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World Health Organization

EXECUTIVE SUMMARY
Water is a key component of open concern around the world. Improper use and poor
administration of water assets have an inexorably negative impact on financial
development, on social welfare and on the world's eco-frameworks.
For quite a while the requirement for effective wastewater treatment was disregarded and
ignored by many authorities around the world. Especially developing countries have
overlooked the scenario due to many reasons especially financial constraints. As a result
the performance of existing treatment technologies and the conditions of sanitation
facilities are rather poor. At many parts the sewage is drained out untreated in open drains
or surface reservoirs and ground waters without adequate handling.
Thus the situation is getting worse day by day. There is need to ensure good performance
and high coverage of wastewater treatment, especially in developing countries under
limited financial resources and restricted human and institutional capacities.
DEWATS is structured as a component of comprehensive wastewater strategies: it takes
into consideration not only the technical requirements for efficient wastewater treatment
at a given location, but also the local socio-economic conditions.
The permanent and continuous treatment of sewage flows through DWTS ranging from
1–1000m3 per day, both from domestic and industrial sources, should be assured by its
values of "reliability" and "longevity."
By their versatility, efficiency and cost effectiveness, DWTS are designed to complement
centralized wastewater treatment technologies and strategies to reduce overall
wastewater production. The treated water can be reused for various potable and nonpotable purposes, hence reducing the burden on local water supplies and water scarcity.
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Since, wastewater treatment and sanitation is such a complicated subject with all its
consequences, this content is focused on providing a basic knowledge applicable to
DWTS dissemination. This guide shall also help planners, designers and administrative
authorities to get basic knowledge and understanding of DWTS.

SECTION 1: BACKGROUND
Access to water and sanitation is essential human necessity and essential for good health
and dignified living, particularly, to the displaced people, given the vulnerability of
situation. With the rapid pace of urbanization in Asian developing countries especially in
Pakistan, there is a dire need not only to improve the existing inadequate water supply
and sanitation services but also plan to meet future demand. In this context, efforts have
been made by the various organizations in recent years in Pakistan to address the critical
shortage of water and sanitation services by boosting water, sanitation, and hygiene
(WASH) projects. Unfortunately no satisfactory or cutting edge solutions were developed
to effectively meet the millennium development goal (MDG) i.e., “Halving the proportion
of people without sustainable access to safe drinking water and basic sanitation”.
Furthermore, for meeting the sustainable development goals (SDGs) from 2000 to 2015
to achieve open defecation free (ODF), further measures need to be taken to achieve
2015-2030 SDGs. Therefore, there is a need to develop WASH solutions which are
economical, effective, and easy to install/ operate/ maintain.
Furthermore, the notion that water is plentiful – it covers 70% of the planet – is false, as
only 2.5% of all water is freshwater. It is not just population that is pressuring water
resources. Excessive use is also evident: the global population tripled in the 20th century,
but the use of water increased six-fold. Over 2 billion people live in countries experiencing
high water stress. (UN, 2018). 700 million people worldwide could be displaced by intense
water scarcity by 2030. (Global Water Institute, 2013). Between now and 2050, water
demands are expected to increase by 400% from manufacturing, and by 130% from
household use. An estimated 3.9 billion – or over 40% of the world’s population - will live
in severely water-stressed river basins.
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Water scarcity in Pakistan is a very serious issue particularly in large cities where per
gallon cost of water is higher than any other rural areas of Pakistan. Poor agriculture
practices and increased urbanization is also one of the major cause of water crisis in
Pakistan. Total actual renewable water resources in Pakistan has decreased from 2,961
cubic meters per capita in 2000 to 1,420 cubic meters in 2005 and approximately 1000
cubic meters in 2018. If the current trend continues, it would go as low as 550 cubic
meters by 2025 (UNWWDR, 2009).
Currently, water recycling and reclamation is widely accepted as a sustainable option in
response to the general increase in the demand for fresh water and to water shortages
and environmental protection. Thus, wastewater treatment technologies can be best
available option for water reuse and reclamation. Hence, there is a need for sustainable
and decentralized wastewater treatment technology to manage the water shortages by
reusing the treated water. These treatment solutions have to be sustainable and practical
in meeting the World Health Organization (WHO) standards, National Environmental
Quality Standards (NEQS) of Pakistan for inland wastewater discharge, and lastly Sphere
Standards (minimum standards in core areas for humanitarian assistance).
One such sanitation solution after analyzing existing models and their subsequent
shortcomings was designed and developed at laboratory scale at NUST known as
Decentralized Wastewater Treatment System (DWTS).

