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Research Interests

e Design and development of decentralized/onsite wastewater treatment systems.

e Solid and/or fecal waste management using Black Soldier Fly Larvae technology and
recovery of value-added products.

e Design and development of advanced aerobic biofilm systems such as Moving Bed
Bioreactors and Integrated Fixed-Film Activated Sludge Reactors

e Techno-economic and life cycle assessment of wastewater treatment systems

e Treatment of municipal and industrial wastewaters using commercial and natural
coagulants.

e Wastewater treatment by advanced oxidation processes

o Cost-benefit analysis of wastewater treatment systems
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Internship/Industrial and Field Experience

One month long industrial training with “IFFCO” Phulpur, Allahabad (Uttar Pradesh).
Three years’ experience of commissioning, operation, maintenance, and assessment of
a UK based hybrid advanced aerobic treatment system (Sponsored by Department of
Science and Technology, India and European Union) under the Indo-European project
SARASWATI.

Four-month experience of operation, maintenance, and analysis of pilot scale PVA gel
media based wastewater treatment system in Jalandhar (Sponsored by KURARAY
Limited, Japan and I.1.T. Roorkee).

Three-month experience of operation, maintenance, and analysis of PVA gel based
nutrient removal system as an option to save Dal Lake, Kashmir (Sponsored by
KURARAY Limited, Japan and I.1.T. Roorkee).

Development and installation of self-sustainable and smart public toilet at Rohtak,
Haryana (as a start-up member of SUKRITI NGO).

Detailed project report preparation of STP for Navrachna Society, Roorkee,
Uttarakhand.

Techno-economic analysis of 20 decentralized wastewater treatment systems in
Northern India based on different technologies such as onsite aerobic package, onsite
anaerobic package, extended aeration, submerged aerobic fixed film, MBBR, RBC,
SBR, WSP, UASB, and MBR.

Job Experiences

1. Presently working as Assistant Professor, Department of Environmental Science and

Engineering, MEFGI, Rajkot, Gujarat (15 April, 2018 onwards).

a) Subjects teaching presently

S. Name of No. of
No. Subject Credits Department/Branch | Semester/Year/Program
. Environmental
1 Elements_ of C_hemlcal 5 Science and AthondiuG
Engineering : .
Engineering
5 Design of Water 5 Environmental 61/39/ UG

Treatment Units Science and




Engineering

Environmental
3. Water and Wastewater 6 Science and 15Y2M/PG
Treatment Scheme - 11

Engineering
n Water Pollytl_on and 3 M. Sc. Er_1V|ronmentaI 1st/1st/PG
Remediation Sciences
b) Subjects taught previos semester(s)
Name of No. of
S. No. Subject Credits Department/Branch Semester/Year
Wastewater Environmental
1. > 8 Science and 7M/4% UG
Engineering . .
Engineering
2 Stoichiometry 5 Chemcial 3"/2"/ UG
Engineirng

b) M. Tech. Dessertation Guidance (1 No., Department of Env. Sci. and Eng.)

Thesis title: Textile Industry Wastewater Treatment by Using Moringa oleifera Seed
powder

c) B. Tech. Project Guidance (3 No., Department of Env. Sci. and Eng.)

d) Departmental Portfolio charges: 1) Lab In-charge (2 times); 2) Engineering Exploration;
3) E-cell departmental coordinator; 4) IPR cell departmental coordinator; 5) Class

coordinator (UG 1st sem).
e) Industrial visit of B. Tech 7" semester students to Nirma, Bhawnagar, Gujarat.

f) 2 days Faculty Development Program at Marwadi Education Foundations Group of

Institutions.

g) 2 conference papers of B. Tech students presented in “6" IWA Regional Membrane
Technology Conference (IWA-RMTC2018)” held at Gujarat, India.

h) Designed a M. Tech. specialization courses (Water and Wastewater Management).

2. Program Officer (Technology), Tata Water Mission, Tata Trusts (7 August, 2017 to 26
March, 2018).
Key tasks performed

a) Designed and implemented campaigns with SHGs and NGOs to promote safe

drinking water practices in rural parts of the North east states.



b)

9)

h)

)

k)

Stakeholder engagement with state government of Assam and other private
organization for WASH alliance which helped in increasing the momentum of
Swachh Bharat Mission in the rural areas of North east states.

