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Visit Report of Sub-Committee-1 

Construction & Demolition (C & D) Waste Processing Plant  

at Shastri Park, East Delhi 

 

(Original application No. 199 of 2014 in the matter of Almitra H. Patel Vs UOI 

and application no. 281 of 2016 in the matter of Kudrat Sandhu Vs Govt. of 

NCT of Delhi & Govt. of India) 

 

A visit to Construction & Demolition (C&D) waste Plant located at Shastri Park 

was made on 20th April, 2017. The Chairman of the Sub-committee-1 along with 

following members participated in the site visit:  

 

1 Dr. Gangal, Central Pollution Control Board 

2 Mr. Sunil Kumar, Delhi Pollution Control Committee 

 

Other representative: 

1 Mr. Arun Kumar, Superintending Engineer, EDMC  

2 Mr. DebashishTripathy and Mr. Sandeep Malhotra, representative from 

IL&FS Environmental Infrastructure & Services Ltd., 

 

Sub-committee visited the plants keeping in view that the C&D waste generated 

from the NDMC area is transported to the Shastri Park for processing.  

 

1. Construction & Demolition (C&D) Waste Processing Plant, Shastri Park 

 

As Delhi grows, housing and infrastructure projects generate about 4,000 to 5,000 

MT/Day of Construction & Demolition (C&D) waste. Construction & Demolition 

(C&D) Waste plant at Shastri Park, Delhi has been set up by M/s. IL&FS 

Environmental Infrastructure & Services Ltd., (IL&FSEIS)  in 2015 on a Public 

Private Partnership (PPP) framework 

on Built-Operate-Transfer (BOT) for 

the East Delhi Municipal Corporation 

(EDMC). The processing capacity of 

the plant is 500 MT/day. Concession 

period of the project is 15 years.  

 

As per plant owner, about 2.5acre 

land is provided to the processing 

facility, whereas the minimum 

required  land for operating 500 TPD 

processing facility is 5 acres. If the 

adjoining additional land can be made available to the plant operator, plant can 

run more efficiently. The capacity of C&D plant at Shastri Park is 500 MT per day 
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and at C& D plant Burari, the capacity is 2,000 MT per day, so in all the capacity is 

2,500 MT per day whereas the generation of C&D wastage is around 5,000 MT 

per day. As such a gap of 2,500 MT per day of C & D waste still exist which 

remains unutilized at present. At present, about 70-80 MT/D C&D  waste is 

reaching from NDMC area and remaining about 370 MT/D comes from EDMC 

area. Consent to Operate was given by DPCC on 15/12/2016 and is valid upto 

28/10/2020. 

 

The project design, conceptualization, 

entire investment and execution is by 

M/s. IL&FS Environmental Infrastructure 

& Services Ltd. The wet processing 

technology has been adapted by the 

Plant to minimize the process residues 

as well as dust and noise pollution. 

 

As per the plant operator, the cost for 

establishment of the plant is Rs. 22 Crores and payback period is around 15 

years. The product of this plant includes sand, blocks/bricks and aggregates. The 

selling price of sand is Rs. 500/MT, each block cost is Rs. 29 and aggregates is 

Rs. 200 to 300 per MT. The manufactured items like Blocks/ tiles attract the 

excise duty of 12.5% and VAT of 5%. 

The blocks made out of C&D waste has 

got better intrinsic strength of about 125 

psi as against the strength 90 psi of “A” 

Class clay bricks.  

 

The requirement of process water for 

this plant is about 10,000 liters per day 

and 

treated 

sewage effluent from the STP located at Yamuna 

Vihar is being used to fulfill the requirement. The 

plant operator is paying Rs. 7 per kilo liter as cost of 

the treated water for meeting their water 

requirement. The plant has been given Consent to 

Operate by DPCC. The plant is operational for one 

shift at present from 9:00 am to 6:00 pm and about 

30 persons are engaged in this plant. 

 

The products recovered from recycling of C&D 

waste are recovery of segregates (-60 to 20mm, -20 

to 10 mm, -10 to 3 mm size), RMC made with recovered material and value added 

products like kerb stones, pavement blocks, and concrete bricks etc. Use of 
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recycled aggregate reduces the consumption of fresh stones and sand, thus 

conserving our natural resources and helping in reducing sand mining. Besides 

helping in reducing water and air pollution, the plant reduces the burden on the 

landfill/dumping sites of the city and saves precious urban land every year.  

 

2. Initiative Taken by Govt. of NCT of Delhi 

 

Department of Urban Development, Govt. of NCT of Delhi issued an advisory on 

mandatory use of recycled products from construction and demolition waste in 

Delhi to all Municipal Corporations of Delhi, NDMC, CPWD, Delhi PWD, DDA, 

DJB, Northern Railways, Delhi Cantonment Board, BSES, NDPL, DMRC, DPCC, 

Yamuna Power Lighting and other Govt. organizations in Delhi in July, 2016. The 

above organizations shall take the following measures involved in construction/ 

maintenance of civil works: 

i. A minimum of 2% of C&D recycled products shall be used for building 

works. 

ii. 10% of C&D products shall be used for road works 

iii. Urban Local Bodies in Delhi shall mandate 5% use of C&D recycled 

products for non-structural application by all including private individuals 

iv. All above conditions shall be included in all relevant civil works tenders i.e. 

notice inviting tenders, work orders and contract agreements, etc. for strict 

compliance. 

v. Compliance of these conditions shall be verified and certified by the 

concerned Executive Engineer before verifying and certifying the bills for 

payments in any such contract. 

 

3. Initiative Taken by Govt. of India 

 

i. Bureau of Indian Standard (BIS) has revised IS: 383:2016 to permit the use 

of manufactured aggregates namely recycled aggregates (RA) and 

recycled concrete aggregates (RCA) in lean concrete, PCC and RCC. 

Recycled aggregates (RA) and recycled concrete aggregates (RCA) shall 

preferably be used in CPWD works to the extent possible. Central Public 

Works Department (CPWD) has issued Office Memorandum in February 

2016 to all concerned in CPWD on use of manufacture aggregates as per 

IS: 383:2016 as 100% coarse aggregate in lean concrete (<M15 grade), 

20% in reinforced concrete (only up to M25) and 25% in plain concrete and 

similarly, 100% fine aggregate in lean concrete (<M15 grade), 20% in 

reinforced concrete (only up to M25) and 25% in plain concrete in PWD 

works.  

 

ii. Govt. of India has notified Solid Waste Management Rules, 2016 on  8th 

April, 2016. The Ministry of Environment, Forests and Climate Change shall 

be responsible for reviewing implementation of these rules as and when 
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required. As per the Rules, the Local Authority: 

 

a. shall device appropriate measures in consultation with expert 

institutions for management of construction and demolition waste 

generated including processing facility and for using the recycled 

products in the best possible manner 

b. shall make provision for giving incentives for use of material made out 

of construction and demolition waste in the construction activity 

including in non-structural concrete, paving blocks, lower layers of road 

pavements, colony and rural roads. 

