.nih.gov/pubmed/18282704
http://doi.org/10.1016/j.watres.2003.10.041
http://www.ncbi.nlm.nih.gov/pubmed/14723937
http://doi.org/10.1016/j.ecoleng.2004.09.009
http://doi.org/10.1016/j.ibiod.2021.105211

Sustainability 2022, 14, 3913 12 of 15

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Kalbar, P.P; Karmakar, S.; Asolekar, S.R. Technology assessment for wastewater treatment using multiple-attribute decision-
making. Technol. Soc. 2012, 34, 295-302. [CrossRef]

McRae, B.M.; LaPara, T.M.; Hozalski, R. Biodegradation of haloacetic acids by bacterial enrichment cultures. Chemosphere 2004,
55,915-925. [CrossRef]

Zekker, I.; Mandel, A.; Rikmann, E.; Jaagura, M.; Salmar, S.; Ghangrekar, M.M.; Tenno, T. Ameliorating effect of nitrate on nitrite
inhibition for denitrifying P-accumulating organisms. Sci. Total Environ. 2021, 797, 149133. [CrossRef]

Bakir, H.A. Sustainable wastewater management for small communities in the Middle East and North Africa. J. Environ. Manag.
2001, 61, 319-328. [CrossRef]

Jackson, H.B. Global Needs and Developments in Urban Sanitation. In Low-Cost Sewerage; Mara, D., Ed.; John Wiley & Sons:
Chichester, UK, 1996.

Tokich, S. Wastewater Management Strategy: Centralized v. Decentralized Technologies for Small Communities; The Center for Clean
Technology and Environmental Policy, University of Twente: Enschede, The Netherlands, 2006.

UNEP/GPA. Strategy Options for Sewage Management to Protect the Marine Environment; IHE: Delft, The Netherlands, 2000.
Arceivala, S.J.; Asolekar, S.R. Wastewater Treatment for Pollution Control and Reuse, 3rd ed.; Tata McGraw Hill: New Delhi, India, 2006.
Lakatos, G.; Kiss, M.K.; Kiss, M.; Juhasz, P. Application of constructed wetlands for wastewater treatment in Hungary. Water Sci.
Technol. 1997, 35, 331-336. [CrossRef]

Qadir, M.; Wichelns, D.; Raschid-Sally, L.; McCornick, P.G.; Drechsel, P; Bahri, A.; Minhas, P.S. The challenges of wastewater
irrigation in developing countries. Agric. Water Manag. 2010, 97, 561-568. [CrossRef]

Sharma and Rousseau. 2006. Available online: http://www.switchurbanwater.eu/outputs/pdfs/w3-2_5-3_gen_prs_natural _
treatment_systems_in_uwm.pdf (accessed on 19 March 2020).

Crites, R.W.; Middlebrooks, E.J.; Bastian, R.K. Natural Wastewater Treatment Systems; CRC Press: Boca Raton, FL, USA, 2014.
Asolekar, S.R.; Kalbar, P.P.; Chaturvedi, M.K.M.; Maillacheruvu, K. Rejuvenation of Rivers and Lake in India: Balancing Societal
Priorities with Technological Possibilities. In Comprehensive Water Quality and Purification; Ahuja, S., Ed.; Elsevier: Amsterdam,
The Netherlands, 2013; Volume 4.

Kalbar, PP; Karmakar, S.; Asolekar, S.R. Selection of an appropriate wastewater treatment technology: A scenario-based
multiple-attribute decision-making approach. J. Environ. Manag. 2012, 113, 158-169. [CrossRef] [PubMed]

Kalbar, PP; Karmakar, S.; Asolekar, S.R. Life cycle-based decision support tool for selection of wastewater treatment alternatives.
J. Clean. Prod. 2016, 117, 64-72. [CrossRef]

Libralato, G.; Ghirardini, A.V.; Avezzu, F. To centralise or to decentralise: An overview of the most recent trends in wastewater
treatment management. J. Environ. Manag. 2012, 94, 61-68. [CrossRef]

Teece, D.J. Business Models, Business Strategy and Innovation. Long Range Plan. 2010, 43, 172-194. [CrossRef]