Supported in developing an output based monitoring mechanism for community
owned arsenic and iron treating water treatment plant with University of California
team.

Design and Development of operational matrix for smooth and efficient functioning
of Arsenic and Iron removal plant to ensure sustainability.

Assessment and implementation of ultra-filtration based water treatment units for
Schools at Kolkata, India.

Feasibility study of Aquatron Sewage Separator (faecal separating system based on
whirlpool, gravitation and surface tension technique) at Hyderabad, India

Erection and commissioning of RO based water treatment plant at VVaibhavwadi,
Sindhugarh (Maharashtra)

Feasibility study of evapotranspiration technology based toilet systems for
northeast rural areas.

Feasibility study of Jalkalp filter (a modified version of slow sand filter) to address
pathogen, iron, arsenic, and turbidity problem in rural areas of northeast states.
Feasibility study of Livinguard technology (A textile based disinfection system) to
address various problems such as drinking water purification, wastewater treatment,
personal hygiene etc.

Feasibility study and planning of infrastructure development and wastewater
treatment solutions for Nagpur mental hospital, Nagpur (Maharashtra)

Feasibility and technical assessment of NUF filtration unit for isolated and hilly

locations to address water contamination by viruses, bacteria, and colloidal matters.

m) Troubleshooting and assessment of solid media based water disinfection units

n)

0)

P)

(PurAll) at remote location of Mussoorie, Uttarakhand.

Feasibility study and technical assessment of Taraltec reactor (a mechanical
disinfection unit) to address the problem of rural areas across India.

Feasibility study and technical assessment of Vinnovate Puribag (a powdered
disinfectant) to address the problem of water contamination in remote and isolated
locations in Northeast states.

Assessment of Drinking water supply and distribution system in rural areas of
Dahod, Guijarat.



g) Troubleshooting and assessment of Tiger toilet units in two villages of Dahod,
Guijarat.

r) Feasibility study of solar based water supply distribution system at Kelish village,
Aizawl (Mizoram).

s) Review and assessment of toilet units and rainwater harvesting systems in hilly
areas (Tuensang town) of Nagaland state.

t) Installation, monitoring, and assessment of a community owned arsenic and iron
removal water treatment plant at Nalbari district of Assam state.

u) Testing and assessment of point of use treatment systems (Tata Swachh Filters) at
remote and isolated locations of Meghalaya state.

Chemical Engineer, Sugar Division of DCM Shriram Consolidated Limited during the
period of July, 2008 to June, 2010.

Key task performed

a)

b)

c)

d)

Performance evaluation of Batch crystallizer (Manual Vs. automated) in terms of
Capacity utilization, cycle time & Nutch purity.

Water management of plant and maximizing the recycling of water without affecting
the quality of products and by products.

Monitoring and assessment of wastewater treatment plant treating effluent of sugar
manufacturing industry.

Shift handling in Crystallization section of Plant.

PROFESSIONAL PROFILE

Advisory Board Member

Next2waste Priavte Limited (An I.1.T. Roorkee incubated Start-up)
Freshrooms LifeSciences Private Limited.

Ongoing projects

1.

Baseline study, sustainability assessment, and upscaling of adsorption based Arsenic,
Iron, and Fluoride treating water treatment plants across northeast states.

Design and development of Upflow Anaerobic Sludge Membrane Bioreactor.

Solid and faecal waste management using Black Soldier Fly Larvae technology.
Potential Assessment of ZnO photocatalyst for the treatment of real wastewater

generated from a textile industry



Textile industry wastewater treatment treatment using Moringa Oleifera seeds, a
natural coagulant.

Municipal and industrial wastewater treatment in a polyvinyl alcohol (PVA) gel media
augmented moving bed-sequential batch biofilm reactor (MB-SBBR).

