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1. Trickling filters (TF): some basic ideas

• Trickling filters, also known as percolating
filters, are the most traditional method of
biofilm process.

• It is an aerobic process, where the
wastewater, after receiving prior treatment
(pre-treatment and primary treatment),
percolates by gravity through a filling
material, which constitutes the medium on
which microorganisms develop and grow,
forming a biofilm of variable thickness. The
filling material is fixed, inside the reactor,
and provides a high specific surface area.

• Global Water Research Coalition [GWRC]
(2011) note that biological filters (TFs) are
regarded as the lowest energy usage of any
secondary processes in hierarchy of
wastewater treatment processes (potential
energy efficiency).



1. Trickling filters (TF): some basic ideas

Source: NILSA (Navarra, Spain)



1. Trickling filters (TF): some basic ideas

• Original TF used rocks as the support media; currently, engineered plastic packing
with high surface area/volume ratios with high void volumes, to avoid blockages and
to achieve high loading rates.

• Air flows upwards, through the voids in the packing, created by the chimney effect of
the filter vessel. Circulation of air can be enhanced by forced ventilation (WEF, 2007).



1. Trickling filters (TF): some basic ideas

Trickling Filter Operating Modes (EPA 2000, Wang et al 2006, WEF 2007)
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2. TF versus Activated sludge systems  

Comparison of activated sludge and trickling filter processes (Bliss 1983, Ch. 4-5; Metcalf & Eddy 
1991; Amenu 2014; Moodie 1979; EPA 2008) 
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1. Initial data

Pilot 1: Raisen

• Lead implementer: CENTA (EU) CEMDS
(India). OP: BOKU, IIT-Roorke

• Lead supporting stakeholder: Wateraid /
UN Habit

• Natural treatments (green technologies)

• Target population: 6000 inhab (2700 pe)

The estimated surface required for
the implementation of this option
reached 2,800 m2 of planted
surface which implies the
construction of 5 units of VFCW of
567 m2 each one.

Initially foreseen



1. Initial data

Pilot 1: Raisen (new situation-end 2014)
• Population growth (sewerage plan):

Area No of 
Houses in 
2014

No of 
Houses in 
2044

No of person in 
House based on 
Survey

Total No of person 
in Year 2014

Total No of 
person in 
Year 2044

Zone 1 842 1694 7 5894 11858
Zone 2 323 645 7 2261 4515

Total 1165 2339 7 8155 16373

Wastewater generation
• Water supply rate= 135 LPCD 
• Infiltration flow = 2000 lit/km/day  
• Wastewater generation % of Water 

supply restricted 111 LPCD including 
filtration flow.



1. Initial data

Pilot 1A: Burhanpur
• Population growth (new data on January 2015):

Wastewater generation
• Water supply rate= 135 LPCD 
• Wastewater generation 80 % of 

Water supply.

2015 2025 2035 2045
INDRA 
COLONY

8264 11212 12346 14160

LALBAGH 29923 40596 44700 51268
SINDI BASTHI 10632 14430 - 18227
Total 48819 66238 - 83655



2. Selection of the most appropiate WWT system

• Three key factors:
1. Size of the population to be served: horizon population in 2045

o Raisen: 16373 inhab
o Burhanpur: 83655 inhab

According to EU experiences, conventional technologies are recommended

2. Available Surface  for the implementation of the WWTP

o Raisen: 2026 m2 (+ 1675 
m2 Temple enclosure)

o Burhanpur: 11000 m2

conventional technologies are recommended



2. Selection of the most appropiate WWT system

o Burhanpur: 11000 m2

o Raisen: 2026 m2 (+ 
1675 m2 Temple 
enclosure)



2. Selection of the most appropiate WWT system

• Three key factors:
3. O&M complexity and costs: low O&M cost technologies are endorsed. 
o Extensive technologies (such as wetlands, ponds, filtering systems) 

present lower running costs than conventional ones. 
o Focusing on conventional technologies, trickling filters are considered 

cheaper options in terms of O&M than the aerated activated sludge.



2. Selection of the most appropiate WWT system

All in all, it is concluded that a
conventional technology should be
implemented according to the size
population and surface availability
and, among the different existing
technologies, the Trickling Filter
seems the best option due to its
lower O&M costs. However, in the
selection of complementary units
such as the primary treatment or the
sludge dewatering unit, low cost and
easy- operational processes have
been considered.



3. Proposed flow-sheet: seeking simplicity



4. Design and dimensions: Raisen

• Designing data Date (Year) 2044
Population (inhab) 17353
Hydraulic load (l/inhab·d) 111
Organic load (gBOD/inhab·d) 27
Population equivalent(p.e.) 7809
Wastewater flow (m3/d) 1926.2
Average flow (m3/h) 80.3
Peak flow (m3/h) 120.4
BOD inlet (mg/l) 243

Construction in two phases: 1st phase will cover a population equivalent up to 4000 p.e.
(around 9000 inhab.)- 1 MLD, meanwhile the 2nd phase will double the capacity up to
8000 p.e (around 18000 inhab.)-2MLD.
1st phase will consist in the construction of the following units:
• Pretreatment (half capacity, 4000 p.e.)
• 1 Imhoff tank (half capacity, 4000 p.e.)
• 1 Trickling filter (half capacity, 4000 p.e.)
• 3 drying beds

• DPR sanctioned by the authority in August 2015. Tendering in process



4. Design and dimensions: Raisen

Full plan (2045)

To be built in the 1st phase



4. Design and dimensions: Burhanpur

• Designing data

Construction in two phases: phase one will cover a population equivalent up to
19000 p.e. (around 42000 inhab.), meanwhile the second phase will double the
capacity up to 38000 p.e (around 84000 inhab.)- 9 MLD. First phase will consist
in the construction of the following units:
• Pretreatment (half capacity, 19000 p.e.)
• 1 Imhoff tank (half capacity, 19000 p.e.)
• 1 Trickling filter (half capacity, 19000 p.e.)
• 2 drying beds

In the second phase, the remaining units will be constructed reaching full
capacity.

