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Abstract - Indian Railways was being roundly criticized for creating an environment hazard by discharging toilet waste on 
tracks.  Indian Railway coaches have toilet system that has hole on the floor through which human faeces and urine is 
flushed directly on railway tracks.  Various types of environment friendly Green toilets have put on outfields trials by Indian 
Railways to overcome this problem.Controlled Discharge Toilet System (CDTS), Bio-toilet developed by Indian Railways 
engineers and DRDO biotechnologists, development of Zero Discharge Toilet System (ZDTS) by IIT Kanpur and Research 
Development and Standards Organization (RDSO) Lucknow, are some efforts in this direction. These technologies are more 
expensive due to inherent complexities, disposal problem at yards (ZDTS) and requirement of extra infrastructure at the 
terminal.Speed Controlled Railway Track Cleaning system, is an automatic toilet waste collection and disposal system which 
can be extremely helpful in Indian Railways as well as heavy long-distance transport vehicles .This system can be fitted to 
the existing toilet compartment without modification as it functions in either directions of the movement of the train.This 
similar technology can also be adopted in buses and other heavy transport vehicles with a change being that this system will 
have to be operated upon manually. 
 
Keywords - Indian railways, bio toilets, centrifugal governor, vacuum toilets etc. 
 
I. INTRODUCTION 
 
Indian Railways represent the pride of an Indian. 
Indian Railways is an Indian state-owned enterprise, 
owned and operated by the government of India 
through the Ministry of Railways. Railways have 
been good medium of transportation for its 
passengers since 1851 when it was introduced in 
India (Bombay to Thane). During these 150 years, it 
has approximately touched each and every part of the 
country. It covers about 1, 15,000 km with 7500 
stations .As of December 2014; it transported over 27 
million passengers daily.   
 
Indian Railways is known to be Asia largest railway 
network with modern coaches with water and 
lavatory facility, technological self-sufficiency, long 
distances sleeper class and a variety of air-
conditioned and non-air-conditioned services to suit 
every pocket of its passengers.  
 
Indian Railways uses more than 40,000 coaches 
regularly for passenger service. Keeping this 
population of the coaches in view, IR has to operate 
approximately 1,60,000  toilets, round the clock, on 
coaches moving at a speed of 100kmph plus. The 
toilets on Indian Railways are of open flush type in 
which faecal matter excreted by passenger is 
discharged directly on the tracks. Human feces and 
urine contains a large number of harmful germs. 
These germs not only pollutes the surrounding 
environment but also responsible for causing parasitic 
infections (tapeworm, pinworm, roundworm and 
hookworm are spread mainly through human solid 
waste), hepatitis, diarrhea, waterborne diseases, 
typhoid, cholera and other various types of diseases. 
Indian Railways has completed more than 150 

glorious years developing in many aspects but 
neglecting one major area, disposal of human faecal 
matter in large amount on tracks by toilets installed 
on coaches of Indian railways. This area has 
neglected by every responsible authority during these 
150 years, which is now a great cause of concern. 
Practicing such mechanism in toilet system flouts 
many Act such as Indian penal Code, 1860, 
Hazardous wastes (Management and Handling) 
Rules, 1989, Environment Protection Act, 1986 and 
Code of Criminal Procedure, 1973 
 
This paper proposes an approach to not only give 
solution to world’s biggest open toilet but gives an 
option for Indian Railways to make a clean and 
Hygienic Environment especially on Railway 
platforms. 
 
When the train starts moving at a pre-determined 
speed and away from the station, the discharge valve 
automatically starts opening and human waste 
discharges from the collection chamber on to the 
ground. As long as the train is moving, the valve 
remains in open position and the waste keeps getting 
discharged. As soon as the train enters the station 
with less than the pre-determined speed, the valve 
closes automatically and the human waste is collected 
in the chamber by usage of the toilet by the 
passengers. 
 
