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As per Census 2011, 51% of urban households in India are dependent on 
Onsite Sanitation Systems (OSS). Under the Swachh Bharat Mission, around 
30 million more septic tanks/pits (OSS) will be constructed by the end of 
2019, producing another 180 million litres of faecal sludge and septage (FSS) 
everyday. Due to lack of faecal sludge treatment facilities, the cesspool vehicles 
that empty the septic tanks/pits, discharge FSS either in open fields, drains or 
in water bodies. This results in the contamination of water sources like rivers, 
lakes and the ground water that ultimately leads to public health hazards. The 
treatment of FSS is, therefore, of paramount importance.

Co-treatment is a process where an Sewage Treatment Plant (STP), in 
addition to treating the domestic sewage transported through a sewerage city,  
also treats FSS emptied from various Onsite Sanitation Systems prevalent in 
the city. 

For cities that are partially covered with sewerage network, co-treatment of FSS 
in existing STPs provides a cheaper alternative to treating FSS generated from 
areas without a sewarage network. 100% coverage of sewerage network in a 
city is costly and difficult to be implemented especially in densely populated 
areas. Setting up of a dedicated faecal sludge treatment plant (FSTP) is a time-
consuming affair due to issues such as land identification, clearances and 
tendering process. Further, in case of co-treatment, the existing facilities, site 
infrastructure and manpower of the STP can also be used for co-treatment and 
thus can eliminate the problem of engaging a new O&M operator and additional 
cost related to site infrastructure. 

Existing co-treatment practice: In many cities in India, FSS is directly added 
without any pre-treatment, either at the inlet of the STP or at the nearest 
pumping station or manhole of the sewerage network. There are learnings from 
various countries on the detrimental impact of co-treatment of FSS in an STP 
without any pre-treatment. 

The considerably higher solids, organic and nutrient load of FSS as compared 
to sewage, can lead to severe operational problems such as solids deposition, 
clogging and corrosion of sewerage infrastructure, including STP. This is 
because the diameter and slope of sewers are designed for the transport of 
municipal wastewater typically containing 250 to 600 mg TSS/L rather than 
the 12,000 to 52,500 mg TSS/L present in FSS. Further, the high strength of  
FSS can have a large impact on the organic, suspended solids and nitrogen 
loads on the STP and thus impact its treatment efficiency. The intermittent 
nature of FSS loading will give rise to high instantaneous loads and thus 
amplify the problems.

To assess the feasibility of co-treatment in an STP, the following points need 
to be studied:
1. The spare capacity in the STP to treat the additional load from FSS.
2. Study the treatment process of the STP and identify the limiting factors, 

which can affect  treatment efficiency like F/M ratio, oxygen requirement in 
case of aerobic process and pH, ammoniacal nitrogen content in anaerobic 
process.

Executive	summary
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3. Existing treatment efficiency of the STP.
4. Land availability for construction for co-treatment modules for pre-

treatment of FSS.
5. Distance of STP from the city to assess the economic feasibility of co-

treatment of FSS.

The report presents an analysis for potential of co-treatment as a step ahead 
for the city of Lucknow in achieving citywide sanitation. In order to map 
interventions required across sanitation value chain (i.e. containment, emptying, 
transport and treatment), a shit flow diagram was prepared for Lucknow which 
shows 47% of population is dependent on OSS and the excreta generated from 
39% of the population is unsafely managed. Co-treatment is an ideal solution 
for treatment of FSS generated from the OSS in the city since there is partial 
sewerage coverage and two operational STPs in the city.

The STP at Bharwara (Lucknow) was studied for feasibility of co-treatment. 
The STP has a capacity to treat 345 MLD of sewage. The STP uses UASB 
reactor followed by aeration tanks and polishing ponds. The average influent 
characteristics at the STP includes BOD, COD and TSS of 140 mg/l, 275 mg/l 
and 230 mg/l, respectively. The treated effluent meets the previously notified 
discharge standards of BOD 30 mg/l and TSS 50 mg/l to water bodies. However, 
the STP does not meet the standards set by a National Green Tribunal (NGT) 
order dated 30.04.2019. 

During CSE’s site visit, it was observed that the UASB reactor might not be 
working efficiently. Foam formation was observed after the UASB reactor. Low 
sludge retention time (1–2 days) in the UASB reactor was identified as one 
possible reason. It is recommended to study the STP treatment efficiency by 
collecting wastewater samples from influent and effluent of each module of 
the STP to evaluate how each module is working. Samples from the UASB 
reactor are also recommended to be taken to measure key parameters like 
pH, ammoniacal nitrogen content and F/M ratio in order to ascertain whether 
optimal conditions are being maintained in the reactor for effective biological 
treatment. Interventions like ensuring sludge retention time in the UASB 
reactor to at least 2–4 weeks, installation Fats-Oil-Grease treatment unit at the 
inlet of the STP can also be taken. 

Even though the STP is working at full capacity, co-treatment can still be 
done since existing load of FSS reaching the main pumping station is only 
0.006% of the STP capacity and the influent sewage received at the STP has 
an organic load lower than typical sewage. In order to avoid system failure 
in the future, it is recommended to study the local FSS characteristic and 
explore various options for co-treatment where FSS is pre-treated before 
being discharged into an STP.

The characteristics of the FSS are highly variable and dependent upon many 
local factors like type of containment, storage duration, type of establishment, 
emptying method, climate etc. The CSE lab conducted testing of FSS in Bijnor 
and Chunar, located at extreme ends of the state of Uttar Pradesh. Testing 
conducted by UPJN of the FSS received at MPS was also observed. Huge 
variation in the BOD and COD level were observed in the samples. It was found 
that COD varies from 6,000 mg/L to 120,000 mg/L. It was considered prudent 
to consider a scenario analysis of low-strength, medium-strength and high-
strength influent FSS and study the impact on treatment efficiency of the STP. 
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Taking into account the variability of FSS characteristics, the spare capacity 
of STP to treat organic load was evaluated. It was found that the STP can treat 
between 0.5 MLD to 11.5 MLD (i.e. 0.2% to 3.3% of the capacity of the STP) of 
influent FSS. Considering the absence of a study to evaluate the impact of FSS 
addition on other limiting factors like  pH, nutrient load, F/M ratio, a worst 
case scenario is considered and it is recommended to restrict the overall FSS 
discharging to the STP to 0.5 MLD (or 0.2% of STP capacity) to start with. 
Depending upon the performance of the STP, the volume of FSS influent 
can be increased gradually. The recommended restriction on FSS addition is 
sufficient to treat the present demand of 30 KLD from de-sludging operators 
operating in the locality. Further, the addition of a solid–liquid separation 
module would mean that effectively only 15 KLD (approximately) of additional 
influent would reach the STP whose COD would be much lower than that of 
influent FSS discharged by the de-sludgers

Five options of modules (30 KLD capacity) for co-treatment of FSS in Bharwara, 
STP is presented in the report. Out of which Option-1: non-mechanized solid-
liquid separation using Settling Thickening Tank and Option-2: mechanized 
solid–liquid separation using screw press, is suggested. 

Option-1 is suitable for TS>1% and partially digested FSS (i.e. COD to BOD5 
ratio greater than 2). This would need approximately 90 to 100 sqm area and Rs 
23 lakhs capital cost. The option would need active sludge management and a 
dedicated drying beds to treat the separated solids (not included in the cost).

Option-2 is suitable for TS>1% and for larger plants with availability of spare 
parts, skilled manpower, regular power supply, good supply chain of polymer 
for dosing. Approximate area required for this option is 100–120 sqm and a 
capital cost of Rs 33.5 lakhs. The separated solids from this option would have a 
TS in the range of 15–25% and thus significantly reducing on land requirement 
for sludge drying beds. 

Sludge / Bio-solids generated from the co-treatment is rich in nutrient content 
(as compared to STP sludge) and has good potential for use in agriculture. In 
order to reduce the pathogen content and further improve the quality of bio-
solids, co-composting of sludge generated from FSS treatment with organic 
municipal solid waste can be done.
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1.1 Need for Faecal Sludge and Septage Management (FSSM)

As per 2011 Census, in urban India approximately 51% of households are 
dependent on latrines with Onsite Sanitation Systems (OSS). The use of Onsite 
Sanitation Systems (OSS) can be a sustainable solution to meet sanitation goals 
in the urban areas of the country as long as there is effective Faecal Sludge 
and Septage Management (FSSM) along the entire Sanitation Service Chain. 
This would mean that the FSS generated from the OSS is regularly collected, 
transported, treated, and finally there is resource recovery or safe disposal of 
the treated waste water and the sludge as shown below in figure 1.

1.	 Background

Containment Emptying and transport Treatment Disposal and end use

Definition An onsite sanitation system 
into which a user interface 
discharges

Manual or motorized removal 
and transportation of faecal 
waste from the containment 
system

Process of converting faecal 
sludge into a product that is 
safe for end use

Disposal or utilization of output 
products derived from sanitation 
systems

Examples Septic  tanks, soakpits and 
cesspools

Vacuum trucks or carts FSTPs, constructed wetlands and 
dewatering

Manure

Figure 1: Sanitation value chain

FSSM–Sanitation value chain

Source: Septage Management–A Practitioner’s Guide, CSE

Sewage vs. faecal sludge and septage (FSS)

Sewage is untreated wastewater that contains faeces and urine, this wastewater gets conveyed through the sewerage 

system. Generally, grey water from the kitchen and bathroom also becomes part of sewage. The BOD of sewage ranges 

from 150–350 mg/l and all sewage treatment plants are designed for this load to be taken into account. FSS is semi solid 

slurry, it is emptied out of on-site sanitation systems like septic tanks / pits and is much more concentrated than sewage; 

BOD of faecal sludge ranges from 1,000–20,000 mg/l. 

There appears to be a very thin line between septage and faecal sludge. Septage is limited to septic tanks, and has already 

undergone partial digestion, whereas faecal sludge includes contents from other onsite technologies, including septic 

tanks, and may or may not be digested.

Box 1: Difference between sewage and faecal sludge and septage
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Under the Swachh Bharat Mission, around 30 million more septic tanks will be 
constructed by the end of 2019, which will be expected to produce 180 million 
litres of FSS every day. Due to lack of treatment facilities in the urban/semi 
urban areas of India, the cesspool vehicles that empty the septic tanks/pits of 
the households discharge the sludge either in open fields, drains or in water 
bodies. This results in the contamination of water sources like rivers, lakes and 
the ground water and ultimately leads to public health hazards thus, defeating 
the purpose of Swachh Bharat Mission. Unless due diligence is given to the 
treatment of this generated sludge, the sustainable sanitation and development 
goal would remain unfulfilled. Hence, the treatment of FSS is of paramount 
importance.

1.2 Introduction to co-treatment of faecal sludge and septage in STPs

The Environment (Protection) Act, 1986 and the Water (Prevention and Control 
of Pollution) Act,1974 prohibits effluent, sewage and septage discharge. 
Section-24 of Water Act informs that no person shall discharge any sewage or 
trade effluents beyond the standards as prescribed by CPCB into any stream, 
river, and well or on land. 

As per the National Policy on Faecal Sludge and Septage Management (FSSM), 
2017 issued by the Government of India, it is the responsibility of the ULB 
to ‘set up and ensure operation of systems for 100% safe and sustainable 
collection, transport, treatment and disposal of faecal sludge and septage.’ The 
policy further emphasizes on the importance of synergies between FSSM and 
sewerage systems through co-treatment of FSS in STPs.

For cities that are partially covered with a sewerage network, co-treatment 
of FSS in existing STP provides a cheaper alternative to treat the excreta 
generated from areas of the city not connected to the  sewerage network. The 
additional laying out of sewer infrastructure for such areas would be costly and 
difficult to implement in densely populated areas. Setting up of a dedicated 
Faecal Sludge Treatment Plant (FSTP) might be more a time-consuming affair 
due to issues such as land identification and clearances needed for the same. 
Further, in case of co-treatment, the existing facilities, site infrastructure and 
manpower of the STP can also be used for co-treatment and thus, eliminate the 
problem of engaging a new O&M operator and additional cost related to site 
infrastructure. Thus, in scenarios where there is an existing sewage treatment 
plant with spare capacity, it would be prudent to undertake co-treatment of 
FSS in the existing STP.

Box 2: Definition of co-treatment

What is co-treatment?

Co-treatment is a process where a Sewage Treatment Plant, in addition to treating the domestic sewage transported 

through a sewerage city, also treats faecal sludge and septage emptied from various Onsite Sanitation Systems prevalent 

in the city.