 

4. Recommendations: 

 

i. Advisory issued by Govt. of NCT of Delhi for utilization of C&D waste, 

which is available in the form of aggregates, bricks and blocks from C&D 

waste processing plant in Shastri Park, Delhi for different civil works may 

be followed by PWD, CPWD, DDA and other Govt. Deptt. Contractors 

undertaking Govt. works must utilize C&D waste product to the maximum 

extent possible as per the directives/guidelines/instructions issued by 

Central/ Govt. of NCT of Delhi as mentioned in Para 2(i), & (ii) & Para 3(i). 

 

ii. Aggregates can be well utilized in the widening of ongoing NH24 by NHAI 

and as such appropriate direction to NHAI in this regard may kindly be 

given. This will save agricultura l soil which will otherwise be used for filling 

up the low laying areas. 

 

iii. The processing capacity of C&D waste plant at Shastri Park needs to be 

upgraded from its present capacity of processing 500 MT/D to 1,000 MT/D 

by the same existing plant but they need additional space for facilities and 

storage of raw material and products. This could be done by allocating 

adjoining land available with EDMC and Delhi Forest Deptt.  Forest Deptt. 

has planted some saplings in this adjoining land recently which are not yet 

fully grown and as such some land can be carved out of this forest land and 

given to the C&D plant operator in addition to adjoining EDMC land. This 

will go a long way in processing of more C&D waste at present location to 

the extent of 1,000 MT/D. 

 

iv. Another C&D waste processing plant at Burari,which was also set up by 

M/s. IL&FS has got capacity of 2,000 MT/D. As such in all about 2,500 

MT/D of C&D waste can only be processed in Delhi as of now whereas 

total such waste generated is around 5,000 MT/D and as such capacity 

addition to the extent of 2,500 MT/D is urgently required. DDA/ Govt. of 

NCT of Delhi/ MCDs should allocate additional land for setting up of such 

C&D facilities.  
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v. Tiles, bricks and blocks made out of C&D waste attracts Excise Duty of 

12.5% and Vat of 5%.To promote these products,there is a need to exempt 

such products from the purview of excise and vat duties. 
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CPCB Representative 
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NDMC Representative 

 
 
 
 
Dr. (Ms.) Gowri N. Sengupta 
M/o H&FW Representative 

 
 
 
 
Dr. (Ms.) Chhavi Pant Joshi 
M/o H&FW Representative 

 
 
 
 
Mr. K. Kumar 
DPCC Representative 

 
 
 
 
Mr. VK Sharma 
DJB Representative 

 

 
 
 
 

Dr. GK Pandey 
Chairman, Sub-committee-I 
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Visit Report of Sub-Committee-1  

Solid Waste Sanitary Landfill & Waste to Energy Plant  

at Ghazipur 

(Original application No. 199 of 2014 in the matter of Almitra H. Patel Vs UOI 

and application no. 281 of 2016 in the matter of Kudrat Sandhu Vs Govt. of NCT 

of Delhi & Govt. of India) 

 

A visit to Sanitary landfill site and Waste to Energy Plant located at Ghazipur was 

made on 26th April, 2017. Chairman along with following sub-committee member 

participated in the site visit:  

 

1 Dr. Ramakant, Ministry of Urban development  

2 Dr. Gowri Sengupta, Ministry of Health & Family Welfare 

3 Mr. K. Kumar, Delhi Pollution Control Committee 

 

Representatives from other organization were: 

1 Mr. Pradeep Khandelwal, Chief Engineer, EDMC 

2 Mr. P.R. Singh, Ghazipur Landfill site  

3 Mr. Chandan Singh, Assistant Engineer, EDMC 

4 Representative of Waste to Energy Plant  

 

Sub-committee visited the plants keeping in view that the silt generated from the 

drains in NDMC area is transported to the Ghazipur landfill site.  

 

1. Municipal Solid Waste Landfill Site at Ghazipur, East Delhi 

 

The representative from management of landfill 

site at Gazipur has informed the committee that 

this landfill was started in year 1984 in about 70 

Acres of land. With more than 2,100 MT of 

Municipal Solid Waste (MSW) of city being 

dumped daily at Ghazipur dumpsite, the site has 

exceeded its limit long ago, posing serious 

environmental, health and safety hazards to the 

neighborhood. It is estimated that 60% of the 

nearby population may be impacted by the 

dumpsite posing health risks.  

 

This daily waste being sent to the dumpsite is expected to increase to 3,200 tons by 

2021.  NDMC is also sending their silt taken out from drains to Ghazipur landfill site, 

the quantity of which was stated to be about 80 MT during March 2017. With an 

average height of 45-50 metres and over 5 million tons of accumulated garbage, the 

overflowing dumpsite is an environmental disaster waiting to happen like recent 
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collapsing of garbage dump in Sri Lanka drilling about 18 persons living the vicinity. 

During monsoon around 1.4 million liters per day of toxic leachate and runoff gets 

generated and flows into the Yamuna and 

also contaminates the groundwater. Air 

pollution problem due to continuous burning 

of methane from the landfill site poses 

significant health hazard to the adjoining 

population. 

 

The expected life of the land fill site was up 

to year 2002. It has outlived its life and still 

being used for disposal of municipal solid 

waste. The members of the committee 

reached at the top of the landfill to assess the actual scenario at the top of landfill. It 

was observed that the rag pickers were sorting the materials like quilt, blanket, 

papers, plastics, etc for recycling and reuse. Some of the trucks were also 

transporting construction and demolition (C&D) waste to the landfill site which was 

kept aside at the top of the landfill.  

 

As per the information provided by the 

Landfill management, C&D waste is used to 

cover the fire area on the top part of landfill. 

Green mixed waste was also used to cover 

the fire at the top of the landfill. Water 

sprinkling may not be used frequently to 

reduce the leachate generation. In case of 

major fire, management call the fire tender 

from Fire Department. It was seen that all the garbage trucks transporting garbage at 

the landfill site were uncovered.   

 

East Delhi Municipal Corporation (EDMC) 

in collaboration with Gas Authority of 

India Ltd., (GAIL) took an initiative to 

implement a pilot project to ascertain the 

potential of Landfill Gas (LFG) recovery 

from an active landfill site at Ghazipur. 

EDMC entered into MoU with GAIL for 

implementation of LFG recover facility 

and earmarked 10 Acre of land at landfill 

site for the pilot project. The scope of the 

project is to scientifically close the 

earmarked landfill site, construction of LFG collection well, LFG extraction, 

purification to enrich LFG and utilized for power generation.  
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GAIL has setup a methane recovery plant with power generation in the year 2013. 

About 15 number of bore wells were installed for collection of methane gas from the 

earmarked landfill site (10 acre). About 80 m3/hr gas is collected from the earmarked 

landfill site which contains about 30% of methane. At this, about 30KW power was 

generated out of which 22KW used by the plant and remaining 8KW fed to power 

grid. At present methane content has gone down to about 18% as such there is no 

continuous power generation due to small content. Now, methane is being burnt by 

GAIL as this small quantity cannot be utilized for power generation.  