II. RELATED WORKS 
 
Due to heavy number of travelers, Indian Railways is 
suffering by a very sophisticated problem that is 
human waste disposal in running trains without any 
treatment. Several models and techniques were 
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proposed to solve the Indian Railways toilet 
problems.  
Controlled Discharge toilet System (CDTS) 
discharges waste on the run only after the train speed 
reaches 30kmph. CDTS used a sophisticated system 
that used GPS. Discharge takes place away from the 
station, helping in keeping the station clean. Another 
effort in this direction is Zero Discharge Toilet 
System (ZDTS). ZDTS was developed by IIT Kanpur 
and Research Development and Standards 
Organization (RDSO), Lucknow. ZDTS segregate 
solid waste and liquid waste, recycling the liquid 
waste to be used for flushing. Solid waste is to store 
in a box and treated with anaerobic bacteria. The box 
is to empty at stations or yards. IR Engineers and 
DRDO biotechnologists developed Bio-toilet. The 
technology being developed uses special strains of 
bacteria to biodegrade human waste into harmless 
and odorless products. Several other efforts are also 
in hand in parallel such as vacuum toilet technology 
etc. The proposed models and technologies have 
certain limitations in terms of money, inherent 
complexities, and requirement of extra infrastructure 
at terminals, maintenance and several other factors.  
Controlled Discharge Toilet Systems were expensive, 
costing around 6 lakh per piece.  
 
In failure of CDTS, load in retention tank will be 
increased resulted in bad odors and chances of 
damage. CDTS don’t work well when people use 
water, as opposed to toilet paper.It may create trouble 
to examination staff to attend any repair to break gear 
components if there is any failure in en-route section 
due to fitment location and bad smelling of CDTS. 
Removing solid waste from tanks was a problem 
(ZDTS), Vacuum machines are prone to technical 
glitches. 
 
Another Toilet system which is being provided in 
passenger coaches to control pollution over station & 
city area along with running track up to destination is 
Biological Toilets.On trial basis it was provided in 23 
newly built coaches at RCF (Railway Coach Factory) 
Kapurthala. All the 23 coaches were being used in 
rake of 1107/ 1108(Bundelkhand Exp.), since 18 
December2010 in JHS (Jhansi) division under 
coordination of DRDE (Defence Research and 
Development Establishment) Gwalior. 
 
These bio-toilets are fitted below the coach floor 
underneath the lavatories and the human waste 
discharged into them is acted upon by a colony of 
anaerobic bacteria that convert human waste mainly 
into water and small amount of gases (methane and 
CO2). The gases escape into atmosphere and waste is 
discharged after chlorination onto the track. Human 
waste thus does not fall on the railway track. This is 
environmentally friendly and also improves the 
working condition for the railway track staff. 

 
 

Chemical Reaction inside Bio Toilet 
 

III. PROBLEM IDENTIFICATIONS  
 

1. Vacuum disposal systems for railways involve the 
fitting of toilets whose outlets have traditionally been 
connected to wastewater collector tank of high 
capacity. This tank must be emptied at intervals, for 
example when the train reaches one of the ends of its 
route, and this naturally complicates and increases the 
cost of maintenance of the installation.  

2. Vacuum Toilets system is expensive and needs expert 
design. Another disadvantage of this system with 
general tank is that the stations need to have suitable 
equipment for emptying such tank.  

3. The traditional method of disposing human waste 
from trains is merely to deposit the waste onto the 
tracks using what is known as a ‘Hopper Toilet.’ The 
principal drawback is that it can be considered crude 
or unhygienic – it litters railway lines and can 
produce health risks if the train is passing over a 
public waterway.   

4. For Bio Toilets, People stuff other things into toilets –
polythene bags, sanitary napkins, diapers, bottles, 
pouches. These aren’t always bio-degradable. Sure 
there are waste-bins outside toilets. But passengers 
don’t always use them. For sanitary napkins/diapers, 
you can’t reasonably expect passengers to come out 
and use those bins. You need bins inside toilets, like 
aircraft. But bins inside toilets stink, unless they are 
regularly cleaned.   

5. Green toilet is a good idea but carrying the waste to a 
distance is a risk and disposal in the normal way will 
create social issues, so immediately it should be 
converted into by- products to generate power for the 
Indian Railways.  

