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Abstract 

This paper presents the methodology for design and fabrication of human waste disposal system for Indian railway with the 

related search. The study specifies factors influencing the human waste disposal and recommends a number of design options for 

human waste disposal system for Indian railway. These are based on a systematic study of the human waste disposal system and 

testing of a prototype model of it. For which we consider literatures reviews & some of them are explained.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Railways are the most preferred mode of transport for the masses in India, running 9000 trains, reaching 8000 stations and 

handling approximately 1.4 crores passengers per day. One of the commitments of the Railways in its Citizen’s Charter on 

Passenger Services on Indian Railway’s is to provide safe and dependable train services to the passengers and ensure adequate 

passenger amenities in trains and at railway stations, which includes provision of clean and hygienic surroundings both at 

railway stations and in trains. The charter also lays down railway’s commitment towards setting up responsive and effective 

grievance redressed machinery for time bound resolution of complaints and grievances of the passengers. 

Most of the passenger coaches have four toilets, two on either end of each coach. The human waste from these toilets is 

directly discharged onto the open tracks, the petition said, asserting the unhindered dumping of such waste is resulting in 

unhygienic conditions that cause the spread of disease. 

Human waste contains a large number of germs that cause diarrhea, cholera, typhoid, hepatitis, other water-borne diseases and 

parasitic infections. Parasites like hookworm, tapeworm, roundworm and pinworm are spread mainly through human waste that 

results in the spread of communicable diseases, it said. 

The seemingly innocent action of the railways contaminates the environment and promotes unsanitary conditions, negating the 

very small strides made in sanitation and community health. 

Railways neither had any mechanism to assess or control the level of expenditure on maintenance of cleanliness in stations 

and in trains nor a policy on waste management. Large quantities of waste were found lying in station premises. 

Considering the problem of toilet waste in Indian Railway in which we can keep the Railway station and the nearby place 

much cleaner than at present condition for this purpose we are developing a system which would help the station and nearby area 

clean. This system is fully based on mechanical linkages and highly reliable and less expensive to implement without any 

modification in present coaches this system can be implemented. 

 Concept: 

Figure shows a conceptual diagram of human waste disposal system for Indian railway. In this system it will use the rotating 

motion to stir the human waste and water. The system is based on the principle that when Railway approaches near the station its 

speed goes on gradually decreasing and when it leaves from the station its speed is gradually increasing. This change in speed of 

railway is used to operate the governor which is in turn used in operation of the human waste disposal system. 

In this system we utilize the governing action of governor to operate the valve through the links. The governor is connected to 

motor through V-belt and pulley arrangement. Required belt tension is maintained between the motor pulley and governor 

pulley.  
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The sleeve is connected to the valve through the coupling and mechanical linkage. The coupling is mounted on the sleeve in 

such a way that sleeve rotate with respect to the stationary coupling; there is relative motion between them. Coupling has vertical 

linear motion. This movement of coupling enables to operate the valve. 

 
Fig. 1: Conceptual Diagram of Human Waste Disposal System for Indian Railway 

Storage tank is provided to collect the mixture of human waste and water. This waste is collected in tank through the 

toilet outlet pipe. The tank is made in two parts inner tank and main tank. The discharge of inner tank is collected in outer tank. 

The stirrer is provided to stirrer the mixture of human waste and water and makes it in liquid form. 

II. LITERATURE REVIEW 

Following literature review is observed for obtaining the base for the completion of the objective of this project work. Research 

work carried out by Research Designs and Standards Organization under the title Specification for “Retention Tank Toilet 

System with Chemical Treatment” gives the following details 

 Preamble: 

Retention tank toilet system with chemical treatment treats human waste so that solids are treated and entrapped in the filter. The 

liquids are made free from pathogen before being discharged. It is applicable to western and Indian style toilets of mainline 

broad gauge (BG) coaches of Indian Railways. This Schedule of Technical Requirements specifies the waste processing, 

discharge and interfacing of Western and Indian style toilets to be fitted on different types of main line broad gauge (BG) 

coaches on Indian Railways. 

 General Requirements: 

Generally, IR mainline passenger coach has 4 toilets, of either Western commode or Indian squat-pan types. Some coaches may 

have only 2 or 3 toilets. The number of toilets and their type (Indian or western) depends upon the coach type. Irrespective of 

coach designs the biological toilet system is required to meet the following objectives:- 

 Clean, odor-less, hygienic and aesthetically pleasing toilet. 

 No discharge of unprocessed waste. 

 No spillage of wastes on the bogie parts, under gear or track. 

 Minimum life cycle cost to IR 

The toilet system should be simple to operate and safe for users. It should not contain any components, which are prone to 

pilferage. It should be robust, reliable and low-maintenance, and should require minimum ground facilities at the terminals or en-

route stations for it’s operation. 