Stubbs, W.; Cocklin, C. Conceptualizing a “sustainability business model”. Organ. Environ. 2008, 21, 103-127. [CrossRef]
Schaltegger, S.; Hansen, E.G.; Liideke-Freund, F. Business models for sustainability: Origins, present research, and future avenues.
Organ. Environ. 2016, 29, 3-10. [CrossRef]

Sénchez, P; Ricart, ].E. Business model innovation and sources of value creation in low-income markets. Eur. Manag. Rev. 2010, 7,
138-154. [CrossRef]

Olagunju, A.; Thondhlana, G.; Chilima, ]J.S.; Sene-Harper, A.; Compaoré, W.N.; Ohiozebau, E. Water governance research in
Africa: Progress, challenges and an agenda for research and action. Water Int. 2019, 44, 382-407. [CrossRef]

Diaz, J.; Barkdoll, B. Comparison of wastewater treatment in developed and developing countries. In Proceedings of the World
Environmental and Water Resource Congress 2006: Examining the Confluence of Environmental and Water Concerns, Omaha,
NE, USA, 21-25 May 2006; pp. 1-10.

Jhansi, S.C.; Mishra, S.K. Wastewater Treatment and Reuse: Sustainability Options. Consilience 2013, 10, 1-15. [CrossRef]

Knisz, J.; Shetty, P.; Wirth, R.; Maréti, G.; Karches, T.; Dalko, I.; Balint, M.; Vadkerti, E.; Bir6, T. Genome-level insights into the
operation of an on-site biological wastewater treatment unit reveal the importance of storage time. Sci. Total Environ. 2021, 766,
144425. [CrossRef] [PubMed]

Burkhard, R.; Deletic, A.; Craig, T. Techniques for water and wastewater management: A review of techniques and their
integration in planning. Urban Water 2000, 2, 197-221. [CrossRef]

Singhirunnusorn, W. An Appropriate Wastewater Treatment System in Developing Countries: Thailand as a Case Study. Ph.D.
Thesis, University of California, Los Angeles, CA, USA, 2009.

Kivaisi, A.K. The potential for constructed wetlands for wastewater treatment and reuse in developing countries: A review. Ecol.
Eng. 2001, 16, 545-560. [CrossRef]

Kadlec, R.H.; Knight, R.L. Treatment Wetlands; Lewis Publishers: New York, NY, USA, 1996.

Choguill, C.L. Ten steps to sustainable infrastructure. Habitat Int. 1996, 20, 389—404. [CrossRef]

Pegram, G.C.; Quibell, G.; Hinsch, M. The Nonpoint Source Impact of Peri-Urban Settlements in South Africa: Implications for
Their Management. Water Sci. Technol. 1999, 39, 283-290. [CrossRef]

Sarmento, V. Low-Cost Sanitation Improvements in Poor Communities: Conditions for Physical Sustainability. Ph.D. Thesis,
University of Leeds, Leeds, UK, 2001.

Murray, A.; Drechsel, P.A.Y. Why do some wastewater treatment facilities work when the majority fail? Case study from the
sanitation sector in Ghana. Waterlines 2011, 30, 135-149. [CrossRef]


http://doi.org/10.1016/j.techsoc.2012.10.001
http://doi.org/10.1016/j.chemosphere.2003.11.048
http://doi.org/10.1016/j.scitotenv.2021.149133
http://doi.org/10.1006/jema.2000.0414
http://doi.org/10.2166/wst.1997.0230
http://doi.org/10.1016/j.agwat.2008.11.004
http://www.switchurbanwater.eu/outputs/pdfs/w3-2_5-3_gen_prs_natural_treatment_systems_in_uwm.pdf
http://www.switchurbanwater.eu/outputs/pdfs/w3-2_5-3_gen_prs_natural_treatment_systems_in_uwm.pdf
http://doi.org/10.1016/j.jenvman.2012.08.025
http://www.ncbi.nlm.nih.gov/pubmed/23023038
http://doi.org/10.1016/j.jclepro.2016.01.036
http://doi.org/10.1016/j.jenvman.2011.07.010
http://doi.org/10.1016/j.lrp.2009.07.003
http://doi.org/10.1177/1086026608318042
http://doi.org/10.1177/1086026615599806
http://doi.org/10.1057/emr.2010.16
http://doi.org/10.1080/02508060.2019.1594576
http://doi.org/10.7916/d8jq10q1
http://doi.org/10.1016/j.scitotenv.2020.144425
http://www.ncbi.nlm.nih.gov/pubmed/33418265
http://doi.org/10.1016/S1462-0758(00)00056-X
http://doi.org/10.1016/S0925-8574(00)00113-0
http://doi.org/10.1016/0197-3975(96)00013-6
http://doi.org/10.2166/wst.1999.0557
http://doi.org/10.3362/1756-3488.2011.015