6. However, fitting such bio-toilets in coaches is 
technologically very challenging because it requires 
special technique of wielding toensure the safety of 
the coach as it cannot be compromised in any way.  

7. In case of CDTS (Controlled discharge toilet system) 
if failure occurs, load in retention tank will get 
increased resulting in bad odours and chances of 
damage.  
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8. Due to fitment of CDTS at both ends, Staff will face 
problems to conduct rolling in & rolling out 
examination properly 
IV. STEPS TAKEN IN RAILWAY BUDGET 
2015 
 
Since Suresh Prabhu has taken charge of the Railway 
Ministry, he has made it clear that he is more 
concerned with the turnaround in Indian Railways 
than taking the populist path.  
With the aim of clearing the financial and 
administrative mess in the Railways, Prabhu is all set 
to present his maiden Railway Budget 2015-16.  
Speech of Shri Suresh Prabhakar Prabhu 
introducing the Railway Budget for 2015-16 on 
26th of February, 2015 are as:- 
“Cleanliness is a major area of dissatisfaction. 
Ensuring higher standards of cleanliness is of utmost 
priority for us. We want to make Swachh Rail the 
driving force behind this Government’s flagship 
programme   - Swachh Bharat Abhiyan. 
Hence, we now work on-Swachh Rail Swachh 
Bharat.” 
“We propose to create a new department for keeping 
our stations and trains clean.  Integrated cleaning will 
be taken up as a specialized activity, which will 
include engaging professional agencies and also 
training our staff in the latest cleaning practices. 
Railways plan to set up ‘waste to energy’ conversion 
plants near major coaching terminals to dispose waste 
in an environment-friendly manner. One pilot plant 
will be set up, to begin with, followed by more plants 
in a phased manner.”   
 “The condition of toilet facilities in our stations and 
trains needs major improvement. We will build new 
toilets covering 650 additional stations compared to 
120 stations last year. Bio-toilets are being fitted in 
coaches. So far we have replaced the existing toilets 
with 17,388 bio toilets. This year we intend to replace 
another 17,000 toilets. Research, Design and 
Standards Organization (RDSO) have also been 
tasked with making available within a period of six 
months a design for vacuum toilets.” 
 
V. MATERIALS AND METHODOLOGY 
 
S.N
O. 
 

Equipment/mater
ial 

Rating Quantit
y 

1. Transformer 240V /12V 1 
2. D.C Diode circuit 12V 1 
3. Motor 

ControlCircuit 
12V D.C 1 

4. Gear Motor 12V,200RP
M 

1 

5. A.C motor ( 
Acting As train 
wheel ) 

240V,4000 
RPM 

1 

6. Gate Limit 12V 2 

Switches 
7. Centrifugal 

Governor 
- 1 

8. Governor switches 12V 2 
9. Gate Actuator - 1 
10. Sliding Gate - 1 
11. Retention Tank - 1 
12. Chain Sprocket - 2 
13. Simplex Chain - 1 
14. Spiral Bevel Gears 35 teeth,14 

teeth(Gear 
Ratio 2.5:1) 

2 

15. Roller Bearings Approx 8-
10mm 

2 

16. Electrical Wires 
(Red and Black) 

Approx 2 
mm in Dia 

Each 2 
metre 

17. A.C Motor speed 
regulator 

- 1 

 
 
5.1-CONSTRUCTION CONCEPT 
1. From 240 V A.C supply a transformer is been 

connected. This transformer as we know is used 
to step down the 240V to 12V A.C supply. 

2. This 12V A.C current is needed to be converted 
into 12V D.C supply which is done through D.C 
Diode circuit. This act as a Rectifier panel which 
not only converts A.C into D.C but also filters 
the entire A.C component and a smooth D.C 
Voltage appears at the Load Resistance. 

 

 
Fig 5.1 D.C Diode Circuit 

 
3. After getting a pure 12V D.C supply, we feed 

this power to motor control circuit through black 
and red leads of wire. From this motor control 
circuit 5 wires are taken out (4 Red, 1 Black). 

4. 2 wires (1 black and 1 red) goes out to 12V D.C 
Gear Motor which is used to open and close the 
sliding door. 