 

About 2,200 MT/Day waste is received from the landfill site out of which about 750 

MT goes to the waste to energy plant. The height of the landfill site has reached to 

about 45 to 50 meters as against the normal 

height of 10 meters which may pose 

problems in case the dump collapses and 

may result into disaster effecting the nearby 

habitats. There was no proper system 

provided for leachate collection, treatment 

and disposal.  

 

During the visit we could observe the black 

brownish leachate was coming from the 

landfill site and was ultimately going to the 

municipal drains causing water pollution 

problem. However, it was seen that a small 

tank provided for storing the leachate is 

abandoned now with the result the leachate coming from the landfill site is getting 

bypassed totally to municipal drains which ultimately goes to Yamuna river causing 

water pollution. 

 

This landfill site is continuously on fire due to 

emissions of methane gas by decomposition of 

organic wastes. This indicates the callous approach 

of EDMC that no efforts have been made to control 

the fire being generated due to methane. Sri 

Pradeep Khandelwal, Chief Engineer, EDMC, who 

was present during the meeting, was fully aware of 

this problem.  

 

The committee members expressed their 

displeasure on the present situation of  prevailing of 

fires at the landfill site and advised the Chief 

Engineer, EDMC to take appropriate measures for 

control of fire such as at least sprinkling of water on the affected areas of the landfill 

site could be taken as an immediate measure. Chief Engineer, EDMC assured the 
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members to take appropriate measures on such effected areas to control fire at the 

landfill site. The Committee also suggested to increase the no. of LFG collection 

bore wells in the other part of the landfill also for gas recovery so as to reduce fire 

due to methane gas. This gas may also be used by the existing pilot plant of LFG 

recovery as there is reduction in methane content of recovered gasses from the 

present earmarked landfill bore wells. This would also reduce the risk of fires at the 

landfill site.  

 

1.1 Initiative taken by East Delhi Municipal Corporation on Ghazipur 

Landfill:  

 

A detailed study was carried out by CSIR-Central Road Research Institute (CRRI) for 

National Highway Authority of India, New Delhi to investigate the possibility of 

“Utilisation of Municipal Solid Waste in Road Embankment” collected from Ghazipur 

landfill, East Delhi. The MSW is proposed to be utilized in the widening of NH-24 

from 4 to 16 lane. About 200 tons of Municipal Solid Waste was collected from 

Ghazipur and was segregated into different sizes in the existing compost plant. The 

different fractions were studied for their suitability for use in road embankment 

construction. The segregated MSW is then characterized for its Geo-technical 

characteristics. Settlement analysis was also carried out to investigate its feasibility 

for embankment construction. A copy of CRRI report is enclosed at Annexure-I. The 

extract of the conclusions drawn from the study are summarized below: 

 

i. About 65-75% of segregated Municipal Solid wastes can be used for 

embankment construction.  

ii. Other than soil, plastics and textiles were observed to be major constituents in 

different segregated MSW. There is no variation in the soil content or other 

constituents with the age of the MSW.  

iii. Leachate studies indicate that MSW is a non-hazardous material as 

concentration of heavy metals is within the permissible limit.  

iv. The fraction passing 16 mm sieve shows a minimal amount of plastics. 

Considering the higher percentage of this material in the MSW (44-48%), and 

the fact that its Maximum Dry Density (MDD) satisfying the Ministry of Road 

Transport and Highway (MORTH) specification, this fraction can be directly 

used for embankment construction. This should be mixed with material 

retained on 37.5mm and 16mm after air blowing (at plant) to get the final 

material for use in embankment construction.  

v. The final MSW selected for embankment construction is a non-plastic, non-

swelling coarse grained material and classified as GM, i.e a silty gravel 

material.  

vi. The angle of shearing resistance values of MSW ranged between 280 and 

350 indicating its suitability for embankment construction.  

vii. The Permeability of the different types of MSW varies in the range                

1.55x10-9 to 1.21x10-8 m/s. The low value of the permeability observed may 
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be because of presence of plastics, and rubber in the MSW mix which 

obstructs the flow of water through the mix.  

viii. The value of compression index ranged between 0.14 and 0.19 indicating a 

low to medium compressible soil. The average value of coefficient of 

consolidation in the stress range of 79-628 kN/m2 is estimated as                                   

4.14x10-6 m2/sec which is similar to that of conventional silty soils.  

ix. Total settlement for 3 m and 5 m MSW embankment including primary and 

secondary consolidation 244 mm and 304 mm respectively. However, these 

settlements are much less than the allowable settlement of 300 mm to 600 

mm considered for Road embankment. The total settlement shall be uniform 

and shall occur slowly over a period of time.  

x. Stability analysis indicated factor of safety values for critical draw down 

conditions under seismic conditions in the range 1.64 to 1.79 which is more 

than the minimum value of 1.25 required as per Indian Road Congress (IRC-

75) specifications  

 

1.2 Initiatives taken by Ministry of Urban Development for Utilization of 

Garbage of Ghazipur Landfill 

 

A Memorandum of Agreement had been signed among Ministry of Urban 

Development, and Ministry of Road Transport and Highways and East Delhi 

Municipal Corporation and National Highways Authority of India at Nirman 

Bhawan, New Delhi and agreed that based on CRRI Report, about 60-75% of 

the material presently lying at the Ghazipur dumpsite (excluding plastic and 

textile waste) can be utilized for the purposes of construction of embankment 

in National Highway projects. It was expected that the embankment 

construction of NH-24 will clear the entire Ghazipur dumpsite. 

 

1.3 Initiatives taken by Ministry of Urban Development on Promotion of City 

Compost 

 

i. On the initiative taken by the Ministry of Urban Development, Union 

Cabinet has approved the policy on city compost including Market 

Development Assistance in the form of fixed amount of Rs. 1500 per 

tonne of city compost to the States for scaling up production and 

consumption of the product. Ministry of Chemicals & Fertilizers has 

conveyed the approval of Govt. of India on 10th Feb. 2016 to the Sates for 

implementation of the policy. Initially, marketing and promotion of city 

compost will be done through the existing fertilizer companies. In due 

course, compost manufacturers and other marketing entities recognized 

by the concerned State Government may also be included for the purpose 

with the approval of Department of Fertilizers.  Fertilizer companies and 

marketing entities will also co-market city compost with chemical fertilizers 

through their dealers’ network. The expenditure towards market 
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development assistance for scaling up production and consumption of city 

compost will be met out from the budget provisions for Department of 

Fertilizers.  

ii. Apart from the Market Development Assistance (MDA) of Rs. 1500 per 

metric tonne of city compost, Ministry of Urban Development is also 

providing a viability gap funding/ grant of 35% of the total project cost to 

States for waste to compost plants under Swachh Bharat Mission. The 

cities can now take advantage of this provision to ensure setting up new 

compost plants, reviving of closed compost plants and upgrading the 

existing plants working at sub-optimal capacity to function at full capacity. 

 

Compost from city garbage would not only provide carbon and primary/secondary 

nutrients to soil but also help in keeping the city clean. Eco-Mark standard for City 

Compost would ensure that environment friendly quality product reaches the 

farmers. Composting can reduce the volume of waste to landfill/dumpsite by 

converting the waste into useful by-products. This also prevents production of 

harmful greenhouse gases (especially methane) and toxic material that pollutes 

groundwater apart from polluting the environment. 