Sustainability 2022, 14, 3913 13 of 15

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Arceivala, S.J. Wastewater Treatment and Disposal: Engineering and Ecology in Pollution Control; Marcel Dekker: New York, NY, USA,
1981; p. 892.

Chernicharo, C.D.L.; Borges, ].M. Evaluation and start up of a full scale UASB reactor treating domestic sewage: Case study. In
Proceedings of the 8th International Conference on Anaerobic Digestion, Sendai, Japan, 25-29 May 1997; Volume 2, pp. 192-199.
Marques, D.M. Capitulo 15: Terrasumidas construidas de fluxo subsuperficial. In Tratamento de Esgotos Sanitarios por Processo
Anaerobio e Disposicao Controladano Solo; Campos, ].R., Ed.; PROSAB/ABES: Rio de Janeiro, Brazil, 1999. (In Portuguese)

Metcalf & Eddy. Wastewater Engineering: Treatment, Disposal, and Reuse, 3rd ed.; Tchobanoglous, G., Burton, FL., Eds.; Metcalf &
Eddy, Inc.: New York, NY, USA; McGraw Hill Inc. International: New York, NY, USA, 2003.

Qasim Syed, R. Wastewater Treatment Plants: Planning, Design and Operation; The University of Texas at Arlington: Arlington, TX,
USA, 1985.

Von Sperling, M. Principios do tratamento biologico de aguas residuarias. In Introducao a Qualidade Das Aguas e Ao Tratamento;
Editora UFMG: Belo Horizonte, Brazil, 1996; Volume 1.

WEF; ASCE. Design of Municipal Wastewater Treatment Plants, 2nd ed.; Joint Task Force of the Water Environment Federation and
the American Society of Civil Engineers: Alexandria, VA, USA, 1992; Volume 1.

Giri, R.; Takeuchi, J.; Ozaki, H. Biodegradation of domestic wastewater under the stimulated conditions of Thailand. Water
Environ. |. 2006, 20, 109-202.

Go, E.; Demir, I. Cost analysis of alternative methods for wastewater handling in small communities. . Environ. Manag. 2006, 79,
357-363.

Mahmood, Q.; Pervez, A.; Zeb, B.S.; Zaffar, H.; Yaqoob, H.; Waseem, M.; Afsheen, S. Natural treatment systems as sustainable
ecotechnologies for the developing countries. BioMed Res. Int. 2013, 2013, 796373. [CrossRef]

Wilderer, P.A.; Schreff, D. Decentralized and centralized wastewater management: A challenge for technology developers. Water
Sci. Technol. 2000, 41, 1-8. [CrossRef]

Otis, R.J. Small Diameter Gravity Sewers: Experience in the Unites States. In Low-Cost Sewerage; Mara, D., Ed.; John Wiley & Sons:
Chichester, UK, 1996.

Parkinson, J.; Tayler, K. Decentralized wastewater management in peri-urban areas in low-income countries. Environ. Urban.
2003, 15, 75-90. [CrossRef]

Seidenstat, P.; Haarmeyer, D.; Hakim, S. Reinventing Water and Wastewater Systems: Global Lessons for Improving Water Management;
Seidenstat, P., Haarmeyer, D., Hakim, S., Eds.; John Wiley & Sons: Hoboken, NJ, USA, 2002.

Paraskevas, P.A.; Giokas, D.L.; Lekkas, T.D. Wastewater management in coastal urban areas: The case of Greece. Water Sci. Technol.
2002, 46, 177-186. [CrossRef] [PubMed]

Massoud, M.A; Tarhini, A.; Nasr, J.A. Decentralized approaches to wastewater treatment and management: Applicability in
developing countries. J. Environ. Manag. 2009, 90, 652-659. [CrossRef]

Mara, D.D. Unconventional Sewerage Systems: Their Role in Low-Cost Urban Sanitation. In Low-Cost Sewerage; Mara, D., Ed.;
John Wiley & Sons: Chichester, UK, 1996.