5. Remaining 3 wires (3 Red) out of which 1 red 
wire goes common to body which latter on gets 
divided into two wires and fed to the 2 OUT 
Terminals of   governor switches attached to the 
spindle(Remaining two IN terminals are 
described in next point ). And 2 Red wires goes 
to two IN terminals of the 2 limit switches 
attached to gate actuator to control the movement 
of the sliding door. After that again 2 wires 
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comes out from the 2 OUT terminals of limit 
switches. (Each limit switch or governor switch 
contains 1 IN terminal And 1 OUT terminal.) 

6. These two out terminal wire (Red) gets 
connected to the carbon brushes attached at the 
top of the centrifugal governor so the wire 
connection may be taken out easily even when 
the governor is rotating at high speed. From this 
carbon brushes 2 black wires comes out which is 
connected to two IN terminals of the governor 
switch. This is how the circuit gets completed. 

7. One thing that gets remained is the 220 V A.C 
motor which is placed here in this project to Act 
as Powered Driven Train wheel. To this motor a 
Sprocket is been Connected to its spindle and a 
chain drive is given to translate the power to the 
centrifugal governor through Spiral bevel gears 
which transmits the motion to the 2 shafts 
connected at 90º to each other. 

 
5.2-WORKING CONCEPT 
1. First of all, connecting the plug into 240V A.C 

supply of the Transformer. 
2. And then connecting the 3 Pin Motor Speed 

Regulator to the 240A.C Motor 
3. Now increasing the Speed of the A.C Motor 

slowly through the speed regulator. Therefore the 
governor speed increases, which results in the 
increase of centrifugal force on the balls .Thus 
the balls move outwards and the sleeve rises 
upwards. After attaining a certain speed (say 170 
RPM) it clicks the upper governor switch (NOu) 
which is attached to the spindle of the Governor. 

 

 
Fig 5.2 Circuit Diagram 

 
4. As soon as the NOu switch is clicked it makes 

the circuit complete and the command goes to 
Motor Control Circuit to open the sliding gate 
and D.C Gear motor starts working, till the upper 
limit switch (NCU) is clicked to “ON” position. 
When it is clicked to “ON” position, it 
immediately breaks the circuit and thus the Gear 
motor gets stopped for further any movement. 

5. Now the Gate remains in open position till the 
governor or the powered train wheel is above the 
minimum speed (170 RPM). 

6. As the governor speed get decreases (say below 
170 RPM), centrifugal forces acting on the balls 
gets decreased and the sleeve starts going 
downward and thus NOu switch gets “OFF” and 

NOL switch is “ON” and again the circuit gets 
complete and D.C Gear motor starts rotating in 
the reverse direction so as to close the sliding 
Gate. The Gear motor will rotate to close the 
sliding gate until the limit switch NCL gets 
operated and thus breaks the circuit so as to stop 
the gear motor for further movement. 

7. This process gets repeated and mainly depends 
upon the speed of the A.C motor and thus the 
speed of the governor. Therefore we called it as 
Speed Controlled Railway Track Cleaning 
System. 

 
5.3-CALCULATIONS 
Centrifugal Governor 
The simplest form of a centrifugal governor is a Watt 
governor.It is basically a conical pendulum with links 
attached to a sleeve of negligible mass. 

 
Fig 5.3.1Centrifugal governor 

 
As shown in above figure Let, 
m = Mass of the ball in kg,   
w = Weight of the ball in Newton’s = m.g 
T = Tension in the arm in Newton’s, 
ω = Angular velocity of the arm and ball about the 
spindle axis in rad/s, 
r = Radius of the path of rotation of the ball i.e. 
horizontal distance from the centre of the ball to the 
spindle axis in metres, 
FC = Centrifugal force acting on the ball in Newton’s 
= m.ω2.r, and 
h = Vertical Height of the governor in metres. It is the 
vertical distance from the centre of the ball to a point 
where the axes of the arms (or arms produced) 
intersect on the spindle axis.  
 