The system should be able to handle normal waste and even some foreign objects thrown in (such as bottles, caps, napkins, 

plastic bags & cups etc.) either by segregating or by processing the same. Any choking should be possible to be rectified on the 

spot without needing attention of maintenance depot. 

The water consumption shall be minimum, with I00% wash of the commode (max. 2.5 liter per flush for Indian type and 1.5 

liter for Western type). The toilet system is required to suit the space constraints of different types of coaches. All parts of the 

system should be at least 225 mm above rail level (preferably 400 mm). The equipment should not impede free -movement of the 

bogies, nor the routine inspection & maintenance of various bogie/coach subassemblies. 
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The toilet system offered must be of a proven and established design. Documentary evidence along with certificate of 

performance (clearly specifying the operating conditions and design) of the toilet system supplied during last 5 years, should be 

provided by the tenderer, along with contact details of the users. The design of the toilet system should be suitable for application 

on various designs of Indian Railways passenger coaches. The tenderer may however make suitable changes in his original 

design to adapt the same to IR’s requirements. This shall be done at the tenderer’s sole responsibility and cost. 

 Operating Conditions: 

 Ambient Conditions:  

40o C to 55o C with 100% humidity and dust. Temperature variations can be quite high in the same journey or short period of 

time. Most coaches are based in coastal cities, with continued exposure to salt laden air. Coach exteriors and under frame are 

cleaned weekly by washing with mild cleaning agents, and the toilets by acids, caustic soda etc. Water Supply:-  

 In AC coaches, one tank of 400 liter capacity is available over the toilet roofs at each end, at a height of about 2030 mm 

from toilet floor. Water is pumped to these from under-frame mounted main water tanks. Water flow to the flushing valve is 

by gravity. 

 In non-AC coaches, one tank of 450 liter services each toilet at a height of 2030 mm from toilet floor. These tanks are not 

pressurized and the water flow from these tanks is by gravity. Pneumatic Supply: Air at 5-6 bar is available in coaches on 

run in brake system air-reservoir of 200 Its. A limited quantity of this can be made available for the toilet system, if needed. 

Air supply will not be available in some conditions of operation, such as prolonged shut down of locomotive, coach being 

stranded for some purpose, coach undergoing maintenance in depot etc. 

 Toilet system should be able to cater for such periods also. 

 Vacuum Generation: No arrangements exist in Indian Railway Coaches. 

 Power Supply: 110 V DC supply is available from the coach circuits. This supply varies from 90-140 V with 15% ripple. 

415 V 3 phase AC is also available in Rajdhani Express type coaches only. 

 Car-body dynamics:  

±100 mm vertically 

±55 mm laterally 

±10 mm longitudinally 

± 40 bogie rotation about center pivot 

 Duty Cycle: The toilet should be ready for use by the next passenger within 1-2 minutes. The toilet shall be used up to 

approx. 150 times in 24 hours journey varying up to 77 hours are performed by IR coaches. 

 Special Conditions: 

 In departmental coaches placed in sidings, toilets are used up to 10 times in 24 hrs. for duration up to 48 hrs. Air supply 

would not be available under this condition. 

 Toilets in stabled coaches may be used to limited extent in some cases. No air or power supply may be available under this 

condition. 

 Toilets are required to be usable in case of train getting stranded in an emergency for up to 4 hours without air supply. 

 No discharge is permissible in the maintenance pit-lines, where coaches are given scheduled maintenance. The system 

should provide functionality under these situations as well. 

 Design & Construction: 

The toilet system offered should be installed in the toilet module as an integrated system, which in case of an emergency, due to 

the loss of power and/or air, should always be functional. 

 The complete system must be a modular unit. The main system components which will all be in the scope of supply of the 

supplier are: 

 Lavatory bowl (Oriental/European design). 

 Flushing arrangement including interfacing for water, compressed air supply, Retention Tank 

 Control panel and associated ancillaries for the system operation. 

 Associated water hoses, pneumatic piping and electrical wiring. 

 Ground facilities required at the terminals 

 The technical implications/reasons for capacity rating of important components of the system shall be explained in detail. 

Similarly, critical dimensions in the fixing & location drawings shall be clearly indicated. 

 The system should be so designed that during routine maintenance does not require contact with semi-processed waste by 

maintenance personnel. Before extensive repairs, a manual drain out and flush of the complete system should be possible. 

 It should indicate the consumption of power, air, water & chemicals if any per use and per hour by the toilet system offered. 