The journey begins from

laboratory scale to pilot and then full scale development of DWTS. Till now two full scale
DWTS are established in Tehsil Jatoi, District Muzaffargarh and Punjab Local
Government Agency (PLGA). Decentralized wastewater treatment systems are able to
meet water reuse criteria with reasonable operational and maintenance costs. The
effluent from conventional technologies cannot meet water reuse standards. Therefore,
membrane bioreactor DWTS treatment technology can be the technology of choice in
Pakistan for water reuse.
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SECTION 2: INTRODUCTION TO DWTS
As urbanization quickly advances over the world, the interest for on-site sanitation is
additionally expanding. So as to accomplish sustainable sanitation solutions, we have to
beat the constraints of customary centralized wastewater treatment & sewerage systems.
'Decentralized Wastewater Treatment System' (DWTS) alludes to an integrated approach
to deal with treating household wastewater.
DWTS may be defined as the collection, treatment, and disposal/reuse of wastewater
from individual homes, clusters of homes, isolated communities, industries, or institutional
facilities, as well as from portions of existing communities at or near the point of waste
generation. In short decentralized is an approach rather than construction. Hence,
Decentralized Wastewater Treatment Solutions (DWTS) are based on the principles of
decentralization, simplicity and reuse of the treatment products. DWTS can treat both
domestic and organic industrial wastewater and are reliable, long lasting and tolerant
towards inflow fluctuations.
Decentralized Wastewater Treatment System (DWTS) offers controlled anaerobic
digestion of domestic waste- minimizing vector borne diseases, requires less spatial
coverage and controls the odor problem as well. DWTS offers smart alternative for
communities considering new systems or modifying, replacing, or expanding existing
wastewater treatment systems. Research conducted at NUST Islamabad concluded that
DWTS effluent quality meets National Environmental Quality Standards (NEQS) for
discharge in inland water and obtained effluent is safe for re-use in agriculture (by Indian
and American standards).
DWTS are most suitable in context of developing as well as water scarce countries as it
is cost effective technology that doesn’t require extensive sewerage network. The treated
effluent can be used for non-potable purposes thus reducing the daily water demand.
DWTS is an approach instead of a development only. DWTS can be applied to provide
context-specific sanitation services using regional expertise and technologies. The
system is capable of handling household wastewater from primary to tertiary level and is
9
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typically a community / committee-managed system. DWTS can provide a source of
renewable energy in terms of biogas generation. It is also possible to use the effluent for
aquaculture and irrigation. The system has also the capacity to run without any external
source of energy.

2.1 DWTS for systematic approaches for sanitation
Urbanization, industrial development and expansion of agricultural production have a
significant impact on water resource quantity and quality. Global trends shows overexploitation of water bodies and water quality depletion. The growing demand for
freshwater supplies and rapidly changing patterns of production and consumption are
directly linked to ground and surface water contamination.
One-third of the world's population now lives in countries with moderate to high water
stress. Since last decade of 20th century, some 80 nations, comprising 40% of the world's
population, have suffered severe water shortages in urban and rural areas–in many cases
the result of socio-economic development over the past decades (ADB 2006).
Although the challenge to water resources is not just a problem in developing countries,
the world's poorest people are particularly affected. While on the side of drinking water,
changes/ improvements are tracked, the problem on the side of sanitation is clearly much
greater than it was expected. Decentralized wastewater treatment systems is a
comprehensive approach towards wastewater and sanitation strategies. It is the best
example and most suitable option for on-site treatment in urban, peri-urban and rural
communities.