 

2. Waste to Energy Plant at Ghazipur, East Delhi 

 

Waste to Energy (WtE) plant at Ghazipur was set up by M/s. IL&FS Environmental 

Infrastructure & Services Ltd., Gurugram on 

a Public Private Partnership (PPP) 

framework in about 5 acres land for the East 

Delhi Municipal Corporation (EDMC) and 

provided a scientific solution to address the 

current dumping of waste at Ghazipur. It 

has capacity of 2000 metric tons per day. 

The consent to operate granted by the 

DPCC to this plant presently has put a cap 

on its capacity at 1300 metric tons per day 

(MTPD) of waste generating 12 MW of 

Power and 127 MT of Refused Derived Fuel (RDF) with calorific value of 3000 

Kcal/kg, to address East Delhi’s growing waste. But this plant is receiving only 800 

MTPD of garbage. The plant has built-in capability to process 1,300 MTPD. The 

operation of the plant has been started in December 2016.  

 

The plant has an elaborate pre-processing facility which prepares the waste to 

ensure a high calorific value for the RDF produced which feed into the State of the 

Art boiler to ensure proper combustion. This plant is capable of manufacturing 

Refuse Derived Fuels (in short ‘RDF’) and then use the same for marketing purposes 

or entirely and partly for generation of energy within the plant. Ghazipur generates 

20 metric tons of fly ash and 50 metric tons of bottom ash, total is 70 metric tons. 
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The management has entered into an 

agreement for utilization of bottom ash and 

fly ash for making bricks and blocks. 

EDMC has allotted about 1.5 acres of land 

for this purpose.  

 

It was seen that the effluent/ leachate 

which comes from RDF Plant are properly 

treated before the same is utilized in-

house. The requirement of process water is 

met out of the treated sewage from Kondli STP located nearby. The plant uses the 

recycled sewage water in the operations thus fully complying with the 4R (Reduce, 

Reuse, Recover, Recycle) principle of waste management. It was observed that 

packaged STP established for the sewage treatment generated by the employee 

engaged by the plant. However, it was found non-functional and was under 

maintenance. It was reported by the management that the sludge is taken out 

manually and ultimately disposed of in the 

landfill area. This is not desirable to carry 

sludge manually and rather in such emergency 

situations, the STP should have a bypass 

arrangement connected to the municipal 

sewerage system. The sludge generated in the 

leachate treatment plant has to be looked in to 

in terms of its quality and final disposal in a 

safe way. 

 

It has been estimated to mitigate 8.2 million tons of Greenhouse Gases (GHG) over 

the next 25 years of project life, thus combating global warming. To implement 

highest levels of transparency, IL&FS has installed a Continuous Emission 

Monitoring Systems (CEMS) which enable online viewing of key emission 

parameters for flue gas as on a real time basis. The plant has also trained waste 

picker women to make handicrafts products using wounded flowers and recycled 

paper. 

 

As per the recent requirement of CPCB for online display of monitoring parameter of 

flue gases, it was observed that this facility is yet to be provided by the management 

at the entrance of the plant in the public domain. However, in the central control 

room, it was observed that online monitoring system for different parameters of flue 

gases such as NOx, HCL, CO2, H2S, SPM, etc were provided with the data logger 

display which can be accessed by regulatory authority such as CPCB and DPCC.  
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2.1 Initiatives taken by Govt. of India on Promotion of Waste to Energy Plant 

 

• Ministry of Urban Development is implementing Swachh Bharat Mission with 

one of the components as municipal solid waste management. Under the 

Mission, Central Government provides 35% of the total project cost to the 

States for setting-up of waste processing unit including waste to energy plant 

by Urban Local Body.  

• Central Electricity Regulatory Commission (CERC) has notified Generic tariff 

for RDF (Refuse Derived Fuel) based and MSW based Waste-to-Energy 

plants.  

• Ministry of Power has revised the Tariff Policy 2006 under Indian Electricity 

Act, 2003, making it mandatory for DISCOMS to purchase 100% power from 

Waste-to-Energy plants. 

• All industrial units located within 100 km from a solid waste (based Refuse-

Derived Fuel) plant using fuel may replace at least 5% of their fuel 

requirement by RDF so produced. 

 

3. Recommendations 

 

i. Existing landfill in Delhi be phased out and no more land should now be 

allocated for landfill in Delhi and more Waste to Energy (WtE) plants be set up 

in future.  

ii. Garbage in existing landfills be utilized in WtE plants to the extent possible or 

should be used for filling low lying areas, especially, in road construction/ 

widening of roads including Central/ State Highways in consonance with 

recommendations of CRRI, Delhi. 

iii. New WtE plants be set up including expansion of existing ones to cater to the 

requirement of entire garbage being generated in NCT of Delhi. 

iv. Fly ash and bottom ash should not be dumped in landfills and rather be 

utilized for making bricks and blocks within a period of one year. 

v. Present practices of dumping of desilted materials from drains in NDMC area 

to Ghazipur landfill site should be stopped as early as possible and rather be 

used in making bricks and blocks. Economic instruments be used to promote 

usage of such products. Also, administrative orders be issued by Govt. of 

Delhi/ Central Govt. to use such products by PWD, CPWD, DDA, Govt. 

Construction Agencies, etc. in developmental activities. Excise duty / VAT 

may be exempted for such products. 

vi. Transfer of garbage through open trucks be stopped as early as possible but 

not later than one year. The open transportation of garbage leads to the 

pollution in the environment and gets spilled on road during transportation.  

vii. Burning of gas (methane) alongwith garbage in Ghazipur landfill is causing air 

pollution and produces carcinogenic gases and as such sprinkling of treated  
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waste water from Kondli STP be used for the purposes to avoid health 

implications to the adjoining population. 

viii. Reclamation and closure of landfills of Ghazipur and Okhla be initiated and 

may be completed by next two (2) years.  

ix. No untreated leachates be allowed to flow in drains and be properly treated 

before discharge.  

x. Frequent fire incidences and discharge of untreated leachates into the drains 

are major environmental concerns and strict action may be taken against the 

concerned Municipal Corporations of Delhi for their callousness and apathetic 

attitudes. 
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UTILISATION OF MUNICIPAL SOLID WASTE IN ROAD 

EMBANKMENT 

 

1.0 INTRODUCTION 

Rapid growth of population, industrialization and urbanization during the last few 

decades has resulted in generation of huge quantity of Municipal Solid Wastes 

(MSW) in different cities.  Delhi generates about 7000 tons/day of MSW and all the 

three existing dump sites (Ghazipur, Bhalswa and Okhla) have exhausted their 

capacity. The Ghazipur landfill was started in the year 1984 and is still in use.  It 

spreads over an area of approximately 3x105 m2 and is situated near National 

Highway-24. It is located at the close proximity of the Hindon canal. On an average 

2200 tons/day of waste is dumped and the waste fill height varies from 30-35 m. 