Seminars delivered

1
2
3
4
5.
6
7
8
9

Wastewater treatment by Integrated Fixed-Film Activated Sludge Process (PhD)
Techno-economic assessment of small scale wastewater treatment systems (PhD)
Waste Water Treatment by Membrane Bio Reactor (Post Graduate)

Design of wastewater treatment scheme for Fertilizer Industry (Post Graduate)
Environmental Impact Assessment of Nuclear Power Plant (Post Graduate)
Nanotechnology and its impacts on environment (Post Graduate)

To Facilitate the Sugar Industry to Reduce Attrition Rate (Job)

Fuel Cells (Graduate)

Heat Exchanger Design (Graduate)

Reviewers of Journals

Urban Water Journal (Taylor & Francis)

Desalination & Water Treatment (Taylor & Francis)

Journal of Water Sanitation and Hygiene for Development (IWA)
Water Research (Elsevier)

CLEAN - Soil, Air, Water (Wiley Online Library)

Science of Total Environment (Elsevier)

Journal of Environmental Chemical Engineering (Elsevier)
Bioresource Technology (Elsevier)

Journal of Cleaner Production (Elsevier)

Journal of Water Resource Planning and Management (ASCE)
Sustainable Energy Technologies and Assessments (Elsevier)
Environment, Development, and Sustainability (Springer)
Journal of Water Process Engineering (Elsevier)

Chemical Engineering Journal (Elsevier)

Sustainable Cities and Society (Elsevier)

Environmental Nanotechnology, Monitoring & Management (Elsevier)



e Environmental International (Elsevier)

e Environmental Technology & Innovation (Elsevier)
e Exposure and Health (Springer)

e Powder Technology (Elsevier)

e Industrial Chemistry and Research (ACS)

Technical Society Memberships

1. American Society of Civil Engineering (Membership ID: 10538884)
2. International Water Association (Membership ID: 1601034)
3. Institution of Engineers, India (Membership ID: AM157531-5)

PhD Thesis
Integrated Fixed-Film Activated Sludge Process for Sewage Treatment.

Research Supervisor

Dr. Absar Ahmad Kazmi
Professor

Environmental Engineering Group
Dept. of Civil Engineering

Indian Institute of Technology, Roorkee, India

Master’s Dissertation
Zinc oxide mediated heterogeneous photocatalytic degradation of methyl red dye under UV

and Solar light.

Research Supervisor

Dr. Anjali Pal

Associate Professor

Environmental Engineering Section

Dept. of Civil Engineering

Indian Institute of Technology, Kharagpur, India
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Coal transport by railways has clear advantages over road transport for longer run but it is not too free
from associated environmental impacts such as ambient air well as soil pollution in vicinity of coalfields
and siding areas. Present study systemically investigated the ambient atmospheric pollution using
comprehensive monitoring and analyses of the air pollutants, their statistical behaviors, and estimation
of the role of transportation mode for the evacuation of coal in two different coalfield areas. The
meteorological parameters such as temperature, humidity, wind speed, and wind direction were
collected together with particulate matters, gaseous pollutants and trace metals. The potential con-
tributors were analyzed using principal component analysis. The association between particulate matters
of different sizes was also explored using linear regression analysis. The bipolar plot is used in this study
to examine the role of wind speed and wind direction on dilution of the pollutant concentration. We also
developed an aggregate Air Quality Index, commonly used to indicate the level of severity of air pollution
to the public, based on the combined effects of considered pollutants was taken into account the Indian
coal mine standards. Results revealed that Kaniha area, dominated by rail transport, is more polluted
than Kulda area having road way as main mode for coal handling and transport. Thus railways pose
specific challenges i.e. transportation of in-pit coal through road to railway siding and then loading and
unloading at rail siding and requires further mitigation measures to make the railway transport as the
appropriate choice for similar future projects like introduction of in-pit conveyor to silo loading system.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Amongst all the available fossil fuels, India's biggest asset is coal
and it has shown an impressive growth in last two decades (Dubey
et al., 2012; Dontala et al., 2015). At present, ~90% of total coal
production in India, come through opencast mines (Sahu et al,
2018). However, the excavation of huge land area in opencast
method for coal production (Ghose and Majee, 2002; Chaulya,
2004) causes significant land degradation, human resettlement,
water and air pollution, and global warming (Meng et al., 2009).
Furthermore, in this method of mining, fugitive dust emission is
very high (Fitzpatrick, 2018; Samara et al., 2018) as heavy earth