The current practice of co-treatment in India includes addition of faecal sludge in upstream of the STP either at a Sewage 

Pumping Station or at inlet of an STP. Practices in Malaysia, Philippines includes pre-treatment of faecal sludge before it 

is treated in the STP. The pre-treatment includes stabilization and/or solid–liquid separation whereby the separated liquid 

is treated in the STP and the separated solid are treated either in the existing STP drying beds or separate modules. By 

addition of pre-treatment modules, the capacity of the STP to treat faecal sludge increases as well as reduces the risk of 

process disruption and damage to the STP and/or sewerage network.   
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1.3 Planning for co-treatment in a city

Depending upon the percentage of dependency for Onsite Sanitation Systems 
and the size of the city, the approach for FSSM can vary from a complete FSSM 
approach, partial FSSM approach or a gap filling approach as highlighted below 
(Figure 2).   

Figure 2: Approach for FSSM intervention in urban areas

Source: Managing Septage in cities of UP, CSE

Co-treatment of FSS in an STP would be an ideal treatment intervention for 
cities where partial or gap-filling FSSM is proposed. A dedicated FSTP can be 
supplemented with co-treatment depending upon the co-treatment capacity 
and the demand for faecal sludge treatment in the city. 

The technical feasibility of co-treatment in an STP / sewerage system would 
depend upon many factors like coverage and capacity of the sewerage system, 
spare capacity of STP and its treatment efficiency, and the characteristics  
of FSS. Assessment of STP for co-treatment taking all these factors into account 
is discussed in subsequent chapters. 

1.4 Assessing feasibility of co-treatment of FSS at an STP

1.4.1 Characterizing the FSS
Characterizing the FSS is an important part of the process for planning and 
studying the feasibility of co-treatment of FSS in an STP. The characteristics of 
the FSS such as the solids content, organic and nutrient load is much higher 
(up to 10 times) than sewage and is highly variable and dependent upon  
many local factors thus highlighting the importance of testing for characteristics 
of FSS.  

Approach for FSSM interventions in urban areas

%
 H

ou
se

ho
ld

s 
w

it
h 

O
n-

si
te

 S
an

it
at

io
n 

Sy
st

em
s

Size of Town/Cities proposed for FSSM Intervention

Small 
(less than 1 lakh)

Medium
( 1–5 lakh)

Large
(more than 5 lakh)

Full FSSM

Full FSSM

Full FSM with 
dedicated 
treatment 
facility

Partial FSSM  Combined FSSM & 
sewerage system; co-treatment; 
DEWATs; On-site treatment systemas 
per site conditions

Gap Filling–Complete Sewerage; 
FSSM only for non-sewered 
pockets with treatment at FSSTP or 
Co-treatment at STP 

Partial  
FSSM

Partial  
FSSM

Gap filling  
FSSM

Partial  
FSSM

Partial  
FSSM

Partial  
FSSM

Gap filling  
FSSM

Gap filling  
FSSM

Full FSSM

Partial  
FSSM

100

75

50

25



13

CO-TREATMENT OF FSS OPTIONS AT BHARWARA STP LUCKNOW 

Box 3: Sampling procedure—characterization of FSS in a city

Sampling procedure: To ensure representative characteristics of  

FSS for a city
The number of samples should be decided based on the size of the city. There is a need to 

ensure spatial as well as seasonal coverage of a city. The following protocols can be adhered 

to while taking samples for faecal sludge:

•• Sample should be collected from the de-sludging vehicle at the discharging point. The 

source of the sample should also be recorded including the locality, type of containment 

system, period of de-sludging and the emptying procedure.

•• Sufficient number of samples should be collected that is spatially and temporally spread 

such that the variability in the characteristics of faecal sludge is accounted for.

•• Due to the variable characteristics of the faecal sludge, a composite sample should be 

taken instead of grab samples.

•• While transporting the samples to the laboratory, care should be taken with respect to:

o The sampling equipment should not react with the faecal sludge.

o The samples should be preserved at an appropriate temperature.

The sampling activity should be properly documented, which should include proper labelling, 

chain-of-custody procedure and a logbook of sampling activities.

Refer section 4.3 of this report for detailed process followed by CSE Lab for collection  

FSS samples.

The following characteristics of FSS needs to be measured to determine the 
feasibility of co-treatment of FSS in an STP:
i. Organic content and the biodegradability of FSS: This can be measured 

by measuring the BOD5, COD and its ratio. A COD TO BOD5 ratio of 2 
represents fresh FSS that is readily biodegradable whereas a higher COD 
to BOD5 ratio (ranging 5 to 10) would indicate stabilized FSS. High organic 
content which is readily biodegradable would require additional modules 
for stabilization in order to make the FSS treatment in subsequent stages 
more effective.

ii. Total solids content and its settling characteristics: It is important to 
measure the total solids content in FSS. Solid–liquid separation is desirable 
for treatment of FSS with high solids content. Excessive solids accumulation 
in an STP based on aerobic process would lead to process disruption and 
may require more aeration. Settling characteristics of FSS would help 
to decide the methodology for solid-liquid separation (i.e. whether it is 
based on settling or pressure). Sludge Volume Index (SVI) is required to 
be calculated to help in determining the settling characteristics of the FSS.

iii. pH: Excessive deviation of pH from the norm may negatively impact the 
treatment of anaerobic process based STP.

iv. Ammoniacal nitrogen and other nutrients: Excessive ammoniacal nitrogen 
and other nutrients in present in FSS content may hinder the biological 
treatment of the STP based on anaerobic treatment. In certain STPs this 
may become a limiting factor. The ability of an STP to treat the additional 
nutrient load would have to be evaluated and accordingly the discharge 
of FSS in the STP would have to be restricted. Ignoring this factor would 
result in the effluent not meeting the discharge standards.

1.4.2 Evaluation of an STP 
The key features of an STP to be analysed before undertaking co-treatment of 
FSS in the STP is as follows: 
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a) The treatment process of the STP: The treatment process of the concerned 
STP would need to be studied to determine the possible limiting factors 
affecting the treatment efficiency of the plant. In case of an aerobic system, 
oxygen requirement would be one of the critical limiting factors whereas 
in an anaerobic process, parameters such as pH and ammoniacal nitrogen 
would be important to ensure the biological process of the STP is not 
impacted by co-treatment.

b) Spare capacity of the STP to treat additional FSS load: In order to calculate 
spare capacity, the design capacity of the STP and the design sewage 
parameters should be known. By multiplying the design capacity of the STP 
and the designed BOD or COD load, the design Organic Loading Rate can 
be known in Kg (BOD or COD) per day. Similarly, the operational Organic 
Loading Rate can be arrived at by multiplying the operating capacity of 
the STP and the influent (BOD or COD) of the sewage received in the STP. 
The deficit between the Design Organic Loading Rate and the Operational 
Organic Loading Rate is the spare capacity of the STP.

Table 1: Illustrative example for calculation of spare capacity of STP

 Parameter Value Units

 Design parameters of STP   

(i) STP capacity 10 MLD

(ii) Design sewage BOD 300 mg/L

(A) = (i) x (ii) Design organic loading rate 3,000 Kg (BOD)/day

 Operating capacity of STP   

(iii) STP (Operating cap) 8 MLD

(iv) Influent BOD 200 mg/L

(B) = (iii) x (iv) Operational organic loading rate 1,600 Kg (BOD)/day

(C) = (A) - (B) Spare capacity: 1,400 Kg (BOD)/day

(D) Influent FSS (BOD) 6,000 mg/L

(C) /(D)
 
 

Capacity of STP to treat FSS
 
 

0.233
Or

2.3%

MLD
or 

% of the design capacity 
of STP

 
c) Existing Plant performance: The treatment efficiency of the STP should 

be checked to ensure that the effluent meets the discharge parameters. 
Samples should be collected after each module of the STP to evaluate 
the corresponding changes in the characteristics of the sample. Samples 
should also be taken from the concerned aerobic and anaerobic reactors 
to evaluate the F/M ratio in order to determine whether the system can 
perform adequately. In case the existing STP is not performing adequately, 
co-treatment should not be recommended in such an STP.

d) Availability of land: Sufficient area should be available at the STP site for 
pre-treatment of the FSS before discharging into the STP. In addition to 
preliminary treatment like screening and grit removal and solid–liquid 
separation, sufficient area should also be available for treatment of the 
solids separated from FSS such that it can be safely disposed or reused.
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e) Distance of the STP from the city: It is important that the STP is close to the 
city so as to ensure it is economically feasible for the de-sludging operator. 

1.5 Example of co-treatment practices in India and abroad

1.5.1 Co-treatment practised in India
Co-treatment is an important option for treatment of FSS in the Indian context 
due to the fact that majority of the STPs in India are running below their design 
capacity and in majority of cases, the volume of FSS to be treated is less as 
compared to the treatment capacity of the STP. 

Some of the current locations where co-treatment is practised in India are 
shown below in tables below. 

Table 2: Examples of practice co-treatment of FSS in STPs in India 
City STP Location Treatment 

approach
STP 

technology 
Operation 

commenced
STP 

capacity 
(MLD)

Present 
FSS 

quantity 
(KLD)

Influent 
Sludge 
Volume 

(%)

Lucknow Bharwara Decanting 
of FSS at 
designated 
pumping 
stations

Upflow 
Anaerobic 
Sludge 
Blanket 
(UASB)

December 
2017

345 20 0.00006

Kanpur Bhingwan Decanting of 
FSS within 
the STP 
premises

UASB September 
2017

210 315 0.0015

Ghaziabad Indirapuram Decanting of 
FSS at MPS 
and STP

Sequential 
Batch 
Reactor 
(SBR)

August 2017 56 250 0.004

Puri Mangalaghat Solid liquid 
Separation 
by Settling-
Thickening 
tank

Aerated 
Lagoons

June 2017 15 15 0.001

Chennai Nesapakka Decanting of 
FSS within 
the STP 
premises

Activated 
Sludge 
Process 
(ASP)

July 2006 117 5,200 0.04

Goa Tonca Decanting 
of FSS just 
outside the 
STP premises

Cyclic ASP Early 2006 12.5 720 0.05

(Source: MOUNT, CSE)
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Table 3: Co-treatment scenarios in India: at STP inlet and sewage 
pumping station
Location Description

Bingawan 
STP, 
Kanpur

The faecal sludge / 
septage is discharged 
at wells connected 
to the inlet of the 
STP.

Sewage 
Pumping 
Station, 
Ghaziabad

The faecal sludge / 
septage is discharged 
at well connected 
to the sump of the 
Sewage Pumping 
Station.

1.5.2 Potential detrimental impact of co-treatment practice in India
At all the places mentioned in the table above (except Puri), FSS is dumped into 
the pumping stations or at the upstream of the STP without any pre-treatment. 

There are learnings from various countries on the detrimental impact of 
co-treatment of faecal sludge in an STP with any pre-treatment. The same are 
given below:

i. Direct discharge of faecal sludge and septage in manholes or sewage 
pumping station or drains that lead the STP: 

 The considerably higher solids content of FSS may lead to severe 
operational problems such as solids deposition and clogging of sewer pipes. 
This is mostly because the diameter and slope of sewers are designed for 
the transport of municipal wastewater typically containing 250 to 600 mg 
TSS/L rather than the 12,000 to 52,500 mg TSS/L present in FSS. There is 
also the danger of corrosion of the sewerage infrastructure due to the high 
strength of the FSS as compared to sewage. 

ii. Direct discharge of faecal sludge and septage at the inlet of the STP: 
o Due to the high strength of faecal sludge and septage, even relatively 

small volumes can have a large impact on the organic, suspended solids 
and nitrogen loads on an STP.  Possible consequences include: 

	 an increase in the volume of screenings and grit requiring removal; 
	 increased odour emission at headwork;
	 increased scum and sludge accumulation rates; 
	 increased organic and nutrient loading, leading to overloading and 

process failure; 
	 The potential for increased odour and foaming in aeration tanks. 
o Because of their partly digested nature, faecal sludge and septage will 
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usually degrade at a slower rate than sewage and their presence is likely 
to have an adverse impact on the efficiency of treatment processes. 

o The intermittent nature of faecal sludge and septage loading will give 
rise to high instantaneous loads and so amplify the problems identified 
above (Tayler, 2018).

1.5.3 Best practices of co-treatment/solid–liquid separation modules for 
faecal sludge treatment
The table 4 below, shows examples of co-treatment where modules for pre-
treatment of FSS are added to an STP where the separated liquid is treated in 
the STP while the separated solids are treated separately.