Different constituents of this waste dump include:  groceries, food scraps, vegetable 

remains, packing materials, paper, remains of used coal, ash, wood, metals, plastics, 

ceramics, cloth, glass, etc. Construction & demolition waste consisting of sand, 

bricks and concrete block are also part of the dump. Further, waste from the 

adjacent poultry market, fish market, slaughter house, dairy farm and non-infectious 

hospital waste are also part of the huge hillock of MSW dump. The MSW is dumped 

haphazardly without segregation and at present it is in irregular shape. A typical 

pictorial view of Gazipur land fill site is shown in Fig. 1.  

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Typical view of Ghazipur MSW dumping yard 
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The huge dump of Ghazipur landfill is affecting the health, hygiene, sanitation and 

aesthetics of surrounding area. The place has become a home for rats, flies, 

bacteria, mosquitoes, all having the potential of causing many human diseases. If 

these wastes are not properly disposed off, they can prove perilous and 

environmental hazard. It is very important for Engineers and Environmentalists to 

adopt sustainable waste management programs to minimise the release of these 

materials into the environment where they can affect public health and eco-system. 

 

Large scale infrastructural development is being carried out in the country 

considering the huge surge in the industrial and consumer goods production. Several 

thousands of kilometre of roads are built in the form of National Highway 

Development (NHDP) program and Pradhan Mantri Gram Sadak Yojana (PMGSY) 

program. This requires huge quantities of road construction materials both for 

construction and maintenance of roads. Use of local soil and conventional 

aggregates for road construction needs to be reduced as it affects our environment 

and is disastrous for the future. Also, the conventional soil and good quality 

aggregates are also depleting very fast especially in an urban area, and have to be 

brought from large distances, increasing tremendously, the cost of the project. The 

accumulated Municipal Solid Waste (MSW) in the Ghazipur landfill is now seen as a 

potential source of material for bulk utilisation in embankment construction in the 14 

lane widening of NH-24, the construction of which would start in next few months.  

 

In this connection National Highway Authority of India (NHAI) approached CSIR-

Central Road Research Institute, New Delhi to carry out a detailed study to 

investigate the possibility of use of this material as an embankment fill. It was 

emphasized that the study shall be carried out as a pilot project, the outcome of 

which could be utilised and applied in different cities at the National level. 

Accordingly,  a proposal was prepared by CSIR-CRRI, to carry out this R&D study in 

three phases the scope and objectives of which include: development of 

methodology for segregation, laboratory characterisation, design, construction of 

experimental test tracks, instrumentation and monitoring. Results need to be 

analysed and specifications have to be developed for large scale field applications. 

This report discusses the results of Phase 1 of study; where in a methodology has 
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been proposed for segregation of MSW. The report also discusses the results of a) 

Geotechnical characterization of MSW b) Settlement analysis and c) Typical cross 

sections of MSW embankment of 3m and 5m height embankment for field 

construction.   

 

2.0 SCOPE AND OBJECTIVES 

The objective of this project is to develop the guidelines, technical specifications for 

the application of MSW in road embankment construction. The scope of work is 

limited to the following activities. 

 Development of a methodology for segregation and identification of material 

for embankment construction.   

 Geotechnical characteristics of identified material to investigate its feasibility 

for embankment applications.  

 Investigation on heavy metal constituents, other harmful products by chemical 

analysis of identified material. 

 Analysis of total settlement of municipal solid waste embankment fill. 

 Slope stability analysis for embankment constructed with municipal solid 

wastes. 

 Finalization of typical cross – sections of MSW embankment for field 

construction. 

 

3.0 DEVELOPEMENT OF METHODOLOGY FOR SEGREGATION 

The Municipal Solid Waste (MSW) is a heterogeneous material which cannot be 

used as such in embankment construction. It has large size plastics, clothes and 

even boulder size C&D waste.  MSW needs to be segregated/separated by adopting 

a suitable methodology before using it for road embankment construction. The 

segregated material can then be easily compacted in the field with conventional 

methods and equipments. Details of R&D study adopted for segregation of MSW is 

discussed below. Based on the result of the study; a methodology has been 

proposed for segregation of MSW.   
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3.1 Collection of raw Garbage (MSW) 

To develop the segregation methodology, about 200 tons of raw garbage (Municipal 

Solid Waste)  was collected from Ghazipur landfill, East Delhi. This was collected 

from three pre-identified locations according to its age, based on the height of the 

dump and as per available data with EDMC. However as the samples were collected 

from the slope of the MSW, this cannot be authenticated about the exact age of the 

MSW collected.  

The biodegradability of MSW depends on the time of dumping and it would affect its 

physical, chemical and geotechnical properties. Approximately 70 tons of garbage 

was collected from each of these three locations of different ages (1) 5 years old (2) 

10 years old and (3) 15 years old. The approximate  locations on a Google map is 

shown in Fig 2.  

.   

 

 

 

 

 

 

 

 

 

3.2 Segregation and composition analysis 

Segregation and composition analysis of MSW samples were carried out to know the 

proportion of different size of heterogeneous materials and its composition. The 

analysis would help to arrive at suitable material to be used for embankment 

construction. The R&D study was carried out at IL & FS Compost plant, Okhla, New 

Delhi.  

10 

Yrs 

15 

Yrs 
5 

Yrs 

Fig 2. Collection of MSW of different age- Locations on a google image 
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3.2.1 Segregation 

The study on the segregation of raw garbage was carried out at an already existing 

compost plant at Okhla, New Delhi. The trommel/sieve sizes used in the composting 

process were also adopted for segregation of raw garbage (MSW). The garbage 

collected from different locations was first dried in the compost plant (Fig.3) before 

the process of segregation. The compost plant has different trommels/sieves which 

has the option to segregate the garbage in different sizes as, Retained on 80mm, 

Passing 80mm , Passing and Retained on 35mm, Passing and Retained on 16mm, 

Passing and Retained on 4mm. To develop the segregation methodology, raw 

garbage was segregated in different trommel/sieve sizes starting from 80 mm to 

passing 4mm. The samples segregated in different sieves would give an insight 

regarding the possible selection of material for embankment construction. The 

method of segregation adopted in the compost plant has been discussed below. 

 

a) The dried MSW is first fed into 80 mm trommel through a conveyor belt. The 

papers, plastics, cloths and other constituents remained on the 80mm sieve were 

removed by an air blower provided in the plant set-up.  The high pressure blower 

removes all the large size papers, plastics, clothes as shown in (Fig.4). The 

heaver larger size C&D aggregates including large size brick bats are retained on 

80mm sieve. However, these materials can also be removed manually as shown 

in Fig. 5. 

 

 

 

 

 

 

 
Fig.3 Drying of garbage in compost plant 
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b) The material passing 80 mm sieve (Fig.6) was then fed into 35mm size 

trommel/seive, where the MSW will get further segregated into materials 

retained on 35 mm and material passing 35 mm (Fig.7). In this process, there 

would be more removal of plastics, paper, clothes, etc. 

c) The MSW passing 35 mm trommel/sieve size, further passes through a 

conveyor into a 16mm trommel/sieve, which further segregates the materials 

into two parts viz. Retained on 16 mm and Passing 16mm (Fig.8). 

d) The MSW passing 16 mm is then allowed to pass through a 4 mm 

trommel/sieve, which further segregates the MSW into retained on 4 mm  and 

passing 4 mm ( Fig.9). 