* Corresponding author.
E-mail addresses: manishyadavonline@gmail.com (M. Yadav), satya.prakash42@
gmail.com (S.P. Sahu), nitinkumar.singh@marwadieducation.edu.in (N.K. Singh).
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moving machineries are involved for different activities such as
drilling, blasting, dozing, dragline, loading and unloading of coal
and overburden (the soil and rock lying between the surface and a
coal seam), heavy vehicles operating on unpaved roads, crushing
and processing of coal, wind erosion of coal (Ghose and Majee,
2002), and overburden stockpiles (Patra et al.,, 2016; Xu et al,
2017). Thus, all these activities affects the ambient air quality and
poses threats to life of humans dwelling in nearby areas (Gautam
et al., 2012, 2016, 2018). Moreover, atmospheric contaminants
which originate from various mining processes, may lead to the
higher possibilities of various health issues such as cardiovascular,
cardiopulmonary, lung, kidney, and respiratory diseases (Humbal
et al,, 2018). Some of the potential and reported health hazards
are asthma, coal miners' pneumoconiosis due to inhalation of coal
dust, mesothelioma, bronchitis, cardiovascular diseases, and sili-
cosis etc. (Kurth et al., 2015; Li et al., 2018). In present scenario, one


mailto:manishyadavonline@gmail.com
mailto:satya.prakash42@gmail.com
mailto:satya.prakash42@gmail.com
mailto:nitinkumar.singh@marwadieducation.edu.in
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jclepro.2018.09.254&domain=pdf
www.sciencedirect.com/science/journal/09596526
http://www.elsevier.com/locate/jclepro
https://doi.org/10.1016/j.jclepro.2018.09.254
https://doi.org/10.1016/j.jclepro.2018.09.254
https://doi.org/10.1016/j.jclepro.2018.09.254

Urban Climate 28 (2019) 100470

Contents lists available at ScienceDirect

Urban Climate

journal homepage: www.elsevier.com/locate/uclim

Source apportionment of particulate matter, gaseous pollutants,
and volatile organic compounds in a future smart city of India

Check for
updates

Manish Yadav®, Kusum Soni”, Bhupendra Kumar Soni¢, Nitin Kumar Singh®*,
Babu Ram Bamniya”

@ Central Mine Planning and Design Institute, India

b Department of Environmental Sciences, Mohanlal Sukhadia University, Udaipur 313001, India

€ Rajasthan Pollution Control Board, Regional Office, Udaipur 313001, India

4 Department of Environmental Science and Engineering, Marwadi Education Foundation's Group of Institutions, Rajkot 360003, India

ARTICLE INFO ABSTRACT

Keywords: In the present research study, identification and analysis of sources of conventional as well as
Source apportionment emerging air pollutants is presented through source apportionment and trajectory analysis. In
PI_VIF ] this regard, an extensive monitoring campaign was done in Udaipur city of India for particulate
Bivariate plots matter (PM, s and PM,), gaseous pollutants (NO, NO,, NOx, O3, CO, NHs, SO.), and selected

Conditional probability function

. ] volatile organic compounds i.e. Benzene, Ethyl Benzene, Toluene, and Xylene. The collected data
Trajectory analysis

was analyzed using positive matrix factorization (PMF), a well-known multivariate receptor
model to predict the major sources of air pollution. The PMF resolved four dominant pollution
sources/factors: petroleum/solvent extraction activities, vehicular emissions, fertilizer industry,
and mining activities. More specifically, the petroleum industries contributed to emission of
VOCs; vehicular emissions contributed mainly to CO, NO, NOx, and NO,; fertilizer related ac-
tivities dominated in emission of NH; and SO,; and mining activities were observed to be as-
sociated with emissions of PM;o, PM, 5, and O3. Moreover, trajectories analysis (backward and
forward) were performed using HYSPLIT model, which revealed that the wind direction and wind
speed played significant role in varying concentrations of monitored pollutants. Overall, the
present study provided a new insight for the source apportionment of monitored pollutants.