Table 4:  Best practices of co-treatment / solid-liquid separation of FSS
Location Process / Technology

Septage 
treatment at 
Puri, Odisha, 
India

A Settling Thickening Tank (STT) is 
used to separate the solid and liquid. The 
supernatant from the STT is pumped 
to the existing STP based on WSP 
technology where the settled sludge is 
pumped to the existing STP drying beds.

Co-treatment 
at STP in 
Pantai, Kuala 
Lumpur, 
Malaysia

Septage receiving station

Screw Press for S-L separation

The co-treatment mechanized solid–
liquid separation modules (i.e. Screw 
Press). The separated liquid is treated 
in the STP and the separated solids is 
disposed off in a landfill.

Septage 
treatment 
at, Brgy. 
San Roque 
Baliwag, 
Bulacan, 
Philippines

The septage after the initial screening and 
grit removal uses a Screw Press for solid–
liquid separation for septage. 

The separated liquid and solids are 
treated separately. The liquid is treated in 
a SBR treatment system.

Septage 
treatment 
Plant at 
Bakasi, 
Indonesia

Septage is received by a mechanized 
receiving station where after screening 
and grit removal, screw press is used for 
solid–liquid separation.
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2.1  City profile

Lucknow, the capital city of the Indian state of Uttar Pradesh, is located in the 
central region of the state. It is situated at 26ᴼ30’ & 27ᴼ10’ N latitude and 80ᴼ30’ 
& 81ᴼ31’ E longitude. The city is spread to 348.8 sq.km with a population of 
28.17 Lakh (512,519 households). The population density in the city is 8,077 
persons per sq.km, which is higher than the average density of the state of 
Uttar Pradesh (828 persons per sq.km) but much lower than that of the national 
capital region (11,297 persons per sq.km). Lucknow city is situated on the bank 
of river Gomti—an alluvial river of the Ganga Plain, which divides the city into 
two parts—Cis-Gomti and Trans-Gomti.

Table 5: Demographics of Lucknow city as per census
Features 1991 2001 2011

Total Population 1,669,204 2,266,933 2,817,105

Area (sq. km) 337.50 337.50 348.80

Population density (per sq. km.) 4,946 6,717 8,077

Figure 3: Access to toilets in Lucknow

90%

8%

IHHTs

Public toilets

Open defecation

2%

(Census 2011)

2.1.1 Access to toilets
As per Census 2011, 90.2% of the households in Lucknow had access to 
Individual Household Latrines (IHHLs) while 2.5% were dependent on public 
toilets (PTs) and community toilets (CTs) (Figure 3).  Further, around 7.5% of 
households lack access to any kind of sanitation facilities and were defecating 
in the open. 

2.1.2 Sewage collection and conveyance system
As per Census (2011), 54.2% of households were connected to piped sewer 

2.	Lucknow—Assessment	of	excreta	management
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while the remaining 36% were connected to Onsite Sanitation systems (OSS) 
including septic tanks (32.4%). Further as per talks with officials from Lucknow 
Nagar Nigam and UPJN, there are 33 open drains that carry storm water and 
all kinds of wastewaters. Out of 33 drains, 26 drains are intercepted and the 
remaining 7 drains let all untreated wastewaters flow into Gomti River. 

2.1.3 Sewage treatment facilities
There are two STPs in Lucknow with a total installed capacity of 401 MLD, 
which are currently handling a load of 415 MLD. Table 6 gives broad details 
about the STPs in Lucknow.

Table 6: Details of existing STPs in Lucknow

STP Design 
Capacity 

(MLD)

Inlets Quantity 
of sewage 
received 

from each 
source (MLD)

Total 
quantity 

of influent 
(MLD)

Remarks

Bharwara 345 •• 22 drains

•• 837 km sewer

250–260

80–90

350 Treating 5MLD 
(1.5%) more than 
its design capacity

Daulatganj 56 •• 4 drains

•• 339 km sewer

30–35

25–30

65 Treating 9MLD 
(16%) more than its 
design capacity

Source: KII with UPJN officials  

2.2 CSE’s assessment of excreta management in Lucknow 

Figure 4: SFD of Lucknow city

Source: CSE, 2018
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A Shit (or Excreta) Flow Diagram was prepared for Lucknow by CSE after a 
detailed study of the city. The diagram shows the percentage of population 
whose excreta is safely managed across the sanitation value chain. From the 
diagram we can see that the excreta generated by 61% population of the city’s 
is safely treated (shown in Green) however, excreta generated by 39% of the 
population is not safely treated (shown in Red). 

However, it may be noted that all the 61% of the FSS shown as safely managed 
in the SFD are discharged at the nearest SPS or drains leading to SPS. The 
possible detrimental impact of uncontrolled discharge of FSS in SPS could 
have long-term damaging impact on the sewerage network and the pumping 
station with issues such as clogging and damaging of pipes.  

Box 4: Case for co-treatment in Lucknow

The SFD study shows that 47% of the households in Lucknow are dependent upon Onsite Sanitation 

Systems. There is a functioning sewerage network with two operational STPs. A gap-filling FSSM 

approach with co-treatment of FSS in the existing STPs would be a viable approach. This intervention 

would significantly reduce the unsafely managed excreta as shown in the SFD as well as reducing the 

risk of potential detrimental impact of FSS on the pumping stations, sewerage network and the STPs.

2.2.1 Results from study of city-wide sanitation in Lucknow 
An overview of the finding from CSE’s study about the present scenario of the 
sanitation value chain in Lucknow is presented below:

a) Containment: 
The sewerage network is available to more than half of the population of the 
city and the rest is largely dependent on onsite sanitation systems (OSS). 
Only a scant population practices open defecation. Currently, there are many 
areas where the sewer line has already been laid, but the sewers are yet to be 
connected to their respective STPs. 

Customarily, the population dependent on OSS have constructed either septic 
tanks or fully lined tanks (with and without outlets), lined tanks with open 
bottom or unlined pits (locally called as sokhta gaddha). Any kind of lined tanks 
(with outlet) connected to toilets are locally called septic tanks irrespective of 
whether it adheres to the design specifications prescribed by Bureau of Indian 
Standards (BIS), or not. Due to lack of standardization of containment systems 
and absence of enforcement of BIS code for septic tanks, it was observed that 
few households have constructed extremely large containments systems, which 
would not need emptying for at least 10 years. However, such a containment 
system would potentially contaminate the ground water in the locality.

Figure 5: Under construction septic tank in 
Lucknow

Figure 6: Septic tank of a public toilet

Source: CSE 2018
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b) Emptying
Emptying frequency differs widely across the city, depending upon the type 
of OSS. Containments, which do not have outlet, have an emptying frequency 
ranging from 6 months to 1 year, whereas the emptying frequency of systems 
with open bottom increases to 12–15 years. 

LNN owns and operates 10 vacuum tankers and 6 truck jetting and sucking 
machines of which tractor mounted have a faecal sludge carrying capacity of 
3000 litres capacity. The emptying fee per trip charged by the LNN for 3,000 
litres capacity tankers is Rs 1,500. On an average, these tankers cumulatively 
complete 2–3 trips per day, monsoon being the peak season for emptying.

As per discussion with LNN officials, there are 35 private vacuum tankers ply-
ing in the city, of which 13 are registered with the LNN. The faecal sludge 
carrying capacities of these trucks varies between 5000–6000 litres and the fee 
charged by them ranges from Rs 800–Rs 4000 per trip. 

Figure 7: LMC owned vacuum tanker emptying containments of households

Source: CSE 2018

c) Transportation
Sewage from the sewer network is pumped from Sewage Pumping Stations 
(SPSs) to the Sewage Treatment Plants (STPs). For effective planning, imple-
mentation and maintenance, the UPJN has divided the whole city into four 
sewage districts. Faecal sludge and septage are conveyed through truck/tractor 
mounted vacuum tankers (figure 8). Average distance covered by the emptiers 
per trip is about 5–6 km. The supernatant generated from containment (septic 
tank / fully lined tank) connected to open drains, is transported through lined 
open drains. These small drains eventually cover to form big drains and there 
are a total of 33 big drains (locally called nullahs) in the city. Out of the total 33 
big drains, 26 are eventually intercepted by the sewerage network and the rest 
discharged directly into River Gomti.

Figure 8: Private registered emptier

Source: CSE 2018
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d) Treatment and end-use/disposal
It was observed during the survey that households discharge their wastewater 
into the sewerage network but in the absence of complete trunk sewers, the 
sewage flows into open drains and ground, which are eventually intercepted 
by SPSs and pumped to STPs. There are a total of two STPs in the city with cu-
mulative sewage treatment capacity of 401 MLD. Treated sewage from the STPs 
is discharged into Gomti River. The treated sludge from the STPs is used in 
landfilling and is given to the nearby farmers for no cost, at present. There are 
no set protocols / procedures for safe disposal of treated sludge or its end use.

Figure 9: Private operator discharging FSS in 
open ground

Figure 10:  Inlet of STP at Bharwara     

Source: CSE 2018
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3.1 Bharwara STP: Overview 

3.1.1 Introduction
Bharwara Sewage Treatment Plant (STP) is located at Bharwara in Gomti Nagar,  
Lucknow. It is touted as Asia’s largest STP. Its operation commenced in 2011.

3.1.2 Details of STP 
STP at Bharwara is based on Upflow Anaerobic Sludge Blanket (UASB) Reactor 
technology and is spread across 120 hectares area. The block diagram of the 
technological components involved is shown below in Figure 12.. The technical 
specification of each component is provided in Annexure 1.

The sewage at the inlet of the STP comes from the Main Pumping station 
located at Gwari. The inlet of the STP is divided into 3 distribution streams A, 
B and C as shown above in Figure 11. Each has a capacity of 115 MLD. From 
the inlet, the wastewater flow through mechanical screens, which are two in 
number and one manual screen, is on standby. The coarse matter is trapped in 
the screens. Next in line is grit chamber, which is used to trap the grit material. 
The trapped grit is removed from the channel via an outlet situated at the end 
of the chamber.

3.		 Assessment	of	Bharwara	STP	
	 (Lucknow)	for	co-treatment

A
B

C

Sludge Drying Beds

UASB reactor

Preliminary Treatment

Pre Aeration Tank

Polishing Pond

Source: UPJN

Figure 11: Aerial view of Bharwara STP
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The wastewater then flows to Upflow Anaerobic Sludge Blanket (UASB) 
reactors. UASB is an anaerobic process whilst forming a blanket of granular 
sludge that suspends in the tank. Wastewater flows upwards through the 
blanket and is processed (degraded) by the anaerobic micro-organisms. 

The end product of the process is biogas, which is stored in gas chambers and is 
currently being flared into the atmosphere. The sludge generated from the reactor 
is sent to sludge pumping station and from there it is being pumped to sludge 
drying beds. The treated wastewater from the UASB reactor is then taken to pre-
aeration tank where the wastewater is aerated with the help of surface aerators. 
Each tank has one aerator. From the pre-aeration unit, treated wastewater is 
then taken to final polishing pond where the wastewater is kept for 24–48 hours. 
From final polishing pond, the treated wastewater is taken to chlorine contact 
chambers. Here the water is chlorinated, which kills the pathogens present in 
the water. Finally, the water is released from outlet of the STP.

Figure 12: Block diagram of Bharwara STP

Source: UPJN KII & CSE Field Visits

3.1.3 Operational performance of the Bharwara STP during site visit
A site visit was undertaken by CSE in the presence of the Project Manager UPJN 
to understand the current functioning of the STP. Observations from the site 
visit by CSE and KII with UPJN officials and site operators are as follows:
•• The STP was found to be in operation on the day of monitoring. 
•• The STP has three channels each of 115 MLD. The channels are fed by 

the Gwari pumping station in Gomti Nagar drawing sewage from two 
subsidiary pumping stations each situated on two major canals–Kukrail 
canal (Balkuuthdham PS having capacity of 190 MLD, six pumps–1000HP 
/ 1700 lips) and Ghiasuddin Haider canal PS (158 MLD). 

•• There are 22 drains which are connected to the STP. There are seven drains, 
which are yet to be trapped and taken for treatment. At present, the sewage 
from these    seven drains goes to river Gomti untreated. 

•• The STP has six numbers of screen (mechanical) as sewage is divided into 
three channels. Each channel has two sub-channels. Manual screens as 
standby installed the same purpose.

•• Six Grit chambers for removing grit particles were installed. Each channel 
has two grit channels.

•• It was informed that grit particles collected during primary treatment of 
sewage were disposed-off as filler material in low-lying areas.

