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Abstract— Railways are the major means of transportation. One of the commitments of the railways is to provide safe and 
dependable train services to passengers and ensure adequate passenger amenities in trains and at railway stations, which 
includes provision of clean and hygienic surroundings both at trains and in stations. Stagnation of waste on tracks is 
common, near stations and railway tracks. Apart from the poor hygiene, this causes discomfort to the passenger’s onboard 
trains, when they stop near the stations. It is a matter still requiring attention and education in developing countries. The 
issue of dealing with fecal matter is a significant problem and needs multi-dimensional efforts. 
The problem of environmental degradation and corrosion of tracks due to night soil has caught the attention of railways for a 
long time. The traditional method of disposing human waste from trains is merely to deposit the waste onto the tracks is 
known as a ‘Hopper Toilet.’ The principal drawback is the method is crude or unhygienic. The current study focuses on 
waste management in trains using Anaerobic Bio digester. Four variants were designed and developed to address the 
problem faced. It was observed that no fecal matter noticed in discharge from the toilets so far in any of the coaches, no foul 
smell noticed in general in these toilets. The tests parameters for TDS, TS, pH, volatile solids and COD were generally to 
defined levels and neat & clean under-gears encouraged maintenance staff to work more efficiently. 
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I. INTRODUCTION 

 
There are three main types of toilet systems which are 
generally in use for the existing railways around the 
world:  
 Modular Toilets: These toilets are more 

comfortable and modern. These toilets have been 
developed as fiber reinforced plastic modules 
which can be fitted directly inside coaches in 
place of conventional toilets. Modular toilet is a 
controlled discharge toilet system, which stores 
toilet discharge in a sealed tank in stationary 
condition and avoids dirtying stations. The tank 
is emptied slowly when the speed of the train 
exceeds predetermined limit of 40kmph. The 
discharge begins in open area outside cities and 
degenerated fast without creating any 
environmental concern.  

 Vacuum Toilet System: Vacuum toilet system is 
required for standard mainline rolling stock to 
flush out the toiler waste with minimum water 
consumption to a collection/retention tank 
mounted below the under frame. Based on the 
principle of direct transport from the toilet bowl 
to the tank aided by vacuum condition in the tank 
and pipeline, Water used per flush is 250ml only 
which is much less than other systems. 
Centralized tank that retains the effluent until 
emptied- this system was fitted on effluent tank 
which needs to be emptied. The waste is 
evacuated using pumps, thus there is no manual 
intervention. The only demerit being that the 
initial investment for toilet system as well as for 
creation of ground handling facilities 

 

 
Fig. 1 - Vacuum Toilet System



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Volume- 4, Issue-2, Apr.-2016 

Waste Management Analysis in Trains Using Anaerobic Bio Digester 
 

55 

 Controlled Discharge Toilet System: This system 
is mainly designed to avoid discharge of human 
waste at station/ yards. Basic principle of CDTS 
is to store human waste in a retention tank which 
are electro-pneumatically controlled and opens 
only when attains the number of flush counts as 
defined in PLC or when the train touches a speed 
of 30kmph. 

 Zero Discharge Toilet System: This toilet system 
works on the principle of solid liquid separation 
with solid portion store-evacuate transfer and 
dump into pits for composting and liquid portion 
filtered, treated, recycled for flushing purpose. 
This system is completely environmental friendly 
backed with its robust design. 

 

 
Fig. 2 – Zero Discharge Toilet System 

 
II. METHODOLOGY 
 
Anaerobic bio digester method was experimented by 
using a Bio-Toilet having digester filled by anaerobic 
bacteria. In this technology anaerobic bacteria is used 
for de-composition. This bacteria once charged does 
not require replenishment for long time and the 
system is maintenance free.  
 