1. Introduction

Undoubtedly, the world is experiencing today two serious environmental concerns i.e., air pollution and water pollution (Ghosh
et al., 2018; Kalaiarasan et al., 2018; Humbal et al., 2018). Between these two, air quality degradation has been considered a critical
factor in crumbling the wellbeing of humans, with an annual estimated economic cost of US $ 0.3-1.3 billion (Singh et al., 2017).
Some of the significant health effects associated with the most common air pollutants include asthma, pulmonary diseases, cardi-
ovascular diseases, and cancer (Yao et al., 2016; Cetin et al., 2018; Taghvaee et al., 2018). India, having a remarkable geographic

Abbreviations: CMB, Chemical Mass Balance; CPCB, Central Pollution Control Board; CPF, Conditional Probability Function; FA, Factor Analysis;
GDP, Gross Domestic Product; GOI, Government of India; HYSPLIT, Hybrid Single Particle Lagrangian Integrated Trajectory; NAAQS, National
Ambient Air Quality Standards; NOAA, National Oceanic and Atmospheric Administration; PCA, Principal Component Analysis; PM, Particulate
Matter; PMF, Positive Matrix Factorization; VOCs, Volatile Organic Compounds; WHO, World Health Organization
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Case Study

Performance and Cost Analysis of
Decentralized Wastewater Treatment Plants
in Northern India: Case Study

Nitin Kumar Singh, S.M.ASCE"; and Absar Ahmad Kazmi?

Abstract: In this study, a techno-economic analysis of 16 decentralized wastewater treatment plants (WWTPs) based on various technol-
ogies was performed in northern India. Six elements including treatment performance, land use, capital investment, operation and main-
tenance, cost of treatment, and electricity consumption are discussed in this study. The technologies assessed are extended aeration (EA),
moving bed bioreactor (MBBR), sequential bioreactor (SBR), rotating biological contactor (RBC), on-site package (aerobic and/or anaero-
bic), and membrane bioreactor (MBR). The results indicate that the treatment efficiencies of all cluster-type WWTPs differed significantly
from on-site anaerobic package (AnP) types. On the other hand, the treatment efficiencies of on-site aerobic package (AP) systems were
reasonably comparable to those of cluster-type plants. The land use for on-site package treatment systems was estimated between 0.125 and
0.8 m? per population equivalent (pe) and higher than for cluster-type WWTPs, which require between 0.039 and 0.159 m?/pe. The data
collected from this study show that package plant treatment costs are high compared with those of cluster types, ranging from US$0.0676 to
0.1045 (£10%) and from US$0.0353 to 0.1891/m? (+15—20%), respectively. Cost-benefit analysis (CBA) was undertaken for all the
WWTPs and among the considered environmental benefits nitrogen removal contributed to the most. Moreover, the operation of WWTPs
was found to be economically viable even without the sale of treated water, except for one AnP plant. For all plants evaluated, specific power
consumption (SPC) was found to vary between 0 and 1 kW /m?3. DOI: 10.1061/(ASCE)WR.1943-5452.0000886. © 2017 American Society
of Civil Engineers.

Author keywords: Cost-benefit analysis; Performance evaluation; Wastewater treatment; Cost utilization; Energy consumption; India.

Introduction

For the last three decades, developing countries, especially in Asia,
have faced many challenges in wastewater management (Diaz and
Barkdoll 2006). One of the biggest is financial constraints in estab-
lishing treatment systems. The cost of wastewater treatment plants
(WWTPs) has brought economic pressure on environmental engi-
neers and policy makers to design cost-effective and environmen-
tally sound treatment systems to control water pollution (Tecle et al.
1988; Shabman and Stephenson 2000; Tsagarakis et al. 2003; Sato
et al. 2007; Rousseau et al. 2008; Mburu et al. 2013). In the past,
treatment system selection was mostly biased toward treatment
performance, but in practice, the long-term viability of a system
depends on the capital investment and operation and maintenance
(O&M) costs. Furthermore, the limitations of treatment objectives
such as effluent quality and usable byproducts, and available re-
sources including land availability, investment costs, operational
costs, and energy requirement also increase the complexity of
the problem (Poch et al. 2004; Flores-Alsina et al. 2010).