Gude, V.G.; Magbanua, B.S.; Truax, D.D. Natural Treatment and Onsite Processes. Water Environ. Res. 2014, 86, 1217-1249.
[CrossRef]

Crites, R.; Tchobanoglous, G. Small and Decentralized Wastewater Management Systems; McGraw-Hill: Boston, MA, USA, 1998.
Burian, S.; Nix, S.J.; Pitt, R.E.; Durrans, S.R. Urban Wastewater Management in the United States: Past, Present, and Future.
J. Urban Technol. 2000, 7, 33-62. [CrossRef]

Prihandrijanti, M.; Malisie, A.; Otterpohl, R. Cost-Benefit Analysis for Centralized and Decentralized Wastewater Treatment
System (Case Study in Surabaya-Indonesia). In Efficient Management of Wastewater; Springer: Berlin/Heidelberg, Germany, 2008;
pp. 259-268. [CrossRef]

Garcla, J.; Mujeriego, R.; Obis, ] M.; Bou, ]. Wastewater treatment for small communities in Catalonia (Mediterranean region).
Water Policy 2001, 3, 341-350. [CrossRef]

Kamyotra, ].S.; Bhardwaj, R M. Municipal Wastewater Management in India; India Infrastructure Report; Infrastructure Development
Finance Company: Mumbeai, India, 2011; p. 299.

Kocaman, B.; Yaganoglu, A.V.; Angin, I. An Investigation on Natural Wastewater Treatment System and Re-Usability of
Wastewater in Irrigation. J. Sustain. Agric. 2007, 31, 83-90. [CrossRef]

Zhang, K.; Wen, Z.; Zhang, X. China’s water environment in the beginning of the 21st century: Challenges and counter-measure.
In Proceedings of the IWA Asian Waterqual 2001, Fukuoka, Japan, 12-15 September 2001.

Abbas, H.; Nasr, R.; Seif, H. Study of waste stabilization pond geometry for the wastewater treatment efficiency. Ecol. Eng. 2006,
28, 25-34. [CrossRef]

Brix, H.; Koottatep, T.; Fryd, O.; Laugesen, C. Appropriate and Sustainable Wastewater Management in Developing Countries by
the Use of Constructed Wetlands. In Proceedings of the 3rd IASTED African Conference 2010, Gaborone, Botswana, 6-8 September
2010; pp. 175-180. [CrossRef]

Thullen, J.S.; Sartoris, ].J.; Nelson, S.M. Managing vegetation in surface-flow wastewater-treatment wetlands for optimal treatment
performance. Ecol. Eng. 2005, 25, 583-593. [CrossRef]

Machado, A.P.;; Urbano, L.; Brito, A.G.; Janknecht, P; Salas, J.J.; Nogueira, R. Life cycle assessment of wastewater treatment
options for small and decentralized communities. Water Sci. Technol. 2007, 56, 15-22. [CrossRef] [PubMed]


http://doi.org/10.1155/2013/796373
http://doi.org/10.2166/wst.2000.0001
http://doi.org/10.1177/095624780301500119
http://doi.org/10.2166/wst.2002.0174
http://www.ncbi.nlm.nih.gov/pubmed/12420981
http://doi.org/10.1016/j.jenvman.2008.07.001
http://doi.org/10.2175/106143014X14031280667615
http://doi.org/10.1080/713684134
http://doi.org/10.1007/978-3-540-74492-4_22
http://doi.org/10.1016/S1366-7017(01)00080-0
http://doi.org/10.1300/J064v31n02_06
http://doi.org/10.1016/j.ecoleng.2006.03.008
http://doi.org/10.2316/p.2010.686-075
http://doi.org/10.1016/j.ecoleng.2005.07.013
http://doi.org/10.2166/wst.2007.497
http://www.ncbi.nlm.nih.gov/pubmed/17802833

Sustainability 2022, 14, 3913 14 of 15

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.
93.

94.

95.

96.

97.

98.

99.

100.

101.
102.