It is assumed that the weight of the arms, links and 
the sleeve are negligible as compared to the weight of 
the balls. Now, the ball is in equilibrium under the 
action of 
1. The centrifugal force (FC) acting on the ball, 
2.  The tension (T) in the arm, and  
3. The weight (w) of the ball. 
 
Taking moments about point O, we have 
FC × h = w × r = m.g.r 
Or                      m.ω2.r.h = m.g.r orh = g /ω2 . . . (i) 
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When g is expressed in m/s2 and ω in rad/s, then h is 
in metres. If N is the speed in r.p.m; then ω =2 π N/60 
 
 
 h =                       9.81                  =      895 
                     (2 π N / 60)2N2                                 

We see from the above expression that the height of a 
governor h is inversely proportional to N².Therefore 
at high speeds; the value of h is small. 
 

 
Fig 5.3.1 Image showing the locations of pivot points and 

switches in actual governor 
 

Dimensions of Centrifugal Governor taken in the 
Paper:- 
Length of the arm OA or OB = 9 cm 
Length of the link CG or DH = 7 cm 
Length b/w point O and Pivot point C = 6.5 cm 
Vertical distance b/w OJ i.e. b/w O and governor 
switch (GS) 2 = 12cm 
Vertical distance b/w OI i.e. b/w O and governor 
switch (GS) 1 = 5 cm 
Vertical distance b/w IJ i.e b/w O and governor 
switch 1& 2 = 7 cm 
Height of the governor when it gets slow down and 
begins to touch GS2, h1 = 3cm 
Height of the governor when it attains a speed where 
the sleeve touches the GS1 h2 = 8 cm 
As we have seen, 
h =                       9.81                  =             895 
                  (2 π N / 60)2 N2                                 

Speed of the governor at N1 = (895 / h1)0.5….. Where 
N is in rpm 
                                             = (895 / .03) 0.5 = 170 
rpm. 
Speed of the governor at N2=(895 / h1)0.5 
= (895 / .08) 0.5 =105 rpm. 
Therefore from above calculations we saw that at N 
=105 rpm, sleeve of the governor begins to rise and at 
N= 170 rpm sleeve reaches its maximum position and 
clicks the governor switch GS1 (NOu) and thus 
completes the circuit and the sliding gate begins to 
open .If it gets slow down and reaches the speed of 

105 rpm it will click the GS 2(NOL) switch and thus 
the sliding gate begins to close the Retention Tank. 
Now we have to find what might be the linear 
speed of the Train to open and close the sliding 
gate? 
As we are using two Spiral Bevel Gears of Gear ratio 
2.5:1.                             
Therefore the speed ratio also gets divided in the ratio 
2.5:1.  
Assuming shaft connected to the pinion as the axle of 
the wheel of the train                          
At N = 105 rpm speed of the axle of the train will be 
=2.5×105= 260rpm 
At N = 170 rpm speed of the axle of the train will be 
=2.5×170=425 rpm 
Now we have to convert this speed of the rotation 
(Angular Velocity) of the axle in linear speed of the 
train. 
 
We know that, The Angular to Linear Velocity 
formula is: 

v = r × ω 
Where: v: Linear velocity in m/s, r: Radius, in meter 
ω: Angular velocity, in rad/s 
Therefore the RPM to Linear Velocity formula is: 

[v = r × RPM × 0.104] 
Here r will be the Actual radius of the wheel of train 
which is =457mm =.457m 
At N=260 rpm we will get v = .457×260×.104 = 
12.35 m/s = 45 Kmph. 
At N=425 rpm we will get v = .457×425×.104 = 20 
m/s 
 = 70 Kmph. 
 
Therefore from our model or prototype of Speed 
controlled Railway Track Cleaning System we get a 
calculation that if the Train attains a minimum speed 
of 45Kmph the door starts open and will gets fully 
opened after we attain a speed of 70 Kmph. However 
there is a room for improvement in this prototype if 
we make it more precise and adding much more 
equipment to enhance its accuracy. 
 