2.2 DWTS sustainable treatment of wastewater at local level
In the developing world private and public bodies face various problems in terms of
wastewater treatment and safely managed sanitation and hygiene. Centralized and
conventional wastewater treatment systems have various problem including requirement
of extensive sewerage networks, high capital and operational costs, nuisance in terms of
odor. Hence, the rapidly growing demand can only be met with the assistance of other
technical and financial viable solutions, which should ideally fulfil the following criteria:


Appropriate for very different local conditions and scalable applications



provide consistent and efficient treatment of domestic and process wastewater
10

CONCEPT REPORT ON DECENTRALIZED WASTEWATER TREATMENT SYSTEM (DWTS)



Need only short phases of preparation and execution



moderate investment cost

 limited requirements for operation and maintenance
Decentralized wastewater treatment system (DWTS) are best suitable option as it fulfills
the above mentioned criteria in all respects. With the application of DWTS in developing
countries the both water reuse/reclamation and safely managed sanitation can be
achieved in a sustainable manner. Hence, DWTS is the best option for sustainable and
localized wastewater treatment.

2.3 Advantages of DWTS
The main advantages of DWTS are:
Simple system design


No mechanical components



Simple process design based on gravity flow

Compact footprint


Less space requirement than other conventional treatment systems



Less construction & operation cost



Simple construction



Less technical operator requirement

Low maintenance requirement


Requires periodic maintenance only



Energy efficient



Anaerobic Process without aeration requirement making it cost effective

Nuisance free technology
•

Nuisance free technology, more environmental friendly

•

The treated effluent can be used for non-potable purposes including, horticulture,
irrigation another domestic purposes.
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SECTION 3: COMPATIBILITY OF ON-SITE TREATMENT SYSTEM
(DWTS)
Treatment systems especially on-site treatment can be implemented when the individual
houses are spread over a large area and there are no centralized structures. These
systems are best suitable for isolated communities, urban, peri-urban and rural areas
where no proper and extensive sewerage networks are present and centralized treatment
system is not a suitable option in terms of financial liability.
There are various onsite wastewater treatment options available. Selecting the most
suitable alternative involves a thorough analysis of all factors including cost, cultural
acceptability,

design

and

construction

simplicity,

operation

and

maintenance,

hydrogeological conditions, and local materials and skills availability. DWTS is the most
suitable on-site sanitation system that treats waste water (both black and grey water)
mostly at community scale, or even larger scale for further reuse.

3.1 Centralized versus Decentralized treatment
Wastewater treatment/management system can either be centralized or decentralized.
Government agencies usually plan, build and maintain centralized and hierarchical
facilities that capture and handle large volumes of wastewater for entire city or even
number of cities. Centralized treatment systems are conventional systems in which only
a single treatment plant is used to treat the wastewater of whole city as shown in Figure
1.
A centralized system usually means a central treatment plant handling wastewater
collected in gravity sewers with pumping stations as needed. The traditional wastewater
management concept (urban wastewater collection system plus treatment of the
wastewater in a central treatment plant) has been successfully applied over many
decades in densely populated areas of industrialized countries.
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FIGURE 1 CENTRALIZED TREATMENT SYSTEM

Conventional or centralized wastewater treatment systems involve advanced collection
and treatment processes that collect, treat and discharge large quantities of wastewater.
Thus, constructing a centralized treatment system for isolated societies, communities and
towns or peri-urban areas in low income countries will result in burden of debts for the
public. Centralized systems are out of sight and hence, require less public participation
and awareness.
Centralized wastewater treatment systems requires pumps and piping materials and
power to capture and treat wastewater, thus raising the cost of the system.
Following are few attributes of centralized treatment systems;
•

Complex system design

•

Development of septic conditions

•

High construction and operation cost

•

High maintenance requirement

•

Applicable to densely populated areas
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On the other hand Decentralized or cluster wastewater treatment systems are designed
to operate at small scale. They not only minimize the environmental/ecological and public
health impacts, but they also increase the ultimate wastewater recovery depending on
the type of population, technological choices and regional settings. Decentralized
systems facilitate the return of treated wastewater to the wetlands of origin when used
successfully.
The treated effluent can be used for non-potable purposes thus reducing the daily water
demand. Decentralized treatment approach is shown in Figure 2.