•• The STP has installed electromagnetic flow meters for measurement of 
sewage flow in each channel (three)  at the inlet and records maintained.

•• Secondary treatment of sewage was done by providing the UASB reactors. 
The STP has 30 reactors and each reactor has 11.5 MLD capacities. 

•• The gases generated during the treatment process in the UASB reactors are 
stored in the three gas holders.

Chlorine contact chambers

Influent 
wastewater

Screen grit 
chamber

UASB  
reactor

Equalisation  
tank

Pre-aeration  
tank

Treated 
wastewater

Dried bio 
solids

Sludge  
drying bed

Chlorine contact 
chambers

Final polishing
tank
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•• About 30–35 cum per hour biogas is generated presently. 
•• Total 60–65 MT dry sludge generated during treatment in the UASB 

reactors was received by the SDBs and it was sent to farmers for utilizing in 
agriculture activities. There are 106 SDBs.

•• The sludge generated by the STP is given to farmers for free. However, no 
record is being maintained regarding the amount of sludge given to farmers.

•• The treated water from UASB is collected in pre-aeration tanks for further 
treatment. 

•• Pre-aeration tank had 18 surface aerators installed. The aerated water was 
further received by aeration tanks (six) where three floated aerators of 30 
HP capacity were installed in each aeration tank.

•• The STP has polishing ponds (three) for enhancing the quality of treated 
water.

•• The STP has installed chlorination treatment for removal of harmful 
bacteria from the treated water.

•• The chlorination system has the booster pump with capacity 20 m3/hr at 
the rate of 06 kg/cm2. The chlorination was carried out in the chlorination 
contact tank. 

•• The STP has neither the on-line continuous monitoring system nor 
electromagnetic flow meter at final discharge of STP.

The test report of the STP effluent conducted by UPJN lab is attached in 
Annexure 1. The report shows an average influent BOD, COD and TSS of 
140 mg/l, 275 mg/l and 230 mg/l respectively. The treated effluent meets the 
previously notified discharge standards of BOD 30 mg/l and TSS 50 mg/l to 
water bodies. However, the STP does not meet the current notified standards 
set by the National Green Tribunal (NGT). Through visual analysis during the 
site visit, it was observed the UASB reactor might not be working efficiently. 
Foam formation was observed in the effluent from the UASB reactor. This 
might be because of the low sludge retention time in the UASB reactor. 
Currently, sludge is removed from all the three positions (top, middle and 
bottom) regularly after two days, which might be affecting the efficiency of 
the UASB process. Highly active sludge at the bottom mainly responsible 
for biodegradation of organics is removed thus rendering the entire UASB 
process ineffective. Another possible reason might be the presence of Fats, 
Oil & Grease (FOG) in the influent. 

Even though Bharwara STP is working at full capacity, co-treatment is still 
feasible because:
•• The FSS (20 KLD in present FSS quantity) introduced into the STP system 

is negligible as compared to the capacity of the STP (345 MLD). The influent 
sludge volume is 0.006% of the STP capacity.

•• The influent sewage received at the STP has low BOD and COD i.e 140 
mg/l and 275 mg/l respectively as compared to traditional raw sewage. 
One possible reason for this is that significant amount of STP influent is 
received from tapping nullahs. Therefore, even the high COD and TSS of 
FSS would be diluted by the sheer volume of influent sewage with low 
COD, which does not affect the normal functioning of the STP. 

Even though co-treatment is feasible at present loading conditions, future 
loading conditions would also have to be kept in mind and the characteristics 
of STP influent and effluent monitored regularly.
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Figure 13: Foam formation after UASB reactor in Bharwara STP

Source: CSE field visit December 2018

Box 5: Way forward—Improving existing STP treatment efficiency

Action Plan to improve the existing STP treatment efficiency

1. Study to evaluate STP efficiency

a. Wastewater samples should be collected from influent and effluent of each mod-

ule of the STP to evaluate how each module is working.

b. Samples from the UASB reactor can be taken to measure key parameters like 

pH, Ammoniacal Nitrogen content and F/M ratio in order to ascertain whether 

optimal conditions are being maintained in the reactor for effective biological 

treatment. 

2. Suggested interventions

a. Maintain the sludge retention time in the UASB reactor to at least 2–4 weeks. 

Currently, it was found to be maintained only for 1–2 days.

b. Installation Fats-Oil-Grease treatment unit at the inlet of the STP.

c. An additional unit or increase aeration and retention time in the treatment mod-

ules subsequent to the UASB reactor. This would be needed to ensure the revised 

effluent parameters set by the NGT are met by the STP.

 
3.2 Existing co-treatment initiatives in Lucknow

The main driver for initiating co-treatment was the fact that private de-sludging 
operators were dumping septage into Gomti River / open areas / drains and 
LNN decided to stop this unauthorized dumping and stem the resultant river 
pollution. A directive of the National Green Tribunal (NGT), regarding the need 
to arrest pollution of the region’s water bodies, was another factor that prompted 
firm action from the local body. Further, the inclusion of co-treatment as one 
of the parameters in the Swachh Survekshan (2018) was an incentive for LNN 
to implement co-treatment in order to improve the city’s overall score and the 
resultant national ranking.
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Simultaneous to the initiation of co-treatment facility, LNN undertook strict 
enforcement of the NGT’s directives and provisions of the Swachh Bharat 
Mission (SBM). A notification was published by the LNN (refer Annexure 1)  in 
all leading newspapers about making it mandatory for all private de-sludging 
operators to register with LNN and decant the Faecal Sludge and Septage 
(FSS) at designated points, which included existing Sewage Pumping Stations 
(including intermediate and main). Penalties amounting to INR 10,000 were 
imposed on private de-sludging trucks found disposing FSS unsafely. This twin 
strategy of strict enforcement of environmental pollution control laws along 
with making provision of decanting facility helped LNN ensure that private 
de-sludging operators operating in the city were registered with the local body. 
The process of registration of private de-sludging operators was initiated in 
September 2017 and at present, six operators which have 13 trucks collectively, 
have registered with LNN. Vehicles used for de-sludging are trucks mounted 
with suction pumps and tanker with capacities ranging from 4000–5000 litres.

At present, there are presumably 35 private vacuum tankers plying in the city 
each with a capacity of 4000–5000 litres. Each tanker makes around 1–2 trips 
per day. The tankers cover a distance of 10–12 km per trip and the average time 
taken to empty and decant is 01–1.5 hours. 

3.3 Possible detrimental impacts of existing for co-treatment practice on 
Lucknow’s sewarage system

Currently in Lucknow, FSS is directly discharged into the existing sewage 
pumping stations. It is the most convenient and economical approach from 
the point of view of collection and transportation. However, the present 
practice of discharging of the FSS in the SPS in Lucknow is being done in 
an uncontrolled manner. The characteristics of FSS are highly variable, as 
already mentioned in the previous chapters, with parameters being up to 10 
times higher than sewage. 
 
The sewerage infrastructure and the existing STPs are not designed to handle 
characteristics of a typical low or high strength FSS. The uncontrolled discharge 
of FSS either in the sewerage network or in the STP can have damaging effects 
on the existing infrastructure which can include:
1. Clogging of pipes with excessive solids.
2. Corrosion of pipes and other infrastructure related to the sewerage 

network 
3. Process disruption of the existing STPs as already discussed in the 

previous chapters. 
4. Increase in the O&M requirements associated with frequent de-sludging, 

higher aeration requirement at the STPs.
5. Reducing the overall useful design period of the sewerage infrastructure 

and STPs.

It is recommended to study the characteristics of FSS in the local context and 
explore possible options of pre-treatment modules before FSS is discharged 
into the STP.   
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4.			Characteristics	of	Faecal	Sludge	and	Septage	(FSS)

Faecal Sludge and Septage characteristics are highly variable as it depends 
on several factors such as the type of containment unit (septic tank, 
pits), de-sludging frequency, techniques of de-sludging, temperature soil 
characteristics and ground water table in a city etc. In general, FSS is generally 
much more concentrated than sewerage around 10–100 times higher in organic 
pollutants and suspended solids. Some of the common factors that determine 
the characteristics of the FSS are shown in the box below. 

Box 6:  Factors affecting characteristics of FSS

Factors affecting FSS Quality and characteristics variability

1. Source of FSS and toilet usage: The household habits associated with toilet usage af-

fects the FSS quality, for example, dry versus flush toilet, volume of water flushed, and 

inclusion of grey water from kitchen and bathroom, addition of solid waste. It has been 

observed septic tanks in hotels and restaurants tend to have more oil and grease since 

the waste water from the kitchen is often connected to the septic tank. 

2. Type of Containment and storage duration: The storage time in the pit or tank de-

termine the degree of digestion that would occur. In general, the FSS would be less 

digested or stabilized (because of shorter shortage time); it therefore, may require an 

additional treatment step such as a bio digester as compared to the sludge from septic 

tanks or pits. The emptying frequency of septic tanks varies greatly based on the vol-

ume and number of users, and can be anywhere from weeks to years. FSS that has been 

stored in a septic tank for a period of years will have undergone more stabilization than 

FSS from public toilets.

3. Emptying Method: During the filling of onsite containment systems, the FSS gets denser 

at the bottom due to compaction. This FSS is more difficult to remove by pumping, and 

is therefore, frequently not emptied and left at the bottom of the containment system. 

In cases where they are emptied it will either require mechanical / manual interventions 

or adding water to decrease the viscosity and enable pumping. Pit latrines which are 

unlined or partially lined also frequently require flushing with large amounts of water 

in order to pump the FSS, as liquid leaching from the pit increases the thickness of the 

FSS. FSS that has been removed by pumping is generally more dilute and less viscous 

than FSS that is manually collected.

4. Climate: It has a direct influence mainly due to temperature and moisture. In regions 

of high rainfall, frequent de-sludging is required and the sludge collected will be more 

diluted. The rate of degradation also increases with an increase in temperature. 

5. Inflow and infiltration: The permeability of containment systems is influenced by 

whether they are unlined, partially lined, completely lined, connected to drainfields 

or soakpits, and the quality of construction. If systems are permeable, the amount of 

inflow and infiltration will be influenced by the type of soil and the groundwater level. 

This would have an impact on the characteristics of the faecal sludge.

4.1 Typical characteristics of FSS

The characteristics of FSS are highly variable due to the factors mentioned 
above. Heinss et al (1998) in a paper presented a comparison of characteristics 
of fresh FSS and partially digested FSS. The values were based on a study done 
previously in Accra (Ghana), Manila (Philippines) and Bangkok (Thailand).
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The characteristic of fresh and digested / stabilized FSS and sewage is given in 
the table below.

Table 7: Characteristics of FSS and comparison with tropical sewage 
Item Type ‘A’ 

(Fresh FSS)
Type ‘B’ 

(Partially Digested  
FSS)

Sewage

Example Public toilet or bucket 
latrine sludge

Septage Tropical sewage

COD (mg/l) 20,000–50,000 <15,000 500–2,500

COD/BOD 2:1–5:1 5:1–10:1 2:1

NH4-N (mg/l) 2,000–5,000 <1,000 30–70

TS (mg/l) (%) ≥ 3.5 < 3 < 1

SS (mg/l) ≥ 30,000 ≈ 7,000 200–700

Helm. eggs, (no./l) 20,000–60,000 ≈ 4,000 300–2,000

(adapted from Heinss et al., 1998)

The table above shows huge variation in the characteristics of FSS due to the 
factors, which have already been discussed. Thus, in addition to characterization 
of FSS as fresh and partially digested, FSS can be further classified into low 
strength, medium strength and high strength depending upon their COD, TN 
and TSS characteristics as shown in the table 8 below:    

Table 8: Characteristics of Feacal Sludge
Sludge Type Fresh Digested

Strength High 
Strength

Medium
Strength

Low 
Strength

High 
Strength

Medium
Strength

Low 
Strength

COD (mg/L) 250,000 65,000 10,000 90,000 45,000 3,000

TN (mg/L) 5,000 3,400 2,000 1,500 400 200

TSS (mg/L) 100,000 53,000 7,000 45,000 25,000 1,500

(Dangol, 2013; Hooijmans et al., 2013)

4.2 Tests of FSS samples in Lucknow by UPJN

UPJN undertook testing of FSS at its laboratory at the Bharwara STP in December 
2018. The sampling protocol and equipment used to test wastewater samples 
were used for this testing. The samples were taken from the Main Pumping 
Station (designated disposal site for registered de-sludgers). The locality from 
where the sample was received was being recorded; however, the typology of 
containment system and establishment was not recorded. The results of the 
samples tested by UPJN at Lucknow are shown below. 
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Table 9: FSS characteristics in Lucknow
Location pH (mg/L) DO (mg/L) TSS (mg/L) COD (mg/L) BOD (mg/L) BOD/COD

Khargapur 7.76 Nil 25,006 20,800 6,500 0.3125

Lakshmanpuri 7.80 Nil 7,204 3,200 1,650 0.5156

Abrar Nagar 7.69 Nil 14,300 7,900 2,150 0.272

Harihar Nagar 7.90 Nil 39,400 27,500 7,000 0.10

Indira Nagar 7.54 Nil 15,760 6,160 2,850 0.462

Takrohi 7.32 Nil 27,125 8,750 5,500 0.628

Vibhuti Khand 7.18 Nil 86,600 36,000 7,700 0.214

Harihar Nagar 7.18 Nil 23,500 7,800 3,100 0.397

Thakurganj 7.36 Nil 22,500 7,500 2,100 0.280

Source: UPJN

4.3 FSS testing and sampling protocols at CSE laboratory

Although we get a fair idea of chemical and biological characterization of FSS 
from already published texts, research papers worldwide, which have also 
been referred to in previous chapters, CSE decided it would be prudent and 
wise to initiate a first-of-its-kind India-specific study wherein FSS samples 
from the vast geography of India shall be collected, analysed and eventually, 
the findings shall be published.  Relevant stakeholders can make an informed 
choice on which treatment technology is to be adopted. As part of this study, 
cities including Bijnor and Chunar from Uttar Pradesh were selected which are 
located at the extreme ends of the state and would be ideal to understand the 
variability of FSS characteristics in the state. 