Maddaus, W.O.; Gleason, G.; Darmody, J. Integrating conservation into water supply planning. |.—Am. Water Work. Assoc. 1996,
88, 57-67. [CrossRef]

Singh, N.K.; Kazmi, A.A; Starkl, M. A review on full-scale decentralized wastewater treatment systems: Techno-economical
approach. Water Sci. Technol. 2015, 71, 468-478. [CrossRef] [PubMed]

Starkl, M.; Amerasinghe, P,; Essl, L.; Jampani, M.; Kumar, D.; Asolekar, S.R. Potential of natural treatment technologies for
wastewater management in India. J. Water Sanit. Hyg. Dev. 2013, 3, 500-511. [CrossRef]

Sahu, O.; Dubey, A.K. Review on Natural Methods For Waste Water Treatment. J. Urban Environ. Eng. 2014, 8, 89. [CrossRef]
Baideme, M.; Haith, M.; Nahabedian, R.; Quell, K. Distributed Treatment Systems. Water Environ. Res. 2014, 86, 1332-1353.
[CrossRef]

Knight, R.L.; McKim, T.W.; Kohl, H.R. Performance of a natural wetland treatment system for wastewater man-agement. J. Water
Pollut. Control Fed. 1987, 59, 746-754.

Lin, Y.-F; Jing, S.-R.; Lee, D.-Y.; Wang, T.-W. Nutrient removal from aquaculture wastewater using a constructed wetlands system.
Aquaculture 2002, 209, 169-184. [CrossRef]

Verhoeven, ].T.; Meuleman, A.F. Wetlands for wastewater treatment: Opportunities and limitations. Ecol. Eng. 1999, 12, 5-12.
[CrossRef]

Vymazal, ]. Horizontal sub-surface flow and hybrid constructed wetlands systems for wastewater treatment. Ecol. Eng. 2005, 25,
478-490. [CrossRef]

Smith, M.D.; Moelyowati, I. Duckweed based wastewater treatment (DWWT): Design guidelines for hot climates. Water Sci.
Technol. 2001, 43, 291-299. [CrossRef] [PubMed]

Lombard-Latune, R.; Molle, P. Constructed Wetlands for Domestic Wastewater Treatment Under Tropical Climate: Guideline to
Design Tropicalized Systems. Ph.D. Thesis, Agence Francaise pour la Biodiversité, Vincennes, France, 2017.

Cirelli, G.L.; Consoli, S.; Licciardello, E; Aiello, R.; Giuffrida, F.; Leonardi, C.M. Treated municipal wastewater reuse in vegetable
production. Agric. Water Manag. 2010, 104, 163-170. [CrossRef]

Rai, PK; Tripathi, B.D. Microbial contamination in vegetables due to irrigation with partially treated municipal wastewater in a
tropical city. Int. |. Environ. Health Res. 2007, 17, 389-395. [CrossRef] [PubMed]

Ansal, M.D.; Dhawan, A.; Kaur, V.I. Duckweed based bioremediation of village ponds: An ecologically and eco-nomically viable
integrated approach for rural development through aquaculture. 2010. Available online: http://www.lrrd.org/lrrd22 /7 /ansa221
29.htm (accessed on 23 October 2021).

Vipat, V.; Singh, U.R,; Billore, S.K. Effificacy of rootzone technology for treatment of domestic wastewater: Field scale study of a
Pilot Project in Bhopal, (MP), India. In Proceedings of the Taal 2007: The 12th World Lake Conference, Jaipur, India, 28 October-2
November 2007; pp. 995-1003.

Juwarkar, A.S.; Oke, B.; Juwarkar, A.; Patnaik, S.M. Domestic wastewater treatment through constructed wetland in India. Water
Sci. Technol. 1995, 32, 291-294. [CrossRef]

Biniwale, R.B. Application of Natural Methods for Sewage Treatment and Polishing of Treated Wastewater; National Environmental
Engineering Research Institute (NEERI): Nagpur, India, 2012; pp. 216-218.