FIGURE 2 DECENTRALIZED TREATMENT SYSTEM APPROACH

In addition, decentralized and distributed systems can be implemented as required, and
when needed, thereby avoiding the costly implementation of centralized treatment
systems. Decentralized systems can now be built for a specific site to overcome problems
associated with site conditions such as high groundwater levels, impermeable soils, deep
rock formations and calcareous formations.
In addition, decentralized systems make management easy and a set of processes can
be integrated to achieve treatment targets and address environmental and public health
safety requirements.
14
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Following are few attributes of decentralized treatment approach;
•

Simple system design

•

Sustaining fresh organic content

•

Less construction & operation cost

•

Low maintenance requirement

•

For isolated localities

SECTION 4: DWTS COMPONENTS AND DESIGN PRINCIPLES
Wastewater treatment in a DWTS is achieved via:
a) Primary treatment (Settler)
b) Secondary treatment (Anaerobic baffled Reactor-Anaerobic Filter)
c) Tertiary Treatment (membrane system or constructed wetlands)
Figure 3 below illustrates the schematic of DWTS.

FIGURE 3 SYSTEM COMPONENTS OF DWTS WITH MEMBRANE AS TERTIARY TREATMENT UNIT
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FIGURE 4 SCHEMATIC DIAGRAM OF DWTS WITH POLISHING POND AS TERTIARY TREATMENT UNIT
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4.1 Settler
Settler compartment has been provided prior to ABR to ensure the influent is
homogenized and undergoes primary sedimentation to achieve higher efficiency of
DWTS. Sludge accumulation occurs in settler that needs to be removed after 1-2 years
or depending upon the design considerations. Hydraulic Retention Time (HRT) for settler
is normally kept as 2 hours.

FIGURE 5 SCHEMATIC DIAGRAM OF SETTLER

4.2 Anaerobic Baffled Reactor (ABR)
ABR offers mechanism for primary and secondary sedimentation through provision of
compartments separated by baffles. Majority of solids are removed in the first chamber
of ABR, sludge generation is low and SRT is high. The technology is very robust to
majority of shock loads. The system is ideal for decentralized wastewater treatment as it
is easy to build and construct. Reduction in sludge biomass production due to anaerobic
process, reduction in solids in the effluent due to major sedimentation in the baffled
chambers, effective anaerobic biodegradation in ABR followed by AF, and most important
low capital and operational cost as compared to aerobic processes are some of reasons
for the selection of ABR. Another major advantage is that such a system is best suited for
tropical countries.
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FIGURE 6 SCHEMATIC DIAGRAM OF ANAEROBIC BAFFLED REACTOR

Advantages
The major advantage of the ABR is that

Disadvantages
Long start-up durations

it can be separated into the various
stages of anaerobic digestion process,
specifically acidogenesis and
methanogenesis.
Highly efficient in treating medium

Long HRTs

strength soluble organic waste
Simple design and inexpensive

Odour in effluent

construction.
Long solid retention time (SRT),

Higher land area requirement

resulting in less sludge production
Less skilled operator requirement
No mechanical equipment required
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4.3 Anaerobic Filter (AF)
Anaerobic filter is a fixed-bed biological reactor with one or more filtration chambers in
series. As wastewater flows through the filter, organic matter comes in contact with active
biomass growing on the surface of the filter media. Anaerobic filters are widely used as
secondary treatment in treating household black or grey water systems and improve the
solid removal compared to septic tanks or anaerobic baffled reactors alone. Since
anaerobic filters work on the principle of anaerobic digestion. It has the capability to treat
high strength wastewaters. High strength wastewater has been identified as a cause of
early failure of on-site sewage disposal systems. High daily mass loading rate is a direct
cause of drain field failure (Matejcek et al., 2000). Therefore, addition of anaerobic filters
following anaerobic baffled reactors is a promising alternative to the conventional septic
tank for the treatment of black water, particularly in the semi-urban and rural areas of the
developing countries (Sharma et al., 2014).