 
Fig. 3 – Anaerobic Digester Toilet System 

I. Steps in Anaerobic Digestion: This process of 
Anaerobic digestion begins from large polymers of 
carbohydrates, fats and proteins getting converted 
into simple monomers by hydrolysis. This is followed 
by simple monomers getting converted to volatile 
fatty acids by a method known as acidogenesis. This 
process leads to production of sugars, fatty acids and 
amino acid, which are then converted to acetic acid, 
carbon dioxide and hydrogen gas by acetogenesis. 
These are finally broken down into methane and 
carbon dioxide, the method named as 
methanogenesis. 
 
II. Working principle: In these bio-toilets, human 
waste is treated by bacteria which are benign to the 
humans. This converts human waste into water and 
gas. The gases escape to atmosphere and treated 
waste water is discharged after chlorination. There 
are seven chambers in the tank. First chamber has 
grill partition so that non-bio-degradable objects do 
not pass to further chambers. Fecal matter in slurry 
form goes from 1st chamber to 2nd chamber through a 
pipe. Slurry flows from 2nd chamber to 6th chamber 
through slits in the partitions. From 6th chamber to 7th 
chamber it flows through a pipe. From 7th chamber to 
the chlorinator it flows through a pipe. Finally 
chlorinated water discharged to the ground. Nylon 
mating is provided on all walls for chlorination of 
bacteria. 

 
A. Parameters to be monitored: While undergoing 

this technique certain parameters have to be 
monitored and should stay in the recommended 
range of values. The pH value should be 
restricted from 6 to 9. The maximum quantity of 
solids should be 750mg/100ml. Total dissolved 
solids should be between 350mg/100ml. The 
COD levels should be in the range of 2000ppm. 
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Fig. 4(a), (b), (c), (d) - Four Variants of Bio – 

Toilet System 
 

B. Different variants tried out:  
I. The first variant was a Bio-toilet system 

without pneumatic and electric application 
having manual slider system for opening of 
segregation chute. 

II. The second variant was provided with 
pneumatic and electric application having 
flapper system for opening of segregation 
chute. 

III. The third variant had a smaller diameter 
chute, no fail safe arrangement, without 
electrics and pneumatics.  

IV. The fourth variant was a toilet system with 
Skim Latex Serum and pneumatic and 
electric application having flapper system 
for opening of segregation chute. 

 
Table 1: Parameters monitored in Bio toilet system 

 
 
III. OBSERVATIONS 

 
Table 2: Chocking of toilets 

 

Based on the trials, it was observed that “Bio-Toilet 
system without pneumatic and electric application 
having manual slider system” is best suitable. Also 
there were a few observations made which far 
outweighed the existing railway toilet system, like no 
fecal matter noticed in discharge from the toilets so 
far in any of the coaches, no foul smell in general in 
these toilets, the test parameters for TDS, TS, pH, 
volatile solids and COD are generally to the defined 
levels. Also the toilets were neat and clean under-
gears which encouraged maintenance staff to work 
more efficiently. 
However further improvements in the toilet system 
like opening mechanism of ball valve from inside of 
the toilet compartment, improved design of 
chlorinator etc. are still continue.  

 
IV. RESULTS AND DISCUSSIONS:  
 
The Bio-Toilet system provides an ingenious 
technology. Horizontal flow design is more suitable 
to handle non-biodegradable waste like plastic pouch 
etc. There is an acceptable Bio-degradation without 
AMOC and recurring attention. Elimination of toilet, 
discharge on stations, railway tracks and coaching 
depots results in improvement in cleanliness in level 
of the station area, also improves the coach 
cleanliness level and hygiene, thus providing better 
working environment for track staff and other 
maintenance staff. Also there are a few improvements 
which we can make on the above proposed Toilet 
system, like opening mechanism of ball valve from 
inside of the toilet compartment, improved design of 
chlorinator etc. can be implemented.  
 
CONCLUSIONS 
 
The use of Bio-toilets shows that the technology 
adopted is effective but also needs passenger’s co-
operation and discipline. Also it is very important to 
focus on the issue of dealing with fecal matter on 
their system.  
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