Mazhar, M.A; Khan, N.A.; Khan, A.H.; Ahmed, S.; Siddiqui, A.A.; Husain, A.; Rahisuddin; Tirth, V.; Islam, S.; Shukla, N.K.; et al.
Upgrading combined anaerobic-aerobic UASB-FPU to UASB-DHS system: Cost comparison and performance perspective for
developing countries. J. Clean. Prod. 2021, 284, 124723. [CrossRef]

Kalbar, P.P. Hybrid treatment systems: A paradigm shift to achieve sustainable wastewater treatment and recycling in India.
Clean Technol. Environ. Policy 2021, 23, 1365-1373. [CrossRef]

Arnstein, S.R. A ladder of citizen participation. J. Am. Plan. Assoc. 2019, 85, 24-34. [CrossRef]

Parkinson, J.; Luthi, C.; Walther, D. Sanitation 21—A Planning Framework for Improving City-Wide Santiation Services; IWNA: London,
UK; Eawag-Sandec: Diibendorf, Switzerland; GIZ: Eschborn, Germany, 2014.

Bright-Davies, L.; Liithi, C.; Jachnow, A. DEWATS for urban Nepal: A comparative assessment for community wastewater
management. Waterlines 2015, 34, 119-138. [CrossRef]

Murray, A.; Cofie, O.; Drechsel, P. Efficiency indicators for waste-based business models: Fostering private-sector participation in
wastewater and faecal-sludge management. Water Int. 2011, 36, 505-521. [CrossRef]

Murray, A.; Mekala, G.D.; Chen, X. Evolving policies and the roles of public and private stakeholders in wastewater and
faecal-sludge management in India, China and Ghana. Water Int. 2011, 36, 491-504. [CrossRef]

Rousso, B.Z.; Pelissari, C.; Dos Santos, M.O.; Sezerino, P.H. Hybrid constructed wetlands system with intermittent feeding
applied for urban wastewater treatment in South Brazil. ]. Water Sanit. Hyg. Dev. 2019, 9, 559-570. [CrossRef]

Tenkorang, A.; Yeboah-Agyepong, M.; Buamah, R.; Agbo, N.W.; Chaudhry, R.; Murray, A. Promoting sustainable sanitation
through wastewater-fed aquaculture: A case study from Ghana. Water Int. 2012, 37, 831-842. [CrossRef]

Choguill, M.B. A ladder of community participation for underdeveloped countries. Habitat Int. 1996, 20, 431-444. [CrossRef]
Ostrom, E. Crossing the great divide: Coproduction, synergy, and development. World Dev. 1996, 24, 1073-1087. [CrossRef]
Muga, H.E.; Mihelcic, ].R. Sustainability of wastewater treatment technologies. J. Environ. Manag. 2008, 88, 437-447. [CrossRef]
Moretto, L.; Faldi, G.; Ranzato, M.; Rosati, EN.; Boozi, ].-P.L; Teller, J. Challenges of water and sanitation service co-production in
the global South. Environ. Urban. 2018, 30, 425-443. [CrossRef]


http://doi.org/10.1002/j.1551-8833.1996.tb06647.x
http://doi.org/10.2166/wst.2014.413
http://www.ncbi.nlm.nih.gov/pubmed/25746636
http://doi.org/10.2166/washdev.2013.016
http://doi.org/10.4090/juee.2014.v8n1.089097
http://doi.org/10.2175/106143014X14031280667859
http://doi.org/10.1016/S0044-8486(01)00801-8
http://doi.org/10.1016/S0925-8574(98)00050-0
http://doi.org/10.1016/j.ecoleng.2005.07.010
http://doi.org/10.2166/wst.2001.0694
http://www.ncbi.nlm.nih.gov/pubmed/11443975
http://doi.org/10.1016/j.agwat.2011.12.011
http://doi.org/10.1080/09603120701628743
http://www.ncbi.nlm.nih.gov/pubmed/17924267
http://www.lrrd.org/lrrd22/7/ansa22129.htm
http://www.lrrd.org/lrrd22/7/ansa22129.htm
http://doi.org/10.2166/wst.1995.0151
http://doi.org/10.1016/j.jclepro.2020.124723
http://doi.org/10.1007/s10098-021-02034-x
http://doi.org/10.1080/01944363.2018.1559388
http://doi.org/10.3362/1756-3488.2015.012
http://doi.org/10.1080/02508060.2011.594983
http://doi.org/10.1080/02508060.2011.594868
http://doi.org/10.2166/washdev.2019.010
http://doi.org/10.1080/02508060.2012.733669
http://doi.org/10.1016/0197-3975(96)00020-3
http://doi.org/10.1016/0305-750X(96)00023-X
http://doi.org/10.1016/j.jenvman.2007.03.008
http://doi.org/10.1177/0956247818790652

Sustainability 2022, 14, 3913 15 of 15

103.