FIGURE 7 SCHEMATIC DIAGRAM OF ANAEROBIC FILTER

Advantages
High degree of waste stabilization

Disadvantages
Low pathogen and nutrient removal

Low production of excess biological Long start-up durations
sludge
Low nutrient requirements

Long HRTs
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No oxygen requirement, hence saving in Effluent has bad odour
power required for supply of oxygen in
aerobic methods
Production

of

valuable

by-product, Post treatment is necessary before reuse

methane gas
Organic loading on the system is not
limited to oxygen supply hence higher
loading rate
Less land required

4.3.1 Selection of Media
A thorough research work was conducted in which different media properties were
reviewed. Based on the results of this research work three medias were selected.
4.3.1.1 Use of Peat as Filter Media
In modified septic tank anaerobic baffled reactor coupled with anaerobic peat filter
consisting of single filter media peat was used. Peat media was efficient initially however
it was subject to clogging over long term operation. Also peat was subjected to
compaction due to down flow filtration. The media was not locally available hence this
also proved as a drawback as it had to be imported. This lead to the search of locally
available filter Medias that are easily available.
4.3.1.2 Selection of Three Filter Medias

On the basis of literature review, cost effectiveness and easy access stone chips, crushed
glass and PET bottle caps were carefully chosen as shown in Figure 8.

FIGURE 8 SELECTION OF THREE FILTER MEDIA
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The factors responsible for selection of media are:
Stone media was selected because technology choice of ABR coupled with AF with stone
media proved capable of processing organic matter with removal efficiencies for BOD and
COD ranging from 78% -99% and 71% -99%. (Evy et al, 2016). Also Non-synthetic
anaerobic filter media exhibited more than 80% removal efficiency meeting the country’s
effluent standards. (Manzoor-Al-Islam et al, 2016). And as stone is non-synthetic it was
preferred over other choices.
Crushed glass as a bio-filter media gave 97% removal efficiency for BOD5. (Clean
Washington Center, 1997). It’s recyclable, non-synthetic, offers easier size control and is
locally available.
And PET bottle caps because it is highly similar with synthetic Anaerobic Filter Media also
it was supported through literature review that Methanogenic archea, Methanosarcina sp
-like cells prevailed in the polymeric materials (polyurethane foam and PVC). (PASSIG et
al, 2011). It’s recyclable, offers size control and is easily available.

4.4 Tertiary Treatment
The role of tertiary treatment in DWTS is to provide further polishing of treated effluent.
There are various options for tertiary treatment including membrane systems, polishing
pond or constructed wetlands.
A membrane is defined as a perm-selective barrier between two homogeneous fluid
phases. The semipermeable barrier selectively allows the passage of some components
but not others. The ability of membranes to differentiate amongst entities is termed as
selectivity. The membrane process is a very important separation process in water and
wastewater technology, which becomes increasingly competitive and is superior to the
traditional water technology with proven performance and process economics. The most
widely applied membrane separation processes are microfiltration (MF), ultrafiltration
(UF), nanofiltration (NF), reverse osmosis (RO), electrodialysis (ED) and electro
deionization (EDI). For tertiary treatment / polishing of effluent from DWTS laboratory sale
studies have been initiated at NUST, which provided good results.
Polishing pond and constructed wetland is another option for tertiary treatment through
DWTS.
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SECTION 5: PLANNING AND DESIGNING OF DWTS
A DWTS primary goal is to remove toxins from waste water so that they can either be
safely discarded or recycled in the environment. The planning and design are integral
component of DWTS implementation. Appropriate planning and designing are critical
before going towards construction phase. Planning and designing involve a number of
surveys and information from very basic to advance level.
The planning for implementing a DWTS should include:


Identification of a suitable site.



Land availability and requirement for proposed site



Detailed survey of land including topography of the land, examination of soil and
geotechnical investigations, slopes patterns, and hydrological parameters



Groundwater studies including its depth, patterns etc.