• DPR submitted on March 2015 to the State Government and sanctioned by the
authority in August 2015. Tendering in process.



4. Design and dimensions: Burhanpur

Full plan (2045)

To be built in the 1st phase



5. New challenges

 Both Raisen &Burhanpur STP were designed according to The Environmental Protection
Rules, launched in 1986 and still in force (at least when DPRs were sanctioned).

Parameters Unit Inland surface water
pH 5.5-9.0
Total suspended solids, max mg/l 100
BOD,max mg/l 30
COD,max mg/l 250
Ammonical nitrogen (as N), max mg/l 50

 Current designs aims at COD removal and partial nitrification.



5. New challenges

 Current status: looking improvements in flow-sheet to meet the new requirements in 5
years time but trying not to extremely increase CAPEX and OPEX.

Sl. No. Parameters Standards for New STPs (Design after notification 

date)*

1. pH 6.5-9.0

2. BOD 10

3. COD 50

4. TSS 20

5. NH4-N 5

6. N-total 10

7. Fecal Coliform (MPN/100ml) <100

Note:

(i) All values in mg/l except for pH and Coliform.

(ii)These standards will be applicable for discharge in water resources as well as for land disposal.

The standards for Fecal Coliform may not be applied for use of treated sewage in industrial

purposes.

*Achievements of Standards for existing STPs within 05 years from date of notification.



Sample details

Parameters
Pandol nala
Buranpur

Sindhi Basti
upstream

Sindhi Basti
outlet sewer

Indira 
Colony
Outlet

Raisen main
drain (1)

Raisen lake
Inlet

Raisen main
drain (2)

Average
composition
_Burhanpur

Average
composition
_Raisen

pH 8,72 8,52 8,57 8,56 8,2 7,98 7,88 8,6 8,0
Turbidity 
(NTU) 35,8 98,4 49 55 25,7 5,46 8,31 52,0 17,0
BOD (Total) 
(mg/L) 100 158 96 112 70 27 41 104,0 55,5

COD 
(Total)(mg/L) 190 324 173 169 125 50 73 171,0 99,0
TSS (mg/L) 182 378 224 140 156 28 38 182,0 97,0
VSS (mg/L) 130 268 161 104 107 20 30 132,5 68,5
TDS (mg/L) 1183 1692 1440 1156 938 838 758 1298,0 848,0
Sulphate 
(mg/L) 60 182 177 84 72 64 57 130,5 64,5
Sulphide 
(mg/L) 0,8 2 0 2 0 0 0 1,0 0,0
TKN(mg/L) 36,9 26,5 45,5 42,6 54,8 26,06 11,07 44,1 32,9

NH4-N(mg/L) 33,3 20,4 42,2 39,4 52,4 23,7 9,7 40,8 31,1

NO3-N(mg/L) 3,4 6,9 5,3 3 4,4 6,2 8,1 4,2 6,3
NT* 40,3 33,4 50,8 45,6 59,2 32,26 19,17 48,2 39,2
Ortho PO4-P 
(mg/L) 4 1,1 2,4 3,2 2,2 1,8 1,2 2,8 1,7
Total, PO4-P 
(mg/L) 6 1,8 3,6 4,8 3,2 2,7 1,9 4,2 2,6

* TN has been estimated from the TKN and NO3

5. New challenges



Removal efficiency (%) Expected effluent’s quality

Parameter Imhoff tank Trickling filter WWTP Burhanpur WWTP  Raisen

TSS (mg/l) 50 – 60 85 – 95 9 5

BOD5 (mg/l) 20 – 30 85 – 95 5 3

COD (mg/l) 20 – 30 80 – 90 17 10

N-NH4
+ (mg/l) - 60 – 80 8 6.2

TN (mg/l) - 20 – 35 30 25.5

TP (mg/l) - 10 – 35 2.5 1.7

• Sulphates and sulphides concentration in the raw wastewater and final effluent, respectively,
would not represent any problem for the proper operation of the WWTP or the latter
discharge/reuse of the treated water.

• Removal of E. coli (faecal coliforms) would reach 1-2 u Log.

5. New challenges



• Depending on the final fate of the treated water (discharge or reuse) further treatment would be
required.

• Proposed complementary treatment: Sand filtration and chlorination (NaOCl).

• Increase of both capital (around 10%) and running costs to be assessed.

5. New challenges



5. New challenges

• Trickling filters are an aerobic process, and are highly effective at organic removal
and ammonia nitrification, but by themselves they are unable to deliver low Total
Nitrogen or Phosphorous outcomes (influent TN loads by 10–30 percent and TP
loads by 8–12 percent, Metcalf and Eddy 1991).

• However, when trickling filters are complemented by separate anoxic processes, such
as anoxic bioreactors or surface flow wetlands, they are able to achieve very low
nitrogen results. In many smaller (decentralized) attached growth systems, relatively
high levels of nitrogen removal can be typically achieved by recirculating nitrified
effluent back to an anoxic reactor (e.g., septic tank).

• P removal through chemical precipitation.
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