The sampling methodology followed by CSE include:
• Planning for sampling: Finalizing the geographical reach, timing of sample 

pickup and study duration, number of samples and parameters to be 
measured, types of containment and establishments that the systems are 
catering to are known and recorded.

• Preparation of sampling kit: Personal Protective Equipment (PPEs), 
collection bottles, labels and marker, sampler, bucket and ladle, icebox and 
pH portable meter or pH measuring strips, colour chart and thermometer 
are the materials that need to be carried for sampling and use, according to 
the pre-defined protocols and procedures.

• Trained manpower: An experienced staffer is always there to lead a 
sampling exercise while others may accompany him or her as trainees. 
Prior to sampling, an internal briefing takes place at the CSE laboratory so 
that people are on the same page. If they are in the team, a junior staffer may 
be given the task of getting questionnaires filled up from property owner 
and the emptier.

• Collection of samples: Steps involved and followed while collecting 
samples from the discharge point of the de-sludging vehicle include:
i. Reach the outlet point of the tanker and open up the drain valve gently. 

Now one can start collecting the out-flowing sludge as per the time 
intervals calculated using the procedure explained below.

ii. ‘t’ is an equal interval of time that we calculate prior to the sample 
collection. So, if there is a truck that takes T = 10 minutes to drain 
completely, then ‘t’ = 2.5 mins for ‘n’ (number of samples) = 5  
t = T/(n-1) 
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Hence, value of t depends on the total drainage time of the truck and 
number of samples to be mixed together to make a composite sample

iii. Periodicity of sample collection: -
‘0’ minutes (at the beginning)
‘0 + t’ minutes (2.5 mins)
‘0 + 2t’ minutes: (5 mins)
‘0 + 3t’ minutes: (7.5 mins)
‘0 + 4t’ minutes: (10 mins, at the end)

An error in timekeeping of ± 10 seconds is acceptable while doing this 
exercise.

iv. The mix of these 5 samples is then churned using a ladle and poured 
into a bottle. It is considered representative of the load that the tanker 
extracted from the septic tank/ABR /containment.

Steps involved in sampling with the core sampler are given below (for samples 
taken directly from containment):

i. Assemble the core sampler at the site. The height can be adjusted (if 
extendable), as per the site requirements. 

ii. The sampler should be high enough to sample the full vertical section 
of the sludge standing in the containment.

iii. The joint should be made with a rubber washer inserted between the 
two sections to prevent any leakage of sludge/liquid.

iv. One should put it vertically inside the tank and push it through gently 
to the bottom layers where it’ll come to rest softly against the floor. If 
pushed too fast, it may result in splashing, air pockets and breakage 
due to impact.

v. After the sampler is filled up with the sludge, water and scum, the 
sampler should be retracted back vertically and upturned into a 
bucket or container. From there, an appropriate sample volume can be 
taken out. 

vi. Sample taken this way is a more representative one with all layers 
accounted for, in correct proportions. 

• On-site Testing: After the sludge sample is collected using either of the 
above two methods, there are a certain number of basic on-site tests that can 
be performed on the samples that includes pH, containment temperature, 
odour and colour. 

• Work after sample lifting and on-site testing: After the sample collection and 
on-site testing are completed, the leftover composite sample can be safely 
disposed off at the designated discharge point. pH value can be measured 
for the composite sample that has just been stored in the sterile container. 
Thereafter, all the equipment such as sampler, bucket, ladle etc. is to be 
washed with clean water and soap, before being secured in a storage bag. 
The gloves should be secured in a bio-hazard bag and disposed off suitably.

• Sample preservation: Preservation of the sample is imperative for getting 
analytical results that can be trusted. Since sludge characteristics are 
transient, it is very much important to get them to the laboratory as quickly 
as one can, to start the analysis. CSE’s laboratory has sampled at sites close 
to its home base and at sites that are more than a thousand kilometers away. 
In both scenarios, sample preservation methods differ.



32

MAINSTREAMING CO-TREATMENT OF FAECAL SLUDGE & SEPTAGE (FSS) IN STPS IN UTTAR PRADESH

At sites where travel time is a few hours, samples are put in an ice box with 
frozen ice gel packs that keep the inside temperature close to 1 oC ~ 4 oC. After 
arrival, they are immediately set for processing.

At sites where travel time is over 12 hours and sometimes could even take more 
than a day, samples are put in an icebox with chunks of dry ice. This situation 
may not be ideal, but at least ensures that microbial activity and degradation is 
arrested and the samples stay as they are.

4.4 Tests and results from FSS samples in Chunar and Bijnor by CSE

CSE  collected samples in the cities of Chunar and Bijnor on January 2019 
and February 2019 respectively, following the strict process and protocols 
mentioned in the above section. The samples were collected at the discharging 
point of the de-sludging vehicle. The information related to the source of the 
FSS was also recorded. 

Figure 14: FSS sample collection from Bijnor and Chunar, respectively

(Source: CSE laboratory)

The results from the tests conducted by CSE on the samples collected from 
Bijnor and Chunar are shown in the tables below.

Table 10: FSS Characteristics in Chunar 
Location pH  

(mg/L)
Moisture 
Content

TS  
(mg/L)

COD  
(mg/L)

BOD  
(mg/L)

COD/BOD

Jal Kal campus 6.6 96.7 32,160 67,950 5,800 11.7

Primary health 
centre

6.8 96.6 40,400 71,700 3,790 18.9

Kanshiram Awas 
Colony

6.2 94.8 30,500 72,300 5610 12.9

Community toilet 6.8 95 60,960 100,800 3,730 27.0

Public toilet 6.6 99.1 17,360 31,800 2,960 10.7

Radiant 
International 
School

6.5 96.3 31,000 53,100 3,260 16.3

Composite sample 6.6 44,960 59,400 -

(Source: CSE Lab)
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Table 11: FSS characteristics in Bijnor
Location pH (mg/L) Moisture Content TS (mg/L) COD (mg/L) BOD (mg/L) COD/BOD

Hotel Chetali, Taimoorpur 6.5 98.1 50,328 32,600 4,800 6.8

Household–Railway colony, 
Rashidpur Garhi

7.2 99.2 25,360 20,550 1,380 14.9

Household– Mukarpur Khema 6.5 84.3 118,348 72,300 5,430 13.3

Household–Valmiki basti 7.3 96.7 31,398 120,100 4,630 25.9

Household–Jyothi Nagar 7.5 93.0 34,388 35,900 2,420 14.8

Krishna College 7.2 99.4 1,278 1,040 870 1.2

Household– Faridpur 6.8 94.2 42,264 45,550 1,640 27.8

CT-Ravidas Nagar 6.9 99.2 2,638 6,200 630 9.8

District Hospital, Rambagh 7.4 98.9 9,766 16,200 1,258 12.9

District Magistrate Residence, 
Sadar Bazar

7.8 93.4 79,622 71,950 3,850 18.7

Household–Awas Vikas 
colony, Islampur Das

7.5 96.4 41,424 49,300 3,010 16.4

Composite sample 7.2 98.1 27,594 37,900 2,690 14.1

(Source: CSE laboratory)

COD to BOD ratio is the measure of FSS susceptibility to biodegradation: the 
higher the ratio, the more refractory matter it contains. Both in the case of 
Chunar as well as Bijnor, the COD to BOD ratio is consistently over 10 which 
means substantial stabilization has already undertaken in the FSS, and it is not 
really biodegradable. 

As already mentioned characteristics of the FSS are highly variable. Huge 
variations can also be seen in the COD and BOD values from testing done on 
samples from Bijnor and Chunar by CSE as well as testing done by UPJN on 
FSS samples in Lucknow. 

Considering the huge variation in the BOD and COD level observed in  
the samples, it is considered prudent to map out a scenario analysis of  
low-strength, medium-strength and high-strength influent FSS and study the 
impact on treatment efficiency of the STP. The COD varies from 6,000 mg/L to 
120,000 mg/L. 
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5.			Technology	options	for	co-treatment	in	an	STP

5.1 Different options for co-treatment

Objective: 
The characteristics of FSS are highly variable as already discussed in previous 
chapters.  The main points of concern are the high organic content, solids, 
nutrients and pathogens. The main objective of treatment of FSS is:
1. Liquids–to bring down the organic, nutrient loads, total solids and 

pathogens in compliance with the CPCB discharge norms or appropriate 
norms based on the re-use or discharge into the environment.

2. Solids–to make it suitable for re-use or safe disposal by:
a. Bringing the total solids content of FSS upto 25–30% such that it can 

be handled as a solid.
b. Removing pathogens.

Approach for Treatment of FSS:
While deciding to undertake co-treatment of FSS in a STP,  it is important 
to evaluate the existing characteristics of FSS (total solids, organic load and 
nutrient load), operational capacity of the STP and the treatment technology 
of the STP. Total solids content is an important parameter in accessing the pre-
treatment option for undertaking co-treatment in STP. 

Preliminary Treatment:
It is advised that the FSS must undergo some type of preliminary treatment 
that may include screening, grit removal and the removal of fat, oil and grease 
depending upon the characteristics of FSS. This is needed in order to avoid 
process disruption and clogging of the STP pipes due to excess solids or trash 
in raw FSS. 

In cases where significant quantity of fresh FSS is received at the plant, a 
stabilization unit can be added during preliminary treatment. This will help 
in the ease of treatment in the further units, the settle the solids in FSS and aid 
the further de-watering, which might be required for re-usability of the treated 
solids.

Co-treatment of FSS in an STP       
After the preliminary treatment, there are various options for co-treatment of 
FSS in STPs. The options can broadly be categorized into two approaches:
1. Direct discharge of  FSS: This approach includes controlled discharge into 

the existing STP.  This should ideally be done after preliminary treatment 
and homogenization. This would only be suitable for faecal sludge with 
solids contents less than or equal to 1% and after checking the spare 
capacity of the concerned STP with respect to the operational Organic 
Loading Rate (OLR) and Hydraulic Loading Rate (HLR). 

 Depending upon the distance of the STP from the city, authorities 
might opt for discharge of FSS at the nearest STP or SPS or a sewerage  
network manhole. However, such initiatives should be done with caution. 
Since the sewerage network is not designed for the high strength and solid 
contents associated with FSS, there are chances of clogging and corrosion 
of the pipes.
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2. Provide solid–liquid separation unit: The unit could be gravity based or 
mechanical based. The liquid part is treated in the existing STP while 
the solids can be treated in the sludge drying beds of the existing STP or 
separate units. This is suitable for FSS with solids content of at least 1% or 
greater. 

In case it is decided to undertake solid–liquid separation, (Figure 15) shows 
the various stages of treatment of FSS and the technology options for the same.  