Fig.5:- Removal of Brick bats, C&D waste from the conveyor  

Fig.4 Loading and Separation of plastics from 80mm Trommel/Sieve 
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During the segregation study, the percent weight retained and passing different 

trommel/sieve sizes was calculated separately. These values were estimated by 

collecting different fractions  using mini trucks and weighing them appropriately in the 

plant.   (Fig.10 and Fig. 11(a,b)). 

The percentage of different fractions after segregation is summarized in Table1.  

 

 

Fig.7 Fraction passing  35 mm sieve. 
Fig.6 Fraction passing 80 mm sieve. 

 Fig.8 Fraction passing  16 mm sieve. Fig.9 Fraction passing 4 mm sieve. 
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Table 1:- Percentage of different fractions after segregation of raw garbage 

Age of 

MSW 

% Passing 

80mm 

sieve 

% Retained 

on 35mm + 

% Retained 

16mm  

sieve 

% Passing 

16mm 

sieve 

% Retained 

on 4mm 

sieve 

% Passing 

4mm sieve 

5 yrs  79 32 47 18 29 

10 yrs  65 21 44 17 27 

15 yrs  68 20 48 14 34 

 

        Fig. 10 Collection of MSW passing 80mm 

(a) (b) 

      Fig.11:- Collection of MSW passing 16mm 
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It is observed that, in all the three types of MSW of different ages, that 

(a) About 65-79% of the material passes through 80 mm sieve with substantial  

amount of plastics, paper & cloths and  

(b) About 44-48% of the MSW passes through 16mm sieve with minimum 

plastics.  

(c) Substantial amount of useful aggregates were observed to be retained on 

35mm and 16mm Trommel/Sieves. 

3.2.2 Composition analysis 

Composition analysis of different fraction was carried out to know the amount of 

different constituents viz. soil, plastics, metals, textiles, papers etc in the 

heterogeneous mix. This would help to identify a particular fraction for use in the 

embankment construction.  

About 30-40kg of MSW passing through 80mm, 35mm, 16mm, 4mm seives were 

collected randomly during segregation process and were dried before composition 

analysis. Different constituents were separated manually and weighed (Fig 12).  

 

 

 

 

 

 

 

 

This process was repeated for MSW of different ages. The results of the composition 

analysis for different fractions are shown in Fig 13 – Fig 17. Some of the conclusions 

drawn from composition analysis are given below; 

Fig.12 Manual Separation of MSW passing 80mm 

sieve 
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Fig 13:- Results of composition analysis of MSW retained on 80mm 

Fig 14:- Results of composition analysis of MSW passing  80mm 
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Fig.15 Results of composition analysis of MSW passing 35 mm sieve 

Fig.16 Results of composition analysis of MSW passing 16 mm sieve 
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Fig 17:- Results of composition analysis of MSW passing 4mm 
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Some of the conclusions drawn from composition analysis are given below: 

a) The percentage of soil content increases as the raw MSW is successively 

segregated through 80 mm, 35mm, 16mm, and 4mm. The soil content which 

was about 50% retained on 80mm sieve increases to 100% when it was 

passed through 4mm sieve. 

b) Other than soil, plastics and textiles were observed to be major constituents in 

different segregated MSW  

c) The percentage content of metals, wood, paper, rubber, glass is observed to 

be less than 1% in different segregated MSW. 

d) It is concluded that there is no variation in soil content or other constituents 

with the age of the MSW. 

 The variation of plastics and other constituents in MSW of different ages with 

sieve size is shown in Fig-18. It is observed that the amount of plastics and other 

constituents sharply reduces when it is passed through 80mm sieve (50% to 

15%). With the successive sieving, this amount reduces and becomes negligible 

when it is passed through 4mm sieve. 

 

 

 

 

 

 

 

 

 

 
Fig 18:- Variation of plastics and other constituents with Trommel size 
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3.3 SUITABILITY OF SEGREGATED MSW FOR EMBANKMENT CONSTRUCTION 

The fraction passing 80mm, 35mm, 16mm & 4mm sieve were visually observed for a 

typical MSW with 10 years age.   These fractions were geotechnically characterized 

before arriving at conclusions regarding their feasibility for embankment construction. 

Fractions retained on 35mm,16mm were also studied. Details of the study is given in 

subsequent sections. 

3.3.1 Fractions passing 80mm, 35mm, 16mm and 4mm 

 The fraction passing/retained on 80mm sieve are found to have different ingredient:-  

(a) C&D wastes which is considered to be a good material for embankment 

construction. However in these fractions, substantial amount of plastics, 

textiles, papers are also present, which may create compaction problems 

during construction in the field. Hence this fraction cannot be used directly 

without segregation in embankment construction. 

(b) To identify/select a particular fraction among the remaining fraction (passing 

35mm, passing 16mm, passing 4mm sieve), their preliminary geotechnical 

characteristics were studied by carrying out specific gravity tests, plasticity 

and Modified Proctor compaction tests. The results are summarised in Table 

2. The compaction characteristics of different fractions are shown in the 

Fig19. 

      Table 2 : Preliminary geotechnical characteristics of segregated MSW. 

Property Passing 

35mm 

Passing 

16mm 

Passing 

4mm 

Specific gravity 1.84 1.80 1.93 

Plasticity characteristics NP NP NP 

Maximum Dry Density 

(MDD), KN/m3 

15.7 15.7 16.0 
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Important  conclusions drawn are given below:- 

a) There is no substantial difference in the Maximum Dry Density (MDD) of 

materials of different fractions (15.7 to 16 KN/m3). Also, as the sieve size 

reduces, there is a reduction in the amount of plastics and coarse aggregates 

as discussed earlier in Fig.18.. The balancing  proportion between them may 

be the reason for insignificant change in the MDD. The optimum moisture 

content varied in the range 14 to 17%. 

b) In general, as the sieve size reduces, the specific gravity of the fraction 

increases. 

c) The fraction passing 35mm sieve also has substantial amount of plastics, 

textiles and papers and was considered unsuitable for embankment 

construction.  

d) The fraction passing 16mm sieve shows a minimal amount of plastics.  

Considering its higher quantity in MSW (44-48%) and its MDD satisfying  the 

Fig 19:- Compaction curves for segregated MSW (5 Years) 
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MORTH specification,  this fraction can be directly used for embankment 

construction. 

 

3.3.2 Fractions retained on 35mm & 16mm 

As per MORTH specifications, the soil less than 75mm can be used for embankment 

construction. It is observed from Table 1 that about 65-79% of MSW is passing 

through 80 mm sieve which needs to be effectively used for embankment 

construction. But the presence of considerable amount of plastics and textiles make 

it impractical for embankment construction. If these unsuitable materials are 

removed during segregation, the fraction passing 80 mm fraction can also be used 

directly in embankment.  This would help in the bulk utilization of MSW in road 

construction.  