 Toilet Bowl: 

Both Indian squat-pan and western style commodes are fitted on IR coaches. Seat of western style commode should be 400 - 425 

mm above the toilet floor. The Indian style squat pan should be mounted on/below the floor, projecting less than 50 mm above 
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the floor. The total height of the toilets should be such as to avoid infringement with under-frame members (space available 

approx. 135mm). 

 The diameter of the toilet bowl outlet hole should be minimum 100mm and shall be so designed to prevent any obstruction in 

outflow of waste. The toilet bowl design must include an integrated water spray ring system which covers the entire toilet bowl. 

The toilet bowl should be manufactured from Stainless Steel to AISI 304. 

 The toilet bowl should be aesthetically pleasing. The outlet hole diameter size should be adequate to handle normal waste and 

some foreign objects thrown in such as bottles, caps, napkins, plastic bags & cups etc. The waste should never be visible or flow 

backwards into the bowl even in cases of mal-functioning. A effective water seal may be provided to arrest the upward flow of 

odorous gases to the toilet area. In addition, a suitable deodorization system should be built into the module. This should be 

based on atomized spray of odor nullifying nontoxic substance in the toilet area. 

 Transport Pipe System: 

All pipes and pipe connections should be made of stainless steel to AISI 304. All pipes and pipe connections shall be completely 

leak-proof and made of non-corroding materials. Line valves should be located for easy accessibility for maintenance, and 

should be completely leak-proof while in use. Different circuits should be isolated so those repairs in a particular line do not 

require complete dismantling. 

 Waste Processing: 

The effluents are collected in a tank which is under slung below the WC. A pump mounted alongside the tank delivers the 

effluents to the treatment system at a steady rate through a membrane sieve to trap solids. A mixture of coagulating and 

disinfecting chemicals is injected into the delivery line to promote coagulation while preventing decomposition of organic 

compounds. Adsorption or organic scavenging will also be needed to meet the quality norms specified. Here, water entrained in 

the sludge trickles through an SS304 mesh and is recycled. Dewatered sludge is to be removed during the train clean-up 

operation. The residual pressure of 0.5–1 Kg/cm2 is maintained by continuous recycle of excess treated water for use in flushing. 

 The tenderer shall clearly indicate the system for rendering the toilet discharge environmentally inert. Chemicals used in-the 

toilet if any, shall be dispensed so that there is no chance of their contact with the user. 

 The details of chemicals and agents, along with their consumption rates and approximate costs, shall be indicated. All the 

consumables should preferably be available in the Indian market. 

 Waste Collection & Processing Tank: 

The tank shall be of stainless steel to AISI316L with sufficient capacity for duty cycle mentioned earlier. If under-slung tanks are 

provided, they shall be of superior quality stainless steel, designed to withstand ballast stone hits and cattle run over by the trains. 

The tender shall ensure high quality of fabrication and mating, for completely leak proof construction. Level sensors should be 

provided. 2 number centrifugal pumps with facility for auto operation should be provided. 

 Discharge: 

The treated effluent should be disinfected before it is recycled / discharged so that there are no pathogens in it. The discharge 

should carry no bacteria and be odor–less. The effluent should comply with the following pollution control requirements:- 

BOD 100 PPM 

COD 250 PPM 

PH 5.5 to 8.0 

There should be a facility for removal of non-degradable collected in the tank without requiring a complete disassembly or 

coming into contact with germ-processed waste. The discharge should not directly impinge on the bogies, under gear and the 

rails. 

 Control Panel: 

The control unit if any should be of a miniature size, for easy fitment inside the coach. The tenderer shall indicate its size, 

location and fixing arrangements. The unit shall have the following 

Characteristics: 

 Service friendly modular design 

 Rugged to withstand the vibration heat & dust of IR coaches 

 Self-diagnostic with indications for various faults and visual alarms for attracting the attention of operational personnel. 

 PLC to allow adjustment of variables such as flush water volume etc. 

 Supply: 

The Toilet system must be supplied as a complete toilet system in which all the components including Toilet Bowl (Oriental and 

European), Odor Sealing mechanism, control system, complete waste treatment tank, plumbing system, wiring etc. must be 

provided by the supplier. 

 Marking: 

Tenderer’s name with the serial/batch number along with month and year of manufacture shall be marked at a visible location for 

identification. Notices for users and maintenance personnel shall also be supplied for fixing in the coach, as decided between the 

tenderer and IR. 
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 Documentation: 

The suppliers must submit documentary proof of the system being of proven design and for the various components and material 

used in the toilet system. 

The successful tenderer shall provide detailed drawings and specifications of the components critical to it’s proper 

functioning. Sufficient numbers of illustrative manuals shall be supplied for installation, commissioning, preventive maintenance 

and trouble-shooting. Consumables required for the system (including chemicals for cleaning, disinfections as well as waste 

processing) shall be informed. A list of spares to be kept by the maintenance points shall be informed with their costs. 