104.

105.

106.

107.

108.

109.
110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Gauss, M. Constructed Wetlands: A Promising Wastewater Treatment System for Small Localities: Experiences from Latin America; World
Bank Policy Research Working Paper Series; SSRN: Rochester, NY, USA, 2008.

Mahadevia, D.; Bhatia, N.; Bhatt, B. Decentralized governance or passing the buck: The case of resident welfare as-sociations at
resettlement sites, Ahmedabad, India. Environ. Urban. 2016, 28, 294-307. [CrossRef]

Iribarnegaray, M.A.; Rodriguez-Alvarez, M.S.; Morafia, L.B.; Tejerina, W.A.; Seghezzo, L. Management challenges for a more
decentralized treatment and reuse of domestic wastewater in metropolitan areas. ]. Water Sanit. Hyg. Dev. 2018, 8, 113-122.
[CrossRef]

Joshi, A.; Moore, M. Institutionalised co-production: Unorthodox public service delivery in challenging environ-ments. J. Dev.
Stud. 2004, 40, 31-49. [CrossRef]

Halkatti, M.; Purushothaman, S.; Brook, R. Participatory action planning in the peri-urban interface: The twin city experience,
Hubli-Dharwad, India. Environ. Urban. 2003, 15, 149-158. [CrossRef]

Molinos-Senante, M.; Hernandez-Sancho, EF; Sala-Garrido, R. Cost-benefit analysis of water-reuse projects for environmental
purposes: A case study for Spanish wastewater treatment plants. J. Environ. Manag. 2011, 92, 3091-3097. [CrossRef] [PubMed]
USAID. Project Evaluation Framework in The Project Appraisal Practioner’s Guide; USAID: New Delhi, India, 2008; Volume V.
Balkema, A.].; A Preisig, H.; Otterpohl, R.; Lambert, E]. Indicators for the sustainability assessment of wastewater treatment
systems. Urban Water 2002, 4, 153-161. [CrossRef]

Mpoller, K.A.; Fryd, O.; de Neergaard, A.; Magid, J. Economic, environmental and socio-cultural sustainability of three constructed
wetlands in Thailand. Environ. Urban. 2012, 24, 305-323. [CrossRef]

Babalola, M.A. A Benefit-Cost Analysis of Food and Biodegradable Waste Treatment Alternatives: The Case of Oita City, Japan.
Sustainability 2020, 12, 1916. [CrossRef]

Verlicchi, P; Sacoto, E.C.A.; Zanni, G. Zootechnical Farm Wastewaters in Ecuador: A Treatment Proposal and Cost-benefit
Analysis. Water 2019, 11, 779. [CrossRef]

Eggimann, S.; Truffer, B.; Maurer, M. To connect or not to connect? Modelling the optimal degree of centralisation for wastewater
infrastructures. Water Res. 2015, 84, 218-231. [CrossRef]

Kihila, J.; Mtei, K.M.; Njau, K.N. Development of a cost-benefit analysis approach for water reuse in irrigation. Int. J. Environ.
Prot. Policy 2014, 2, 179-184. [CrossRef]

Williamson, O.E. The Economics of Organization: The Transaction Cost Approach. Am. J. Sociol. 1981, 87, 548-577. [CrossRef]
North, D. Institutions, Institutional Change and Economic Performance; Cambridge University Press: New York, NY, USA, 1990.
McCann, L.; Colby, B.; Easter, K.W.; Kasterine, A.; Kuperan, K. Transaction cost measurement for evaluating environmental
policies. Ecol. Econ. 2005, 52, 527-542. [CrossRef]

Coggan, A.; Grieken, M.; Boullier, A ; Jardi, X. Private transaction costs of participation in water quality improvement programs
for Australia’s Great Barrier Reef: Extent, causes and policy implications. Aust. J. Agric. Resour. Econ. 2015, 59, 499-517. [CrossRef]
McCann, L.; Claassen, R. Farmer Transaction Costs of Participating in Federal Conservation Programs: Magnitudes and
Determinants. Land Econ. 2016, 92, 256-272. [CrossRef]