Source and capacity of generated wastewater



Analysis of influent wastewater



Local climate / environmental conditions



Socioeconomic environment of the local area and target population.



Identification / selection of reuse options.



Analyses of design, construction, operational and maintenance costs



Assessment of the current situation in the relevant area, regarding sanitation
and wastewater



Identification of relevant stakeholders to involve in the project

The design component is the major responsibility of a design engineer, who shall hold
rigorous analysis of a number of components including;


The flow (volume) of wastewater generated. Daily and monthly average and peak
flows are required.



Detailed characteristics of incoming wastewater including physical, chemical and
biological parameters.



Local and national discharge and effluent quality standards.



quality and quantity of the raw wastewater
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Hydrogeological data including ground, surface water flows and slope patterns
including topographic survey.

5.1 Design Considerations and Control Parameters
5.1.1 Wastewater Generation
Typical wastewater generation is 120-150 L wastewater generation/capita/day for
6-8 persons/household that is 80% of total water consumption. Wastewater
generation rate (i.e. flow rate) is calculated in terms of volume per day. Flow rate
can be measured via: (a) employing a flow meter at influent stream; (b) monitoring
the rise of water level in a closed chamber or a marked cylinder for a specific time
period; and (c) calculating the required time during initial filling of the first unit (of a
treatment train) to overflow. It should be mentioned that design of a DWTS or any
other treatment unit is dependent directly on the incoming flow rate; hence this
parameter must be measured accurately without any error.
5.1.2 Area Requirement
The area required by the typical units of a DWTS is dependent on wastewater
volume or generation rate. For 1m3 of wastewater, the required area is 40.83
square ft. (0.15 Marla) or for 100m3 per day the required area is 27225 square ft.
with a capacity treating water from 100 to 1000 households.
5.1.3 Sludge Production
Sludge production is linked to organic material (BOD / COD) extraction from
wastewater in DWTS systems. Via aerobic and anaerobic processes such organic
extraction occurs; aerobic decomposition produces more sludge than anaerobic
degradation. For a DWTS treating domestic sewage, sludge retention period
(inside a septic tank) is considered to be one year and can be extended to two to
three years to allow anaerobic degradation. Desludging of the accumulated sludge
is necessary for efficient performance.
If the removal frequency of sludge is one year, then approximately 0.1L of sludge
per person per day (0.1 L/P/d) may be considered as the generated sludge rate. If
de-sludging intervals are greater than two years, sludge volume can be considered
to be 0.08 L/P/d as sludge becomes compacted over this time span.
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5.1.4 Analysis of Parameters
Laboratory testing is used to assess the pollution load quantity and quality, the
viability of treatment, the effect on the environment under local conditions and
whether a specific wastewater is appropriate for biogas processing. Experienced
observation can even see and understand certain parameters.
Table 1 shows the physicochemical and biological parameters that shall be
analyzed:
TABLE 1 PARAMETRIC ANALYSIS OF WASTEWATER QUALITY

Parameters
Biological Oxygen
Demand
BOD5 (mg/l)
Chemical Oxygen
Demand
COD (mg/l)

Methods
Titrimetric
Method

Equipment/Material
BOD bottles, DO meter,
Incubator

References
APHA, 2012

Close reflux
method

APHA, 2012

Total Suspended
Solids
TSS (mg/l)

Gravimetric
method

Phosphate

UV
Spectrophotomet
er Method
Electrometric
Method
Kjeldhal Method

Millipore Filtration
Assembly, COD
digester, Electronic
filtration Unit
Whatman filter papers,
oven , Graduated
cylinder, filtration
assembly, china dishes,
desiccator, analytical
balance
Spectrophotometer

pH
AmmoniumNitrogen
Total Kjeldhal
Nitrogen

APHA, 2012

APHA, 2012

pH meter
Kjeldhal apparatus

SECTION 6: COST OF DWTS
The specialty of DWTS is its less cost with equal and sometimes high level of treatment
than other conventional treatment units. The major cost include the cost of land and its
availability. The following breakup summarizes the cost of DWTS including Design +
Construction cost.
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 Capacity: 100 to 1000 m3/day (100 to 1000 households): 120-150 L wastewater
generation/capita/day for 6-8 persons/household
 Capital Cost: Rs. 100,000/m3/day (including design + construction)
 Operational (Energy) Cost: Pumping cost to inlet only
 Maintenance Cost: De-sludging after 2-3 years
 Land Requirement: 15 marla/100 m3 /day