Figure 15: Treatment options for FSS

Solid–Liquid 
separation

Liquid 
treatment

Treated 
effluent

Dried solids / 
Manure

Solids 
treatment

• Sludge drying beds 
• Pyrolysis
• Co-composting

• Settling thickening tank 
• Geo-bag
• Unplanted/Planted 

drying bed
• Mechanical presses

• Co-treatment in an 
existing STP

• Dedicated liquid 
treatment modules

END PRODUCT

OPTIONS FOR LIQUID TREATMENT

OPTIONS FOR SOLIDS TREATMENT

END PRODUCT

OPTIONS FOR SOLID LIQUID TREATMENT

PRELIMINARY TREATMENT

Screening/  
Grit removal

Stabilization

(Optional)

Adapted from Tayler, 2018

Options for solid–liquid separation:
Providing a solid–liquid separation unit is important for co-treatment of FSS in 
an STP due to the following reasons:
1. The existing STP is not designed for high solids and organic fractions present 

in FSS. Most of its non-biodegradable COD is associated with particulate 
matter, as is its non-biodegradable COD. Removal of this material from 
the liquid flow will render the liquid more amenable to treatment (Tayler, 
2018).  The solid–liquid separation unit helps in reduction of the organic 
and suspended solids load in the liquid fractions and thus reducing risk 
of process disruption in the existing STP and also reduces the problems 
associated with excessive solids getting accumulated in the STP. 

2. Reduce water content of the separated solids and thus aid the subsequent 
modules to be used for de-watering for end-use or safe disposal. 

Solid–liquid separation can be achieved through settling by gravity, filtration, 
evaporation, evapotranspiration, use of pressure or centrifugal movements. 
Depending upon the solids content of the inlet FSS, the following solid–liquid 
separation techniques may be preferred:
 i. FSS with solids content between 1–5%:

a) Settling thickening tanks:
The settling thickening tanks works on the principle of settling through gravity. 
Fresh FSS should be stabilized before introduction in this module. This 
option requires an active sludge management as the settled sludge needs to 
be removed periodically (typically in the range of 3–10 days). The separated 
sludge normally has solids content in the range of 4–10%, contains pathogens, 
and hence requires further treatment for safe disposal or reuse. 
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Figure 16: Settling thickening tank for solid–liquid separation of 
Septage at STP, Puri, Odisha

Source: CSE field visit, 2018

b) Geo-bags:
Geo-bags are long and narrow bags made from flexible, high strength and 
permeable material (Figure 17). They work on the principle of filtration. Once 
the FSS is pumped into the bag, the solids are retained in the bag while the liquid 
can be drained into the existing STP. The drawback of this method is that geo-
bags once used cannot be reused and has to be disposed in an environmentally 
safe manner. The figure below shows geobags, placed on existing drying beds 
of an STP in Malaysia, for solid–liquid separation. 

Figure 17: Use of geobags for solid–liquid separation of septage at 
STP in Melaka, Malaysia

Source: CSE field visit, 2018

c) Mechanical De-watering
•• Belt Filter Press
The belt press involves a combination of gravity filtration and pressure applied 
between fabric belts to achieve solid–liquid separation. A polymer is added as 
a pre-conditioning upstream of the press to aid the de-watering. After passing 
through various zones of gravity filtration, low pressure and high pressure 
zones, the sludge is finally scraped off the belt for the next stage of treatment 
or disposal.
       
• Screw Press
FSS is passed through a screw or an auger contained within a perforated 
basket. The diameter of the screw increases along the length of the press 
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while the gap between blades decreases. Thus, once the FSS enters the 
press, the pressure increases along the length of the press. The screw 
press also requires pre-conditioning by adding a polymer to aid the de-
watering process. The de-watered cake drops out from the end of the press. 

The solid content of the output sludge from mechanical de-watering option 
would be in the range of 15–25% and may or may not require further de-
watering. The de-watered sludge would still contain pathogens. Further, 
treatment may be required based on the end use.

Figure 18: Use of screw press for solid–liquid separation of septage 
at Pentai STP in Malaysia

Source: CSE Site Visit, 2018

ii. FSS with solids content greater than 5%
 a) Sludge drying beds

•• Unplanted Drying Beds
These modules achieve solid–liquid separation through evaporation and 
filtration. The beds typically contain a watertight box that is open from the 
top. The box typically contains a layer of sand (300mm thick) and gravel (200–
450mm thick) and an under drain at the bottom of the bed for the conveyance 
of the liquid for further treatment. 

Wet FSS is added at the top of the bed (upto 200mm thick layer), from  
which part of the free water percolates through the sand and gravel bed to  
the under drainage system for further liquid treatment and part of the water 
gets evaporated. 

The performance of the unplanted drying bed depends on the type of weather 
and is more suited for hot and dry weather. In favourable environment, this 
module can achieve up to 20% solids content within 7 to 10 days of drying and 
may go upto few weeks in unfavourable climates. De-watering time varies from 
4–15 days in hot and dry weather to 15–30 in wet and temperate weather. After 
which the bed needs to be de-sludged.    

• Planted Drying Beds
Planted drying beds are constructed similar to the unplanted drying beds 
but with an addition to Emergent Macrophytes plants which are rooted in 
the bed but emerge above the sludge surface. Water loss occurs through 
a combination of evaporation, evapo-transpiration and percolation. The 
sludge is cyclically loaded with resting periods for drying and cracking.  
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These beds differ from unplanted drying in the desludging period, which is 
much higher i.e. 1 to 3 years as compared to a few weeks in unplanted drying 
beds. The accumulated sludge is allowed to reach a depth of 1m to 1.5m before 
it is de-sludged. This is possible since the plant roots open up drainage path in 
the sludge and facilitates evaporation, evapo-transpiration and percolation. The 
challenge in planted drying beds is that both under loading and over loading 
can lead to the dying of the plants.   

Figure 19: Planted drying beds used for solid–liquid separation at 
FSTP, Leh, India

(Source: MOUNT, CSE)

5.2 Comparison of various technologies for co-treatment

Several solid–liquid separation treatment technologies have been discussed 
in this chapter and based on the CAPEX, OPEX, land requirement, energy 
requirement, skill manpower requirement and reuse opportunity etc., either 
technology can be selected while planning for co-treatment of FSS in an STP. 

A brief comparison of key parameters between various technologies mentioned 
above is shown below:
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Table 12: Decision-making matrix for selecting co-treatment 
technology option 

Parameters for 
comparison

Mechanized options Non-mechanized options Homogenization 
and controlled 

discharge
Settling 

Thickening Tank
Planted / 

Unplanted 
Drying Beds

Geo-Bags

Land 
Requirement

Lowest among 

all solid–liquid 
separation options

Lower than 
drying beds

Highest among 
all options

Significantly 
reduced as 
compared to 
drying beds.

Low since solid–
liquid separation 
not proposed

Energy 
Requirement

Highest among all 
options

Pumping required 
for transporting 
the separated 
solids.

Can work 
entirely on 
gravity.
Pumping may 
be required for 
filtrate.

Can work entirely 
on gravity.
Pumping may 
be required for 
filtrate.

Can work entirely 
on gravity.
Pumping may be 
required for filtrate.

CAPEX High due to 
electromechanical 
equipment and civil 
infra needed

Low High due to 
higher footprint

Low Lowest

OPEX High due to power 
cost, periodic 
maintenance and 
consumables

Low. Although 
pumping is still 
required

Low; periodic 
sludge removal 
needed

High; recurring 
expenditure 
related to 
replacement of 
Geo-bags 

Lowest

Skilled labour 
Requirement

Skilled labour needed Low Low Low Low

Treatment 
efficiency

Highest. The 
separated solids 
has TS in the range 
15-25%, may or may 
not require further 
drying.

Separated solids 
has TS in the 
range (5–10%) 
need further 
drying and liquid 
may contain 
significant solids 
as well.

High although 
significant 
resting period 
needed for 
drying.

Separated solids 
would need further 
drying. 

Depends on the 
efficiency of the 
STP in question. 
Additional modules 
may be required 
in case treatment 
efficiency drops

Risk factor Need to check the 
availability of spare 
parts, consumables, 
monitoring polymer 
dosing and need 
skilled manpower

Active sludge 
management 
required. 

Safe handling of 
sludge needs to 
be ensured

Disposal / Reuse 
of geo-bags is 
an issue. Safe 
handling of 
sludge needs to be 
ensured.

Need to constantly 
monitor of FSS 
parameters and flow 
rate to avoid damage 
of infrastructure

Adapted from S. Singh et al., 2017

It is to be noted that the solid and the liquid component separated from  
the above technology may still require further treatment depending upon the 
end-use. 

The separated solids would be high in pathogen content. Co-composting with 
organic solid waste is an effective technique to not only remove the pathogens 
but also improve the saleability of the end product.

The separated liquid may or may not have characteristics similar to sewage. 
They would, in particular, be high in nutrient contents since a major portion of 
the nutrient in FSS is in dissolved form. The impact on the effluent discharge 
parameters of the STP would require to be monitored. In case the effluent 
parameters do not meet, restrictions would have to be made on the discharge of 
FSS in the STP or additional modules would be required to treat it.  
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In order to implement co-treatment at the STP in Bharwara, the following 
information would be required:
1. Spare capacity at the Bharwara STP to treat FSS
2. Influent characteristics of FSS
3. Existing STP technology and possibility of process disruption and 

overloading due to the addition of FSS
4. An assessment on the impact of FSS on the STP performance. This should 

include impact of FSS on hydraulics, oxygen requirement, compliance 
with respect to discharge standards and adequacy of the existing sludge 
drying beds.

In order to avoid overloading and process disruption of the STP, worst case 
scenario is considered. The analysis is presented below:

6.1 Analysis for suitability of Bharwara STP to treat FSS

a) Calculation of Spare Capacity at Bharwara STP
The design capacity of the STP is 345 MLD. The design COD for sewage varies 
from 500 mg/l to 1000 mg/l. To account for the worst case scenario, lower value 
of design COD is considered for the analysis. 

The calculation of Design Organic Load for the STP is calculated below:

 Parameter Value Units

(i) STP capacity 345 MLD

(ii) Design sewage COD 500 mg/L

(A) = (i) x (ii) Design Organic Loading Rate 172500 Kg (COD)/day

In order to calculate the operational organic load in the STP, the operating 
capacity and influent COD observed in the STP is taken. The STP is presently 
operating under full capacity. The influent COD as per the test reports varies 
from 260 mg/l to 300 mg/l. For the purpose of analysis worst-case scenario of 
300 mg/l has been taken.

The calculation of the Operational Organic Load for the STP is given below:

 Parameter Value Units

(iii) STP (Operating cap) 345 MLD

(iv) Influent COD 300 mg/L

(B) = (iii) x (iv) Operational Organic Loading Rate 103,500 Kg (COD)/day

By subtracting the Operational Organic Load from the Design Organic Load we 
get the spare capacity of the STP to treat additional Organic Load due to the 
addition of the FSS. The spare capacity is shown below:

  Parameter Value Units 

(C) =( A)-(B) Spare Capacity: 69,000 Kg (COD)/day

6.			Recommendation	for	co-treatment	in	Lucknow
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b) Impact of variable FSS load on the spare capacity of Bharwara STP
Characteristics of FSS were found to be highly variable with COD varying from 
6,000 mg/l to 1,20,000 mg/l. A scenario analysis has been done considering low 
strength, medium strength and high strength FSS and how it impacts the spare 
capacity of the STP to treat the organic load. The worst case scenario i.e. high 
strength is then considered for the design for co-treatment options.

Table 13: Impact of FSS variability on Co-treatment capacity of STP 

S No Influent FSS COD (mg/l)
STP capacity to 
treat FSS (MLD)

STP capacity to treat FSS  
(% of STP design capacity)

1 Low strength 6,000 11.50 3.3

2 Medium strength 50,00 1.38 0.4

3 High strength 120,000 0.57 0.2

c)  Deciding on the volume of FSS which can be added to an STP
Based on the analysis from the above section, where the spare capacity to treat 
organic load is compared at varying characteristics of FSS, the STP can treat 
between 0.5 MLD to 11.5 MLD (i.e. 0.2–3.3% of the capacity of the STP) of 
influent FSS. 

In addition to the spare capacity with respect to the organic loading rate, the 
impact of FSS addition on other limiting factors like as pH, nutrient load, F/M 
ratio also needs to be analysed to ensure optimal treatment efficiency of the 
STP. Due to absence of such a study, the worst case scenario is considered and 
it is recommended to restrict the overall FSS discharging to the STP to 0.5 
MLD (or 0.2% of STP capacity) to start with. Depending upon the performance 
of the STP, the volume of FSS influent can be increased gradually.  