RESULTS & CONCLUSION 
 
It is important for IR to focus on the issue of dealing 
with fecal matter on their system. Open discharge of 
fecal matter must stop. Current practices are outdated. 
Other country railway systems have advanced in this 
matter. There are lessons to be learnt from other 
modes such as aircraft and ships 
Passengers can use toilet when they want, even if the 
train is standing on the platform. We have seen that 
people travelling in heavy commercial vehicles have 
their journey of 15-30 hours faces the problem of 
toilets and therefore sometimes forced to go for open 
excretion. With a little modification in this prototype, 
similar technology can also be adopted in buses and 
other heavy transport vehicles with a change being 
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that this system will have to be operated upon 
manually. 
Approach of this model might not solve the world’s 
biggest open toilet problem (Indian Railways) but 
gives an option to make a clean and Hygienic 
Environment especially on Railway platforms.  
This System can be easily applied to the existing 
toilet of the compartment without modification and it 
functions in either directions of the movement of the 
train. 
A fundamental principle of waste management is to 
reduce/reuse the waste generated. IR is the single 
largest carrier of passengers in the country and hence 
generates a large amount of waste including plastic 
waste. Therefore this system will definitely use to 
keep our country clean and will save money to the 
government in longer use. 
 

 SCOPE OF FURTHER WORK 

Efforts are on in several directions for development 
of Environment Friendly Toilets in trains.Through 
this project we are just giving an idea that this toilet 
system may contain some limitation but is very 
effective in long run. This system can be easily get 
installed on the existing toilet system and costs 
around Rs 40000 per toilet  which is  good to hear. 
 
If further modification could be done then this system 
can also be very usefull for the Heavy transport 
vehicles because they travel a long distances 
continuously. 
 
Sanitation in Indian Railways had become a need of 
time and an important aspect  for Indian Railway’s 
complete success.  Our proposed model will not put 
any restriction on its user. Passengers can use toilet 
when they want,  even if the train is standing on the 
platform. 
 

One Modification that may be helpful in this 
prototype is to add some anerobic bacteria to the 
Retention tank before Discharging it to on the 
Railway Track. Because if the human waste is 
converted into manure or such an material  which will 
not have its effect on the environment than this will 
be the best system .But Adding the anaerobic 
Bacteria everytime the tank fills may cost a lot to 
Indian Railway,so as to minimise the cost we should 
try to increase the size of the tank.If this all goes well 
than this model will not  only  solve the world’s 
biggest open toilet problem (Indian Railways) but 
gives alternate source of energy. 

  
 REFERENCES/ WEBLIOGRAPHY 
 

[1] The Times of India (November 28, 2012) “Railways needs a 
bug to keep toilets clean 
http://articles.timesofindia.indiatimes.com/28.11.2012 

[2] Passenger train toilet 
en.wikipedia.org/wiki/Passenger_train_toilet 

[3] http://www.wockhardtfoundation.org/pro-bio-toilet.aspx 
[4] Toilets and Trains by  G. Raghuram W.P. No.2008-12-07 

,December 2008  
[5] http://www.deccanherald.com/content/423829/B'lore prof 

develops model to keep railway stations clean. 
[6] http://blogs.economictimes.indiatimes.com/policypuzzles/toil

ets-on train: Some issues that need attention. 
[7] http://timesofindia.indiatimes.com/city/allahabad/ Railways 

adds more bio-toilets for clean and hygienic journey. 
[8] http://www.business-standard.com/article/finance/ Railways 

to try anaerobic bacteria and vacuum technology in toilets. 
[9] Controlled discharge toilet system for indian railway coaches 

(bg) from research designs and standards organization Manak 
Nagar, LUCKNOW – 226011 

[10] http://www.travelkhana.com/tkblog/tag/controlled-ischarge-
toilet-systems 

[11] http://www.sswm.info/content/vacuum-toilet 
[12] http://www.iwawaterwiki.org/xwiki/bin/view/Articles/Bio-

toilets:Sustainable Solution to India’s Sanitation Challenge. 
[13] Hand Book for C&W Supervisors released by Shri Harish 

Chandra Joshi General Manager North Central Railway on 
27.8.2011 
https://indianrlynews.wordpress.com/tag/railwaytracks-in-
railway-stations. 

 
 
 
 
 
 
 
 
 
 
 
 

 