In the segregation plant, the fraction passing 80mm passes through 35mm and 

16mm sieves during the process of segregation. As discussed in Section 3, it has 

already been concluded that MSW passing 16mm sieve can be directly used for 

embankment construction. But It is observed that MSW retained on 35mm and 

16mm sieve has good amount of C&D wastes/aggregates (20-32%) which needs to 

be effectively utilised for embankment construction. However, it has substantial 

amount of plastics, textiles and papers.  If these unwanted removed by adopting 

some methodology in the plant, it can be effectively used in embankment 

construction. 

 To investigate the possibility of using MSW retained on 35mm and 16mm, a 

laboratory experiment was carried out. Two bags of MSW passing 80mm was dried 

in the open air (Fig.20). The dried material was then passed through 37.5mm sieve.  

The material retained on 37.5mm is collected in a tray. It was observed that this 

segregated material has aggregates with substantial amount of plastics. To remove 

the plastics, papers, textiles and other light material, an experimental setup 

simulating the fall of the material from the conveyor in the actual plant, was 

developed in the laboratory (Fig 21).  
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For simulating the high pressure blower, a table fan was placed. As the material is 

slowly allowed to fall, with the table fan in the running position, all the plastics, 

papers and other light weight material fell far away, while the heavier aggregates and 

other materials get collected right below .  

 

 

 

 

 

 

 

 

 

The material passing 37.5mm is then further passed through 16mm sieve. The MSW 

retained on 16mm is again separated from plastics, papers, textiles etc by air 

blowing as discussed above. Like earlier, The aggregates and other heavier material 

falls right below. The view of materials retained on 37.5mm and 16mm sieve before 

and after air blowing is shown in Fig. 22 (a,b) and Fig. 23 (a,b) respectively. 

 

Material passing 16mm sieve is then mixed with material retained on 37.5mm and 

16mm after airblowing which forms the final material for use in embankment 

construction (Fig 24).This is nothing but the material passing 80 mm sieve with 

removal of plastics, papers, textiles etc. The proposed methodology for segregation 

of the raw MSW before its use in embankment construction is shown in Fig.25.  

 

 

Fig.20:- Fraction passing 80 mm 
Fig.21:- Experimental setup for segregation of 

fractions retained on 37.5mm and 16mm 
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Fig 24:-view of final material selected for embankment construction.  

Fig.22 (a) Fraction retained on 37.5mm  

              sieve before air blowing 

Fig.22 (b) Fraction retained on 37.5mm  

                 sieve after air blowing 

Fig.23 (a) Fraction retained on 16mm 

                 sieve before air blowing 

Fig.23 (b)  Fraction retained on 16mm 
                 sieve after air blowing 
 



  

19 

 

                                                          

 

 

 

 

 

 

 

 

 

 

 

 

             Fig .25:- Proposed methodology for segregation 
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4.0 PHYSICAL AND CHEMICAL CHARACTERISATION OF MSW  

Physical and chemical characteristics of municipal solid waste are very important to 

know that the presence of different toxic metals and their possibility of polluting the 

underground water resources. About 500 gm of dry MSW passing 425 micron was 

dried and  investigated for both physical and chemical characteristics by standard 

procedure in an NBA accredited laboratory. The results have been summerized in 

Tables   3, 4, 5.  

 

 

 

 

 

Parameters Units A B C Test Methods 

pH - 7.4 7.6 7.6 IS : 2720 (Part-26) 

Moisture content % 1.3 0.8 1.1 
IS:2720(pt-2) 

1973 

Total nitrogen ( N) mg/kg 92.4 60.74 59.89 IS:14684 : 1999 

Phosphorous ( P) mg/kg 36.96 28 20.7 IS: 10158- 1982 

Nitrate ( NO3) mg/kg 10 <5.0 10.3 ICARDA 

Nitrogen mg/kg 92.4 60.74 59.89 IS : 14684 -1999 

Electrical 
Conductivity 

µs/cm 3017 1720 1935 
APHA 22nd. Ed. 

2012, 2510 

Sulphur mg/kg 5143 3001.2 3495.3 
IARI manual for 

soil 

Nitrite ( NO2-N) mg/kg <5.0 9 <5.0 
APHA 4500 NO2-

B 

C:N ratio mg/kg 13.584 279:01:00 317:01:00 
By conversion 

method 

Total Inorganic 
Content 

% 87 90.1 92.1 
APHA 22nd EDN 

2012.5910B 

Chloride (Cl) mg/kg 2563 1590 1843 
Lab Sop No-

24(Section- 18) 

Sulphate (SO4) mg/kg 15430 9003.7 10485 
IARI Manual for 

Soil 

Calcium (Ca) mg/kg 2718 1172.4 1225.5 
APHA 22nd 

Edn.2012(3120. 
B) 

Magnesium (Mg) mg/kg 1020 890 868 
USEPA 

3050B/3051/3052 

Organic Matter % 5.17 2.93 3.3 
IS : 2720 (Part -

22) 

Cation Exchange 
Capacity 

meq/100gm 40.41 31.5 44.59 
IS:2720(pt-24) -

1976 

 Table 3. Physical and chemical characteristics of Municipal Solid Waste 
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Table 4: Heavy metals content in the leachate of MSW 

Regulatory limits as per HSW Rules 2016 
Source: G.S.R 395 (E)[04-04-2016] : Hazardous and Other Wastes (Management 
and Transboundary Movement) Rules, 2016 
 

 

 

 

Heavy Metals A (mg/l) B (mg/l) C (mg/l)   Regulatory 
Limit (mg/l) 

Test Methods 

Antimony & 
antimony 
compounds 

<0.03 <0.03 <0.03 15 USEPA:1311/30
50/3052 

Arsenic & arsenic 
compounds 

<0.03 <0.03 <0.03 5 USEPA:1311/30
50/3052 

Cadmium & 
cadmium 
compounds 

<0.1 <0.1 <0.1 1 USEPA:1311/30
50/3052 

Mercury & mercury 
compounds 

<0.1 <0.01 <0.01 0.2 USEPA:1311/30
50/3052 

Selenium &  
selenium 
compounds 

<0.03 <0.03 <0.03 1 USEPA:1311/30
50/3052 

Total chromium 
compounds 

<0.1 <0.014 0.032 5 USEPA:1311/30
50/3052 

Cobalt compounds <0.1 <0.1 <0.1 80 USEPA:1311/30
50/3052 

Copper compounds 0.58 0.59 1.02 25 USEPA:1311/30
50/3052 

Lead & lead 
compounds 

<0.1 <<0.1 <0.1 5 USEPA:1311/30
50/3052 

Molybdenum 
compounds 

<0.1 <0.1 <<0.1 350 USEPA:1311/30
50/3052 

Nickel compounds 0.13 0.23 0.33 20 USEPA:1311/30
50/3052 
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Table 5 Heavy metal content in the solid mass of MSW 

Regulatory limits as per HSW Rules 2016 
Source: G.S.R 395 (E)[04-04-2016] : Hazardous and Other Wastes (Management 
and Transboundary Movement) Rules, 2016 
 

 

It was observed that the value of pH is in the range of 7.4 to 7.6 for three different 

age samples. This indicates that MSW sample is slightly acidic in nature. Based on 

the leachate result, it can be concluded that MSW is non hazardous material as 

concentration of heavy metals is within the permissible limit.  