In the last two decades, decentralized WWTPs have been re-
ported to be more appropriate and cost-effective than centralized
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systems, especially for small communities (Butler and MacCormick
1996; Wilderer and Shereff 2000; Paraskevas et al. 2002; Massoud
et al. 2009; Woods et al. 2012; Wong et al. 2016; Allison and
Kaminsky 2016). Several wastewater treatment technologies are
available but choosing an appropriate one is still very challenging,
especially when the selection is more biased toward resource avail-
ability and local conditions (Brown 1991; Paraskevas et al. 2002;
Engin and Demir 2006; Libralato et al. 2012; Mburu et al. 2013;
Singh et al. 2015). Although all technologies have benefits and
drawbacks, a timely integrated assessment is needed with respect
to local conditions (Wicklein 1998; Kalbar et al. 2012). The lack
of performance and/or cost utilization data in developing countries
can also lead to selection of inappropriate systems in relation to local
conditions and/or financial, social, or cultural acceptability (Poch
et al. 2004; Hamouda et al. 2009; Flores-Alsina et al. 2010;
Moller et al. 2012; Molinos-Senante et al. 2012, 2014). Because
of this, selection of an appropriate wastewater system enabling sus-
tainable development presents a challenge to national, regional, and
local design agencies. Selecting an appropriate wastewater treatment
technology according to a set of resources and constraints in devel-
oping countries such as India is an earnest need of the hour. Despite
this fact, it has received less attention than environmentally or tech-
nologically focused assessments. On the other side, various re-
searchers have assessed techno-economic efficiency of WWTPs
in developed countries (Hernandez-Sancho et al. 2010, 2011;
Sala-Garrido et al. 2012; Molinos-Senante et al. 2014; Guerrini
et al. 2015). India, being a developing country, has closely followed
most of the advances in wastewater technologies of developed coun-
tries. However, the implementation of these technologies at full
scale is largely influenced by the availability of resources and local
conditions of developing countries. Besides, in an era in which tech-
nological developments are taking place at a high pace, there is a
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In the present study, assessment of a single stage integrated fixed film activated sludge (IFAS) reactor
treating municipal wastewater and subjected to various dissolved oxygen (DO) stresses, is done in terms
of treatment performance and changes in bio-chemical characteristics of activated sludge. Results ob-
tained from experimental revealed that the DO concentrations of 0.5, 2.5, and 4.5 mgL~" affected sig-
Keywords: nificantly the performance of IFAS reactor. The optimal DO concentrations for the efficient removals of
Dissolved oxygen stress organics, nitrification, denitrification, and total nitrogen were recorded as 4.5, 4.5, 2.5, and 2.5 mgL~!, re-
IFAS spectively. Biological phosphorus removal (BPR) efficiency of pilot deteriorated significantly at high DO
Microbial communities (4.5mgL") levels. Insignificant variation in SVI values (190-245 mLg~') was observed at different DO
N“tfief‘t removal phase experiments. The macromolecular composition) of activated sludge was also determined in terms
Organic removal of lipids, proteins and polysaccharides content. Moreover, activated sludge characterization results re-
Protozoan population . . s . . .
vealed that the dominance of micro fauna (ciliated protozoa) and microorganisms (gram characteristics)
was different at different DO levels. Overall, the optimal DO concentration was suggested as 4.5 mgL~!
for the IFAS system as it not only achieved high organics removal efficiency and but also minimized the

sludge production with high sludge retention time.
© 2016 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

1. Introduction

In the last 20 years, activated sludge/biofilm hybrid system,
also called integrated fixed film activated sludge (IFAS) reactor
have been established as a simple-yet-robust, flexible and compact
solution for municipal and industrial wastewater treatment. To
date, various treatment configurations of IFAS technology such
as aerobic, anoxic or anaerobic have also been documented in
literature at lab, pilot and full scale levels [7,12,14,16,23-25].
Although IFAS technology based systems have shown their great
potential in developed countries but its applications in developing
countries are still in infantry phase either due to less practices
or fear from using these technologies [1,5,6,19]. As reported by
various researchers, the primary objective of IFAS systems, is to
sustain under stresses conditions such as varying dissolved oxygen
concentrations, flow, and organic loading rates [2,10,18]. Among
the aforementioned stresses, dissolved oxygen (DO) concentra-
tion is an important operating parameter in aerobic biological
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treatment which determines the overall efficiency of oxidation,
nitrification, denitrification, and nitrate accumulation treatment
system. DO levels not only affects the removal efficiencies of
pollution governing parameters, but also shows the impact on the
characteristics of microbial communities [30,31,9,33,28,17].