SECTION 7: MAINTENANCE OF DWTS
Regular maintenance of DWTS modules can improve the treatment efficiency of a DWTS.
These schedules can be categorized into general maintenance which are as follows;

7.1 General Maintenance
General maintenance include overall maintenance of the whole system, as illustrated
below.
 De-sludging of sludge after 2-3 years or depending upon sludge accumulation. The
accumulated sludge can be diverted to fecal sludge management units of sludge
drying beds.
 Maintenance and checking of efficacy of inlet pump for proper flow
 Flow monitoring should be done during peak hours, when maximum wastewater
volumes are generated.
 A skimming process is required to remove oil and grease that float on the surface.
 The inlet and outlet pipes of all modules should be inspected monthly to prevent
overflow/backflow into the treatment units.
 All the pipes need to be greased monthly to avoid rusting.
 For ABR unit desludging should be done after two to three years.
 During desludging from settler and ABR units, some sludge should be left inside
the system for the continuation of biological removal mechanisms.
 The filter materials of the AF unit should be cleaned every five to six years to
prevent clogging.
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 Growth of plants around the DWTS units should be controlled to prevent the plants
and shrubs to enter inlets or outlets of pipes.

SECTION 8: WASTEWATER RESUES AND RECLAMATION THROUGH
DWTS
Reuse of treated effluent (particularly treated domestic effluent) may reduce the pressur
e
on sources of fresh water (i.e. surface / ground water) as well as discharge problems of
waste water into the environment. Wastewater reuse has number of advantages
including;
Low environmental risks: When wastewater is used for irrigation purposes soil and
plants can take up many contaminants (i.e. salts, nutrients and sediments) of the recycled
wastewater that reduces the risk of contamination. As such, groundwater pollution due to
the application of recycled wastewater is minimal if proper wastewater treatment
technologies are employed.
Reduced costs: The treatment and reuse of wastewater reduces the pressure and cost
of local water supplies in terms of less usage of water. The reuse of wastewater also
reduce the water bills of the community.
Plant growth: Recycled waste water contains nutrients which can supplement the growth
of plants, and help maintain soil fertility. The presence of nutrients in recycle.
Agricultural irrigation: Crop irrigation, commercial nurseries
Landscape irrigation: Parks, school yards, golf courses, cemeteries, residential
Industrial: Cooling water, boiler feed, process water
Groundwater recharge: Groundwater replenishment
Recreational uses: Habitat wetlands, lakes, ponds, marsh enhancement, fisheries
Other uses: Fire protection, air conditioning, toilet flush

SECTION 9: COMMUNITY BASED SANITATION PROGRAME WITH
DWTS IN PAKISTAN
NUST having the potential among the leading engineering universities in the country,
brought academic expertise to the partnership with Water-Aid. Under this partnership,
Water-Aid engaged Dr. Sher Jamal Khan (Professor Environmental Engineering
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Department and Managing Director Sustainable Environmental Solutions) and
environmental engineering undergraduate and graduate students of Institute of
Environmental Sciences and Engineering (IESE). One such sanitation solution after
analyzing existing models and their subsequent shortcomings was designed and
developed at laboratory scale at NUST known as Decentralized Wastewater Treatment
System (DWTS). Afterwards, DWTS was introduced in the market by Sustainable
Environmental Solutions an organization under the umbrella of NUST and in collaboration
with Zeeruk International Pvt. Ltd. The journey begins from laboratory scale to pilot and
then full scale development of DWTS. Till now two full scale DWTS are established in
Tehsil Jatoi, District Muzaffargarh and Punjab Local Government Agency (PLGA). The
project initiated by under the supervision of Dr. Sher Jamal Khan and collaboration of
WaterAid Pakistan has achieved major milestone in a long journey of success, with
DWTS is being installed in various parts of country.