Bostedt, G.; Widmark, C.; Andersson, M.; Sandstrom, C. Measuring Transaction Costs for Pastoralists in Multiple Land Use
Situations: Reindeer Husbandry in Northern Sweden. Land Econ. 2015, 91, 704-722. [CrossRef]

Starkl, M.; Stenstrom, T.A.; Roma, E.; Phansalkar, M.; Srinivasan, R.K. Evaluation of sanitation and wastewater treatment
technologies: Case studies from India. . Water Sanit. Hyg. Dev. 2013, 3, 1-11. [CrossRef]

Chakrabarti, S.; Majumder, A.; Chakrabarti, S. Public-community participation in household waste management in India:
An operational approach. Habitat Int. 2009, 33, 125-130. [CrossRef]

Dhokhikah, Y.; Trihadiningrum, Y.; Sunaryo, S. Community participation in household solid waste reduction in Surabaya,
Indonesia. Resour. Conserv. Recycl. 2015, 102, 153-162. [CrossRef]

Abrahams, N.A.; Hubbell, B.J.; Jordan, J.L. Joint Production and Averting Expenditure Measures of Will-ingness to Pay: Do Water
Expenditures Really Measure Avoidance Costs? Am. J. Agric. Econ. 2000, 82, 427-437. [CrossRef]

Boardman, A.E.; Greenberg, D.H.; Vining, A.R.; Weimer, D.L. Cost-benefit analysis: Concepts and Practice; Cambridge University
Press: Cambridge, UK, 2017.

UNFCC. What are Market and Non-Market Mechanisms? Available online: https://unfccc.int/topics/what-are-market-and-
non-market-mechanisms (accessed on 1 March 2022).

Pifieiro, V.; Arias, ].; Diirr, J.; Elverdin, P.; Ibafiez, A.M.; Kinengyere, A.; Opazo, C.M.; Owoo, N.; Page, ].R.; Prager, S.D.; et al.
A scoping review on incentives for adoption of sustainable agricultural practices and their outcomes. Nat. Sustain. 2020, 3,
809-820. [CrossRef]

Ghosh, P;; Ray, D. Cooperation in Community Interaction without Information Flows. Rev. Econ. Stud. 1996, 63, 491-519.
[CrossRef]

Ostrom, E. Governing the Commons: The Evolution of Institutions for Collective Action; Cambridge University Press: Cambridge, UK,
1990.

Blomquist, W.; Ostrom, E. Institutional Capacity and The Resolution of A Commons Dilemma. Rev. Policy Res. 1985, 5, 383-394.
[CrossRef]


http://doi.org/10.1177/0956247815613688
http://doi.org/10.2166/washdev.2017.092
http://doi.org/10.1080/00220380410001673184
http://doi.org/10.1177/095624780301500112
http://doi.org/10.1016/j.jenvman.2011.07.023
http://www.ncbi.nlm.nih.gov/pubmed/21856067
http://doi.org/10.1016/S1462-0758(02)00014-6
http://doi.org/10.1177/0956247811434259
http://doi.org/10.3390/su12051916
http://doi.org/10.3390/w11040779
http://doi.org/10.1016/j.watres.2015.07.004
http://doi.org/10.11648/j.ijepp.20140205.16
http://doi.org/10.1086/227496
http://doi.org/10.1016/j.ecolecon.2004.08.002
http://doi.org/10.1111/1467-8489.12077
http://doi.org/10.3368/le.92.2.256
http://doi.org/10.3368/le.91.4.704
http://doi.org/10.2166/washdev.2013.099
http://doi.org/10.1016/j.habitatint.2008.05.009
http://doi.org/10.1016/j.resconrec.2015.06.013
http://doi.org/10.1111/0002-9092.00036
https://unfccc.int/topics/what-are-market-and-non-market-mechanisms
https://unfccc.int/topics/what-are-market-and-non-market-mechanisms
http://doi.org/10.1038/s41893-020-00617-y
http://doi.org/10.2307/2297892
http://doi.org/10.1111/j.1541-1338.1985.tb00364.x

	Introduction 
	Materials and Methods 
	Wastewater Treatment: Developed vs. Developing Countries 
	Pros and Cons of NTSs 
	NTSs in India 

	Institutional Issues 
	Community Participation and Co-Production 
	Social Cost-Benefit Analysis 
	Implications for Sustainability 

	Summary and Conclusions 
	References