 The tenderer shall submit the life-cycle costing for the toilet system offered by him, and include the following cost details :- 

 Landed cost of the toilet system 

 Annual recurring cost of operation 

 Annual recurring cost of preventive maintenance 

 Annual recurring cost of repairs 

 Operation & Maintenance: 

The tenderer should make an offer for a normal requirement of spares and consumables for 2 years period. In case consumables 

are not available in Indian market, the tenderer must undertake to develop vendors for supply of consumables in Indian market 

within I year of the supply. 

 The tenderer shall supply detailed operation & maintenance instructions, clearly indicating Do’s and don’ts. 

 The tenderer shall conduct training of IR personnel in installation, operation, trouble-shooting, repairs and preventive 

maintenance of the toilet system at his cost. Details of the proposed training should be indicated. 

 The tenderer shall give details about the technical support to be made available to Indian Railways during warranty period and 

the after-sales service after warranty period. 

The system should be robust, reliable and requiring minimum maintenance. These should be quantified by mean time between 

failures (MTBF) and mean time to repair (MTTR). Preventive maintenance schedule shall be detailed by the tenderer, which 

should coincide with the existing maintenance schedules for the coaches as given in Annexure. 

It should be possible for on-board staff to carry out trouble-shooting and undertake emergent rectification of problems with 

minimum equipments and by using self-diagnostic alarm system. 

 The tenderer must express his willingness to enter into an (post-warranty) Annual Maintenance Contract and/or an Annual 

Operation Contract separately for at least 5 years, which may be entered into by Indian Railways. The cost of these contracts 

should be quoted clearly. Indian Railways will require the contractor to undertake normal running maintenance of the supplied 

system also. Costs per annum of such maintenance, separately for on-board maintenance during run and for terminal 

maintenance, should be quoted clearly. 

 Prototype Approval: 

The prototype approval of the toilet system will be done by RDSO at firm’s premises. The successful tenderer must submit detail 

drawings and specification indicating functional and technical details of the system. The manufacturer should offer the prototype 

for inspection within 6 weeks of the placement of order. The tenderer shall stand fully responsible in respect of design, 

manufacture and serviceability of the complete system. The tenderer shall submit the details of the mechanical and electrical 

interfaces of the toilet system. 

 Testing Of Prototype: 

The testing of 4 prototype types (2 Western and 2 Oriental) shall be done by RDSO and other Railway representatives. The 

suppliers must design and commission a test stand for testing of prototypes. 

The following parameters will be checked: 

 Dimensional check as per drawings 

 Proper & leak free connections of air & water pipelines 

 Proper working of system control & indications 

 Waste treatment tank capacity 

 No odor passing to the toilet room through the waste treatment tank 

 Water consumption per flush for Indian and Western style. 

 Emergency operation without power/air supply and suitable arrangement for     by-passing this feature 

 Overflow provision in waste treatment tank 

 Functional check of the flush cycle 

 Endurance test of valves 

 Any other test 
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III. PREVENTIVE MAINTENANCE SCHEDULES OF IR COACHES 

 Maintenance Schedule in Depots: 

Type of Schedule Periodicity 

 Trip Schedule At the end of each trip or as prescribed. 

 Schedule 'A' or monthly examination 1 month +/- 3 days 

 Schedule 'B' or Tri-monthly Examination 3 months 3 days 

 Maintenance Schedule in Workshops: 

 Non-Air Conditioned Coaches: 

 Coaches in Mail and Express rakes 

 Coaches earning less than 2 lakhs Kms.per annum 12 months 

 Coaches earning more than 2.5 lakhs kms.per annum 12 months with IOH after 6 months 

 Coaches earning between 2 and 2.5 lakhs kms.per annum adopt (a) or (b) as per local conditions18 months 

 Air Conditioned Coaches: 

 Rajdhani & Shatabdi Express coaches 

 POH after 4 lakhs kms or 18 months whichever is earlier 

 IOH after 2 lakhs kms or 9 months whichever is earlier 

IV. RESEARCH METHODOLOGY 

The research methodology will cover as follow 

 Identification of design parameters. 

 Design of Garlic Peeling Machine. 

 Modelling of Garlic Peeling Machine. 

 Fabrication of Garlic Peeling Machine. 

 Testing of machine. 

The approach will be Design, Modelling, Fabrication and Testing of the machine. 

V. CONCLUSION 

The main conclusion will be drawn find out whether it is possible to automate a human waste disposal process which would 

avoid passengers inconvenience and uncleanliness and unhygienic condition of railway stations. Also the future scope for 

developing the human waste disposal system for any type of railway coaches as simple as possible. Above survey has given us 

guideline to accomplish the objective project work. 
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