9.1 Lab-Scale Application


Design and Fabrication of Lab scale DWTS for Wastewater Treatment



Final Year Project



Project awarded Rector’s Gold Medal for best project in IESE-SCEE, NUST



Laboratory scale improvement of DWTS by tertiary treatment through membrane
showed remarkable results.

FIGURE 9 LAB SCALE UNIT FOR DECENTRALIZED WASTEWATER TREATMENT SYSTEMS
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9.2 Application in Public Sector
Design, installation and commissioning of DWTS at Punjab Local Government Academy
(PLGA), Lalamusa Capacity: 12.5 m3/day.
Development of model decentralize wastewater treatment plant for Punjab Local
Government Academy (PLGA) with a capacity of 250 people was done based on field
insights gained from ABR-APF installed in rural Muzaffargarh. The said facility host
various training programs. It was chosen for its strategic location to show-case technology
to wider audience. Further improvement and modification of previous design, ABR-APF,
shaped Decentralized Wastewater Treatment System (DWTS). System comprises of
Anaerobic Baffled Reactor followed by Anaerobic Filter. DWTS was first manufactured
for lab-scale analysis and optimization of design, which was upon successful optimization
up-scaled at PLGA Lala Musa. This plant is to show-case DWTS for further
implementation rural communities by WaterAid.

9.3 Application in Municipal Corporation
DWTS design for Ward 12, Tehsil Jatoi, District Muzaffargarh, Punjab Capacity: 160
m3/day. Development of decentralize wastewater treatment plant for Jataoi, Muzaffargah
with a capacity of 271 households for 1678 people. The total capacity of DWTS was 160
m3/day. Centralized treatment of wastewater was not an option as cluster of houses were
separated from other Bastis with miles of fields in between. Sustainable Environmental
Solutions suggested decentralized treatment technology for the site i.e., Anaerobic
Baffled Reactor coupled with Anaerobic Filter (ABR-AF). The plant designed by SES
design team functioned was a low cost sanitation solution for the community. The design
was first manufactured at lab-scale and testing was performed to optimize design. The
optimized design was up-scaled at site. It served as a model plant which was further
replicated in neighboring Bastis to provide feasible and economical sanitation solution.
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FIGURE 10 PICTORIAL VIEW SHOWING CONSTRUCTION OF DWTS

9.4.1 Design of DWTS for OGDCL Nashpa Oil Field
Oil and Gas Development Company Limited (OGDCL) acquired consultancy services
from Engineering Architecture Consultants (EAC) and Sustainable Environmental
Solutions (SES) for designing Sewerage Treatment Plant (STP) for Residential Camp at
Nashpa Oil Field in Karak, K.P.K. The residential camp will accommodate between 500
and 800 employees. Consultant carried out site review and understood the geographic
and subject-matter spread of project. The design team of Sustainable Environmental
Solutions design DWTS of 180 m3/day capacity.

9.5 Future Prospects
DWTS can be the first preference owing to simplicity of design and operation, cost
effectiveness (one time installation cost) and sustainability as system functions without
consumption of electricity. Moreover, unlike any other wastewater treatment technology
in decentralized treatment, DWTS does not require energy and skilled manpower for
operation. DWTS is very suitable for Pakistan’s sanitation market due to following
attributes;
29

CONCEPT REPORT ON DECENTRALIZED WASTEWATER TREATMENT SYSTEM (DWTS)

 Suitable for developing countries as does not require extensive sanitation
networks
 Good treatment performance under high temperatures
 Less capital, operation and maintenance cost.
 Produce high quality product water for agricultural, horticultural non-potable
domestic and industrial reuse
 Meet National Environmental Quality Standards (NEQS)
 Decrease in capital and O&M costs
 Energy Efficient in terms of zero aeration cost
 Potential for upgrading existing WWTPs
DWTS being suitable for Pakistan as mentioned above is being developed in many parts
of the country by public and private sectors.
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