This recommended restriction of FSS addition is sufficient to treat the present 
demand of 30 KLD from de-sludging operators operating in the locality. Further, 
the addition of a solid–liquid separation module would mean that effectively only 
15 KLD (approximately) of additional influent would reach the STP whose COD 
would be much lower than that of influent FSS discharged by the de-sludgers. 

d)  Monitoring requirement to avoiding overloading and processing disruption 
of the STP:
While it is feasible to co-treat the FSS in the STP,  it is important to constantly 
monitor the performance of the STP in order to avoid overloading, process 
disruption and damage to the existing infrastructure. Some important points to 
be noted are provided below:
•• The STP is based on anaerobic (UASB) technology that means it would be 

sensitive to variations in pH, nutrient and heavy metals load. Parameters 
such as F/M ratio needs to be regularly monitored. These parameters 
would need to be constantly monitored and in case the quality of effluent 
deteriorates, restrictions would be needed on the discharge of FSS.

•• In future, as the sewerage network is expanding and more households are 
connected, the influent COD load of sewage would be expected to increase 
thereby reducing the spare capacity to treat. It is necessary to constantly 
monitor the influent sewage characteristics and subsequently design and 
plan for additional modules (like anaerobic or anoxic tanks) for the future. 
The additional modules would be required in case the influent sewage load 
increases or the effluent quality is severely impacted due to the addition of FSS.   
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6.2 Proposed treatment options at Bharwara STP

Based on the test results, different options are proposed for a capacity to 
handle 30 KLD of FSS (based on present demand). Based on site availability  
and accessibility, the location for the proposed co-treatment unit has been 
presented below. 

Figure 20: Proposed site for co-treatment at Bharwara STP

a) Option 1: Non mechanized solid–liquid separation (30 KLD)
Suitable for FSS with Total Solids > 01% and partially digested FSS (i.e. COD/
BOD5 ratio greater than 2). In case fresh FSS is received, stabilization would be 
needed before this step to improve the settling of of the solids.  

In case higher solids content and organic load is observed in the FSS, solid–
liquid separation unit is proposed. The separated liquid would be treated in 
the existing STP while the separate solids would be treated separately either 
in the existing drying beds or separate facility. The proposed modules for this 
option include:
i. Screening and grit removal
ii. Settling / thickening tank
iii. Control valve chamber 
iv. Pump house with sump

An indicative plan and section of the proposed modules is shown below:

Sludge pump house

Proposed co-treatment site

STP entrance-2

STP boundary wall

UPJN office/laboratory

STP main entrance

UASB reactors

Future expansion  
site Final polishing  

pond-2

Final polishing 
pond-1

Chlorine contact 
chamber

Future expansion 
site

Sludge drying beds

Inlet
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Figure 21: Plan and section for co-treatment–option 1

Approximate area required for this option is 100–110 sqm.

Table 14: Approximate break up of Capex for co-treatment–option 1
S No Description Amount* (INR Lakhs)

1 Tanker receiving station (with ramp), screening, receiving 
chamber

1.5

2 Settling thickening tank 15

3 Pump-house with sump 2

4 Shed (open shed with concrete floor 4 m x 14m) 2

5 Electrification
Contingency (~ 5%) 

1.5
1

Total 23

(based on CPWD rates 2018)

The option would need active sludge management and dedicated drying beds 
to further treat (de-water) the separated solids (not included in the cost). If there 
is no existing sludge storage room or sludge is not directly used in the drying 
beds, a sludge storage room will be required that will cost around 7–8 Lakh. 

Approximate O&M cost for option 1 would be Rs 14,700 per month. This would 
include manpower, power cost for pumping, consumables and periodic repair 
and maintenance. Break-up shown below:
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Table 15: Approximate break up for O&M cost for option 1

S No Description
Amount*  

(INR per month)

1 Operator (1 workday of semi skilled staff @ Rs 300/day) 9,000

2
Power requirement for pumping 2 no. pumps (@ 8 hrs pumping 1 
HP pump; Rs 5 per unit)

2,000

3 Periodic Repair & Maintenance (LS) 3,000

 Contingencies (~5%) 700

 Total 14,700

Guidance for operation and monitoring:
It is important that certain operating procedures that needs to be followed to 
ensure crude co-treatment does not affect the treatment performance at STP and 
sewerage infrastructure from pumping station to the STP, which are as follows:
•• Release control: Based on the wastewater discharge flow from pumping 

house to the STP, the discharge of FSS to the influent sewage should be in 
the ratio 1% or less. 

•• Flow control meter at the pumping station should be installed to regularly 
monitor the flow.

•• Influent and effluent parameters to be monitored regularly. Excessive deviation 
from the designed capacity might affect the treatment performance. If a definite 
pattern is observed, additional treatment modules would be required.

•• The impact of FSS on the STP performance should be monitored. This should 
include impact of FSS on hydraulics, oxygen requirement, compliance with 
respect to discharge standards and adequacy of the existing sludge drying beds.

•• Post project monitoring should include measurement of characteristics of 
FSS before it enters the homogenization tank, inlet of the STP and at outlet 
of the STP. It is also desirable to periodically check the treatment efficiency 
of the STP by taking samples from inlet and outlet of each modules. 

b) Option 2: Mechanized solid–liquid separation (30 KLD)
Suitable for FSS with total solids > 1%, availability of spare parts, skilled 
labour, consumables like polymers etc.

In case higher solids content and organic load is observed in the FSS, solid–
liquid separation unit is proposed. The separated liquid would be treated in 
the existing STP while the separate solids would be treated separately either 
in the existing drying beds or separate facility. The separated solids from this 
option is in the range of 15–25%, which reduces the need to drying beds. 
However, the option would need the availability of spare parts, skilled labour 
and active monitoring of polymer dosing to ensure efficient operations. Further, 
the mechanical press manufacturer would be required to be involved from the 
planning and design stage itself to ensure the machine is designed to provide 
the required performance based on the expected FSS characteristics.

The proposed modules for this option include:
i. Screening and grit removal:
ii. Homogenization / holding tank:
iii. Valve chamber
iv. Polymer dosing unit
v. Screw press
vi. Pump house with sump
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An indicative plan and section of the proposed modules is shown below:

Figure 22: Plan and section for co-treatment–option 2

Approximate area required for this option is 100–120 sqm. However, there 
would be considerable land saving with respect to sludge drying beds as the 
separated solids would have a solids contents of 20% and would need very less 
drying time as compared to the non-mechanized option.

Table 16: Break up of approximate Capex for co-treatment—Option 2 
S No Description Amount (INR Lakhs)

1 Tanker receiving station (with ramp), screening, receiving 
chamber

1.5

2 Homogenization tank for FSS receiving and polymer dozing 
including civil works for conveyance  

8

3 Screw press (approximate inclusive of ancillary 
infrastructure for polymer dozing)1 15

4 Pump-house with sump 2

5 Shed (open shed with concrete floor 7m x 14m) 2.5

6 Electrification 3

Contingency (~ 5%) 1.5

Total 33.5

(based on CPWD rates 2018)

If there is no existing sludge storage room or sludge is not directly used in the 
drying beds, a sludge storage room will be required that will cost around 7–8 
lakhs. 
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Approximate O&M cost for option 2 would be Rs 32,500 per month. This would 
include manpower, power cost for pumping, consumables and periodic repair 
and maintenance. Break-up shown below:

Table 17: Approximate break-up for O&M Cost for co-treatment– 
Option 2

S No Description Amount (INR per month)

1 Operator (1 workday of skilled staff @ Rs 600/day) 18,000

2
Power requirement for pumping 3 no. pumps (@ 8 hrs 
pumping 1 HP pump; Rs 5 per unit)

3,000

3 Power requirement for screw press (2 HP; 8 hr operation) 2,000

4 Consumables 5,000

5 Periodic Repair & Maintenance (LS) 3,000

 Contingencies (~5%) 1,500

 Total 32,500

Guidance for operation and monitoring:
It is important that certain operating procedures that need to be followed to ensure 
crude co-treatment do not affect the treatment performance at an STP and sewerage 
infrastructure from pumping station to the STP,  which are as follows:
•• Release control: The discharge of FSS to the influent sewage should be 

restricted initially to 0.2%. The ratio can be increased depending upon STP 
performance while monitoring the FSS and influent sewage chracteristics.

•• Flow control meter at the pumping station should be installed to regularly 
monitor the flow.

•• Influent and effluent parameters to be monitoring regularly. Excessive 
deviation from the designed capacity might affect the treatment performance. 
If a definite pattern is observed, additional treatment modules would be 
required.

•• The impact of FSS on the STP performance should be monitored. This should 
include impact of FSS on hydraulics, oxygen requirement, compliance 
with respect to discharge standards and adequacy of the existing sludge 
drying beds.

•• Post-project monitoring should include measurement of parameters of the 
faecal sludge before it enters the homogenization tank, inlet of the STP and 
at outlet of the STP. It is also desirable to periodically check the treatment 
efficiency of the STP by taking samples from inlet and outlet of each modules.

c)  Option 3: Homogenization and controlled discharge at STP (30 KLD)
This option is suitable where the total solids of influent FSS is less than 1% and 
STP has the capacity to treat additional organic and nutrient load. 

A homogenization tank of 30 KL capacity with a valve or pump is proposed for 
a controlled discharge to the STP. In this method no solid–liquid separation 
is undertaken, the FSS is mixed with the influent with a pre-defined ratio. 
As evaluated in the earlier chapter, the ratio of FSS addition can initially be 
restricted to 0.2% and increased gradually while monitoring the treatment 
efficiency of the plant. This method loses out on the benefit of bio-solids rich 
in nutrient generated by solids separated from FSS. The module for this option 
includes (Figure 23)
i. Screening
ii. Homogenization cum mixing tank
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iii. Valve chamber
iv. Pump for conveyance to the existing STP

Figure 23: Plan and section for co-treatment–Option 3

Approximate area required for this option is approximately 60–70 sqm.

Indicative cost for Option 3 is Rs 18.50 lakhs. The break-up of the same is 
provided below:

Table 18: Approximate break-up of Capex for co-treatment option 3
S No Description Amount (Rs Lakhs)

1
Tanker receiving station (with ramp), screening, receiving 
chamber

1.50

2 Homogenization cum mixing tank (civil) 8.00

3 Mechanical works for mixing in the homogenization tank 5.00

4
Valve with chamber and pump for lifting to existing STP inlet 
(6m above existing Level)

2.00

5 Electrification 1.50

Contingency (~5%) 0.50

Total 18.50

(based on CPWD rates 2018)

Approximate O&M cost for the option would be Rs 10,000 per month. This 
would include manpower for monitoring and power cost for pumping and 
periodic repair and maintenance. Break-up is shown below:
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Table 19: Approximate break-up of O&M cost for Option 3

S No Description Amount (INR per month)

1 Operator (1/2 workday of unskilled staff @ Rs 300/day) 4,500

2
Power requirement for pumping (@ 8 hrs pumping 1 HP 
pump; Rs 5 per unit)

1,000

3 Power requirement for mixer (3 HP) 3,000

4 Periodic Repair & Maintenance (LS) 1,000

 Contingencies (~5%) 425

 Total
9925

or
10,000 (approx.)

Guidance for operation and monitoring:
It is important that certain operating procedures that needs to be followed to 
ensure crude co-treatment does not affect the treatment performance at STP and 
sewerage infrastructure from pumping station to the STP, which are as follows:
•• Release control: Based on the wastewater discharge flow from pumping 

house to the STP, the discharge of FSS to the influent sewage should 
initially be restricted to 0.2% or less and gradually increased depending 
upon the treatment efficiency of the plant. 

•• Flow control meter at the pumping station should be installed to regularly 
monitor the flow.

•• Influent and effluent parameters to be monitored regularly. Excessive 
deviation from the designed capacity might affect the treatment performance. 
If a definite pattern is observed, additional treatment modules would be 
required.

•• The impact of FSS on the STP performance should be monitored. This should 
include impact of FSS on hydraulics, oxygen requirement, compliance 
with respect to discharge standards and adequacy of the existing sludge 
drying beds.

•• Post project monitoring should include measurement of parameters of the 
FSS before it enters the homogenization tank, inlet of the STP and outlet of 
the STP.

d) Option 4: Discharge at Sewage Pumping Stations (SPS)
This option is suitable where the total solids of influent FSS is less than 1% and 
STP has the capacity to treat additional organic and nutrient load from FSS. 

Depending upon the availability of land, capacity of the pumps installed, the 
minimum flow at the Sewage Pumping Stations (SPS) and strength on the 
influent FSS, the FSS may be discharged at the SPS (preferably Main Pumping 
Station).