As IFAS technology based processes involve a large amount of
biomass, which require a requisite amount of DO levels in the
aerobic zone, this system needs to be critically analyzed at low
to moderate DO levels (0.5-4.5mgL~'). In literature, a range of
2-3mgL~! is generally suggested for IFAS systems but actual re-
quirement must be governed by the removal of priority pollutants
[21,22]. On the other side Hitherto, several lab scale IFAS systems
have been investigated at low to high DO conditions in the aero-
bic zone to achieve the maximum capacity of the system, but it
would not also be wrong to say that the results of lab scale stud-
ies are rarely applied to full scale systems. In general, literature
data are contradictory and performance results are not for practi-
cal applications under low and high dissolved conditions. Finally,
we hypothesize that microbial abundance and diversity are influ-
enced by oxygen availability, which is key to understanding pro-
cess resilience in future applications of IFAS system.

1876-1070/© 2016 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
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A review on full-scale decentralized wastewater
treatment systems: techno-economical approach

Nitin Kumar Singh, A. A. Kazmi and M. Starkl

ABSTRACT

As a solution to the shortcomings of centralized systems, over the last two decades large numbers of
decentralized wastewater treatment plants of different technology types have been installed all over
the world. This paper aims at deriving lessons learned from existing decentralized wastewater
treatment plants that are relevant for smaller towns (and peri-urban areas) as well as rural
communities in developing countries, such as India. Only full-scale implemented decentralized
wastewater treatment systems are reviewed in terms of performance, land area requirement, capital
cost, and operation and maintenance costs. The results are presented in tables comparing different

technology types with respect to those parameters.

Key words | decentralized systems, performance indicators, small community, sustainability indi-

cators, wastewater

INTRODUCTION

Rapid growth in population, urbanization, industrialization,
and demand of energy has drawn attention of many
researchers towards the scarcity of clean water. Globally,
billions of people are suffering due to inappropriate sani-
tation and wastewater treatment and unavailability of
useable water. The situation is particularly grave in smaller
towns (or peri-urban areas) and rural communities in devel-
oping countries. Worldwide, around 40% of the population
lacks basic sanitation and 25% of the developing country
urban dwellers lack access to sanitation services, with a
much higher percentage for the rural populations of devel-
oping countries reaching up to 82% (Ho 2005; Massoud
et al. 2009; Chong et al. 2012). The adverse effect of this situ-
ation on hygienic, environmental and ultimately social
aspects is well documented (Abegglen & Siegrist 2006;
Fach & Fuchs 2010).

Limited financial resources demand environmental
engineers to design environmentally and economically sus-
tainable wastewater treatment systems. From an economic
perspective in particular, the differentiation in centralized
and decentralized systems is of relevance. A definition of
both types of system as well as an overview of their respect-
ive advantages and disadvantages can be found in Starkl
et al. (2012). This paper focuses on decentralized
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wastewater treatment systems, which are often considered
as more sustainable options as compared with centralized
alternatives, in particular in small towns and peri-urban
areas as well as rural communities in developing countries
(Nanninga et al. 2012). Further, many centralized treatment
plants have been found to be unable to cope with stringent
environment legislation in developing countries (Schories
2008). Consequently, over the last decade many researchers
have studied various decentralized options for wastewater
management, for example, Beausejour & Nguyen (2007),
Galvao et al. (2005), Fane & Fane (2005), Starkl et al.
(2007) and Meuler ef al. (2008). Some of the typical advan-
tages attributed to decentralized systems are that they can
be installed without requiring a huge budget especially at
isolated locations or that they save money otherwise
required for a sewerage network and increase the possi-
bility of reuse of treated water without extra expenditure
required for the water supply network (Massoud et al.
2009; Wang 2014).

The objective of this paper is to summarize the infor-
mation available in literature on full-scale decentralized
wastewater treatment plants worldwide. The review will
help in identifying current knowledge gaps with respect to
decentralized wastewater management.
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