An arrangement similar to Option-3 (i.e. controlled flow from the 
homogenization tank) can be proposed at the SPS site itself. The effluent from 
the homogenization tank can be discharged in the existing sump of a SPS. The 
main pumping station located at Gwari is one such potential site. The pumping 
station receives the waste water from nullahs as well as sewerage network and 
pumps it to the Bharwara STP. 
 
Guidance for operation and  monitoring:
The following operating procedures are needed to ensure co-treatment does not 
affect the treatment performance at STP and sewerage infrastructure:
•• Flow control meter at the pumping station should be installed to regularly 
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monitor the flow towards the 
STP from the pumping station.

•• The pump at the pumping 
station should be at the lowest 
level of reservoir to ensure all 
the settled solids are pumped 
and not accumulated at the 
bottom of the reservoir at the 
pumping station. This will 
reduce the storage capacity of 
the reservoir if the solids are 
settled at the bottom. 

•• In order to avoid settling and 
accumulation of solids at the 
bottom the sump, FSS should 
only be released if there is a 
minimum level of water in the 
sump. This level can be the top 
most point of the inlet of the 
pump.

•• Sludge should not be released 
in case the water level in the 
reservoir is above the maximum 
level as shown below to avoid over spilling.

•• In case FSS is being discharged at multiple SPS locations, monitoring and 
recordkeeping of the FSS discharge operation should be done. Preferably, 
CCTVs should be there for effective management and control.

•• Post-project monitoring should include measurement of characteristics 
of the FSS before it enters the homogenization tank and after it has been 
diluted with sewage at inlet of SPS.

e)  Option 5: Discharge at the sludge drying beds of existing STP
Suitable for FSS with TS greater than 5% and volume low enough such that the 
sludge management of the existing STP is not affected.

Preliminary screening is recommended before discharging at the drying beds. 
FSS should be left on the bed for up to 7 to 10 days depending upon the weather. 
FSS is dried through percolation and evaporation. After which it needs to be 
removed for further treatment, reuse or disposal at a landfill as appropriate. A 
roof with transparent sheet covering can also be proposed at such location to 
make the facility operational in all seasons.

The adequacy of the existing drying beds to treat the STP sludge as well as 
the FSS needs to be determined. Geo-bags can be used in order to minimize 
the requirement of existing drying beds for Co-Treatment. In case the number 
of existing drying beds are not adequate for Co-Treatment of FSS, additional 
drying beds can be constructed subject to land availability.

(Footnotes)

1  Attached in the Annexure 2, the cost of the screw press (2 quotations) and belt filter press and design layout by 

one of the vendors for reference.  One of the vendor has quoted an exceedingly high cost (~30 lakhs) as compared to 

other vendors and hence not considered for the estimate. On comparison among three we can see that the cost of only 

de-watering unit will be in the range of Rs 8–12 lakh for a flow rate of 4–5 m3/hr with Influent TSS around~15000 mg/l. 

There would be additional cost associated with ancillary equipment and modules (polymer dozing, conveyance mechanism 

for separated liquid and solids) needed for the use of screw press which is in the range of Rs 5–7 lakhs.

Figure 24: Sump of the main pumping station at Gwari, 
Lucknow

Source: CSE field Visit December 2018
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7.1 Suggestions in tendering

The tendering process of co-treatment needs to ensure that there are incentives 
for the bidders to implement a cost-effective and robust technology for treatment 
of FSS. The following points need to be ensured in the tendering procedure for 
co-treatment in case a design agnostic approach is followed:

1. Basic details of all the STPs, where co-treatment is proposed, need to be 
provided. This should include the treatment process, design capacity, STP 
layout plan, test reports to ascertain in influent and effluent parameters of 
the STP and land availability for co-treatment modules.

2. The range of characteristics of the influent FSS expected needs to be 
mentioned in the tender. The tender also needs to stress that the proposed 
module should take into account the high variability of the characteristics 
of FSS.

3. The proposed outlet characteristics of the effluent from the co-treatment 
module (or influent to the STP) needs to be mentioned in the tender. 
Since the purpose of the co-treatment module is primarily for solid–liquid 
separation, the outlet parameters should be defined in terms of solid 
contents or percentage change of the total solids. This can be:
a. The separated solids (after the drying) should have solids content of at 

least 20%.
b. For the separate liquid, there should be a minimum solids reduction  

of 60%. 

4. Instead of a percentage rate, it would be better to take separate quotes 
for capital cost and O&M cost and use the summation of capital cost and 
O&M cost for 5 years after adjusting for inflation for comparison to arrive 
at the least cost. This would encourage bidders to quote a cost-effective 
technology.  

Alternative Approach:
a. Individual tender based on a predefined technology can be floated initially 

for one STP in a pilot approach. The learnings from this intervention can 
be applied for scaling-up the interventions across STPs in the state.

b. The technology can be defined based on Chapter-6 discussion. A solid-
liquid separation module i.e. option 6.1 and 6.2 is desirable for FSS with 
high solids content.

c. Details on the STP as mentioned above must be provided to the bidder.

d. In this scenario, the existing tendering option of percentage rate contract 
would be ideal since UP Jal Nigam can easily estimate the capital and O&M 
cost since the technology is defined.

7.	Way	forward	for	implementation
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7.2 Re-use of by-products from FSS treatment

Reuse and revenue generation potential of the sludge generated from the co-
treatment should also be taken into consideration. The manure generated 
from FSS is very high in nutrient content and has good potential for use in 
agriculture. The projects should also explore the possibility of co-composting 
of sludge generated from FSS treatment with organic municipal solid waste, 
which further helps to improve the nutritional value of compost and reduce 
the pathogen content. In order to ensure there is a good market for manure 
generated from co-treatment, there is a need to sensitize the end users about 
the benefits of organic compost and incentives are needed from the authority 
to promote its use. There are examples from Bangladesh (for example, 
Sakhipur Plant) where the treated sludge from FSTP is co-composted with 
organic municipal solid waste. The manure here has gathered popularity 
among local farmers.
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Annexure	1:	Details	of	Bharwara	STP	and	co-treatment	 initiative	 in	
Lucknow

1.1 Details of Bharwara STP 
Name/ Location of STP 345 MLD STP Bharwara, Lucknow 

Year of commissioning 2011

Process of Sewage Treatment UASB based technology. 

Designed Capacity/day 345 MLD

Treatment units No.

Inlet chamber to STP 01   : 20mx9mx4m SWD

No. of stream exit 03   : 115 MLD capacity each

Distribution chamber 03

Screen (mechanical) 02   : For each stream (6mx1.8mx1m) 

Grit chamber (mechanical) 06 , 02 working for each stream

03 , 01 for each stream (10mx1.5mx1.5m)

Parshall Flume 03 , (8mx2.5mx2.25m )

Division Box 30 Nos (32mx28mx4.6m) 

Nos of UASB reactors 115 Total 

Feed pipes (75 mm dia) HDPE 6,720,224 pipes/rector (904sqm.per pipe)

HRT at average flow 8.6 hrs

HRT at peak flow 5.6 hrs

Solid retention  time (SRT) 35 days

Pre aeration tank 03

Surface aerators in pre aeration tank 06 ,02 of 30 HP in each stream (fixed type)

Polishing pond compartment 03 ,01 for each stream 140m x 140m x 3m SDW

Floating aerator for compartment no.1 18 , 06 surface aerator of 50 HP for each stream

Polishing pond compartment no 2 03 : 550mx140mx1.5m SDW

Chlorine contact tank 03 : 60mx20mx2m SDW

Chlorination 03 : 50 kg/hr ,Booster pump 20 m3/hr@6kg/cm2

Sludge concentration 65 kg/m3

Total sludge generation (wet) 1812 m3/day

Total sludge generation (dry) 100 tons/day

Sludge sump 03 : 01 for each stream 9.85mx6.80mx1.0m 

Sludge pump 18   68 m3/hr at 35m

Sludge drying beds 106 :27mx27m

Sludge cycle 10 days

Filtrate water sump 02 :10mx7.5mx1.0m 

Filtrate water pump 04 : 40m3/hr, 18m head

Total power  requirement of STP 1500 KVA

Effluent pipe 1500m ,2400 mm dia RCC pipe

Dual fuel engine for bio gas utilization 02,850 KVA each

Gas flaring system 02 , Aspiration type pre mixing burner 6 above GL
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UASB reactor details

No. of reactors per component

Flow capacity

Volume

Length

Width

Water depth

Distribution box

HRT ( hrs)  peak and average flow

Depth of sludge blanket

Upward velocity

No. of Inlet Pipes

Component     
        A

Component 
        B

Component 
        C

10 (5x5) 10 (5x5) 10(5x5)

11.5x10(115) 11.5x10(115) 11.5x10(115)

300 300 300

32 32 32

28 28 28

4.6 4.6 4.6

2 2 2

5.6 & 8.5 5.6 & 8.5 5.6 & 8.5

2 2 2

0.75 0.75 0.75

224 224 224

Point of treated sewage disposal (river/ lake/ irrigation/ land and 
disposal / pisciculture/ aquaculture/any other)

River Gomti

Details of bypass arrangement  at STPs, if any Yes, 72.00 MLD is being discharge directly in river Gomti.
(Projected Figure)

Method of sludge disposal Land Application 

Agency for operation and maintenance of STP Ganga Pollution Control Unit, U.P. Jal Nigam, Lucknow

Power requirement for plant  STP compound 1500 KVA

Status of power availability for uninterrupted and continuous 
running of STP and standby Arrangement for power. If any.

DG sets provided.  

Status of Skilled/Trained Manpower Skilled/trained manpower has been deployed for 
the better operation & maintenance of 345 MLD STP, 
Bharwara.

Availability of spare parts As per requirement. 

Difficulties in transfer of assets from implementing agency to 
O&M agency, if any.

None, whereas as implementing to O&M agency, if any.

Institutional mechanism for O&M Staff of UP Jal Nigam.

Training provided to O&M Yes, Training programmers organize time to time to for 
O& M staff.

Manpower available/as per norms-(Mechanical, Electrical, Public 
Health, Chemical, Unskilled

Manpower available as per norms. 

Annual expenditure on O&M & STP (Salary, power, chemical 
etc.) for the last three years

105.0 Lacs 

Amount of water cess a paid, if any Not Applicable.

Volume of industrial waste being discharged in to STPs, if any NA

Feasibility of private participation Contractor carries out plant O&M.
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1.2 Notification is issued by Lucknow Nagar Nigam

Figure 26: Notice for decanting at designated sites

Figure 27: Registration form and laid terms & conditions
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1.3 Water Quality Test Results at Bharwara STP
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Annexure 2: Quotations for mechanized solid–liquid separation

Vendor 1: Screw Press
2.1 Design layout of Screw Press
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2.2 Cost of Screw Press  
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  Vendor 2: Screw Press    
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Vendor 3: Belt Filter Press 
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Co-treatment	is	a	process	where	a	Sewage	Treatment	Plant,	in	addition	
to	treating	the	domestic	sewage	transported	through	a	sewerage	city,	
also	treats	Faecal	Sludge	and	Septage	(FSS)	emptied	from	various	
Onsite	Sanitation	Systems	prevalent	in	the	city.	Co-Treatment	of	FSS	in	
an	STP	is	a	good	option	for	treatment	of	FSS	in	cities	that	are	partially	
covered	with	sewerage	network.	However,	in	many	cities	in	India,	FSS	
is	directly	added	without	any	pre-treatment,	either	at	the	inlet	of	the	
STP	or	at	the	nearest	pumping	station	or	manhole	of	the	sewerage	
network.	There	are	learnings	from	various	countries	on	the	detrimental	
impact	of	co-treatment	of	FSS	in	an	STP	without	any	pre-treatment.	
The	considerably	higher	solids,	organic	and	nutrient	load	of	FSS	as	
compared	to	sewage,	can	lead	to	severe	operational	problems	such	as	
solids	deposition,	clogging	and	corrosion	of	sewerage	infrastructure,	
including	STP.	It	is	necessary	to	study	the	impact	of	co-treatment	of	
FSS	in	the	treatment	efficiency	of	the	STP	as	well	as	incorporating		
pre-treatment	measures	like	Solid-Liquid	separation	to	reduce	the	
adverse	 impact	of	FSS	 in	the	STP	treatment	efficiency.	The	report	
provides	a	study	of	Bharwara	STP	in	Lucknow	and	presents	various	
options	for	co-treatment	of	FSS	in	the	STP,	which	include	mechanized	
and	non-mechanized	options.