 

 

 

Heavy Metals A  
(mg/kg) 

B 
(mg/kg) 

C 
(mg/kg) 

Regulatory 
Limit 

(mg/kg) 

Test 
Methods 

Antimony & antimony 
compounds 

<1.0 <1.0 <1.0 50 
USEPA:1311
/3050/3052 

Arsenic & arsenic 
compounds 

<1.0 <1.0 <1.0 50 
USEPA:1311/

3050/3052 

Cadmium & cadmium 
compounds 

<2.0 <2.0 <2.0 50 
USEPA:1311/

3050/3052 

Mercury & mercury 
compounds 

<1.0 <1.0 <1.0 50 
USEPA:1311/

3050/3052 

Selenium &  selenium 
compounds 

<1.0 <1.0 <1.0 50 
USEPA:1311/

3050/3052 

Total chromium 
compounds 

<2.0 <2.0 <2.0 5000 
USEPA:1311/

3050/3052 

Cobalt compounds 
<2.0 <2.0 <2.0 5000 

USEPA:1311/
3050/3052 

Copper compounds 
11.6 11.6 20 5000 

USEPA:1311/
3050/3052 

Lead & lead compounds 
<2.0 <2.0 <2.0 5000 

USEPA:1311/
3050/3052 

Molybdenum compounds 
<2.0 <2.0 <2.0 5000 

USEPA:1311/
3050/3052 

Nickel compounds 
2 4 6 5000 

USEPA:1311/
3050/3052 



  

23 

 

5.0 GEOTECHNICAL CHARACTERISATION 

Based on the segregation methodology proposed, three samples of MSW passing 

80 mm of different ages are prepared in the laboratory. These materials were 

investigated for their geotechnical characteristics viz.grain size analysis, plasticity 

characteristics, compaction characteristics, shear strength, consolidation and 

permeability characteristics. The results of different geotechnical characteristics are 

discussed below; 

 

 

5.1 Grain size analysis: Dry sieve analysis and hydrometer analysis were carried 

out as per IS: 2720 (Part 4) – 1985 to determine the variation in grain size 

characteristics. Different grain sizes present in MSW of different ages are given in 

Table 6.  

                  

 Table 6. Results of grain size analysis 

Grain Size 5 Years  10 Years  15 Years  

Gravel (%) 39 38 31 

Sand (%) 32.5 30 37 

Silt (%) 24 27 27 

Clay (%) 4.5 5 5 

 

 

It is observed that the mix consists of about 70% of gravel and sand mix size with 

clay constituents of about 5%. The grain size distribution curves for MSW of different 

ages are shown in the Fig 26. The shape of different curves follows the same pattern 

as it is artificially prepared mix as per methodology shown in Fig.25. The MSW is 

concluded to be a coarse grained material with about 70% of its particles retained on  

75 micron IS sieve. The MSW can be classified as GM, i.e. silty gravel which 

indicates its suitability for embankment construction. 
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5.2 Atterberg limit test: The plasticity characteristics of different samples of MSW 

were determined as per IS: 2720 (Part 5) – 1985. The results indicated that it is non-

plastic in nature. However, the liquid limit of different samples ranged between 32-

34% indicating its medium plasticity characteristics, may be because of absorption of 

water by organic humus content present in the MSW. 

 

5.3 Free Swell Index Test: Free swell index test was carried out as per IS:2720-Part 

40. The swelling Index values ranged between 12-24% (Table 7). The values 

indicate that the MSW in general, is a low swelling material. 

   Table 7. Results of Free Swelling index test 

Sl.No. 5 Years  10 Years  15 Years  

1 24 14 12 

 

Fig. 26:- Grain size distribution curves of MSW samples 



  

25 

 

 

5.4 Proctor Modified compaction test:  Compaction characteristics of different 

samples were studied by carrying out Modified Proctor compaction tests as per IS: 

2720 (Part 8) -1983. The variation of Maximum Dry Density (MDD) with Moisture 

content is shown in the Fig. 27.  

The compaction curves are found to be flat indicating that dry density does not vary 

much with the variation in moisture content. The MDD varied in the range 16 – 16.7 

kN/m3 and OMC in the range between 14 to 17%.The material could be used for 

more than 3m height embankment as per MORTH specifications, however stability 

analysis considering prevailing site conditions needs to be carried out before 

construction. 

 

 

 

 

 

 

 

 

 

 

5.5 Direct shear test . Shear strength characteristics of different samples of MSW 

were studied as per as per IS: 2720 (Part 13)-1986. The test was carried out on 

compacted sample of size 6 cm x 6 cm x 2.5 cm at different normal stresses. The 

sample was compacted at its Optimum Moisture Content (OMC) to Maximum Dry 

Density (MDD). The sample was tested under the saturated condition. The normal 

stress varied in the range of 50 to 150 kN/m2. The sample was then sheared at the 

rate of 0.625 mm/min. The variation of shear stress with shear displacement and 

Fig. 27:-Compaction curves for different MSW samples 
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shear parameters evaluated for MSW sample (10 years old) is shown in Fig. 28 and 

29 respectively. The volumetric behaviour as shown in Figure 30 which shows 

compression and dilation behaviour similar to conventional soil. The results of Direct 

Shear Test of MSW have been summarised in the Table 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
        Fig.29:- Shear parameters of Municipal Solid Waste 

    Fig. 28:- Shear stress-displacement curves for Municipal Solid Waste  
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        Table 8:-   Results of Direct shear test for different samples of MSW 

Sl.No. 5 Years 10 Years  15 Years  

c kN/m2 Φ0 c 

kN/m2 

Φ0 c 

kN/m2 

Φ0 

1 20 35 25 28 10 38 

2 Shear displacement @failure= 2.5mm-3.5mm 

 

 

5.6 Consolidation Test: Consolidation test was carried out as per IS:2720-Part 15. 

in an Oedometer for a specimen of 60 mm diameter and 20 mm thickness under 

double drainage conditions. Remoulded samples of MSW (passing 4.75 mm sieve) 

was prepared at Maximum Dry Density and OMC. Samples were saturated for 24 

hours at an initial seating stress of 0.025 kN/m2. Seating load was maintained for 24 

hours. The specimen was then consolidated under initial stress of 5 kN/m2 and 

settlement dial gauge reading was recorded at 0, 0.25, 1, 2.25, 4, 6.25, 9, 16, 25, 36, 

    Fig. 30:- Volumetric behaviour of Municipal Solid Waste  
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49, 64, 81, 100, 121, 144, 169, 196, 225, 256, 289, 324, 361, 400, 500, 600, and 

1440 minutes or until equilibrium is reached. The procedure was repeated for 

different normal stress viz. 9.8, 19.6, 39.2, 79, 157, 314, and 628 kN/m2 and for each 

normal stress time settlement reading was recorded up to 24 hours. Fig 31 indicates 

e-log p curve as determined for MSW (10 Years).  

 

 

 

 

 

 

 

 

 

 

 

 

The value of coefficient of compression index is estimated as 0.16. The value 

indicates that MSW material is a low to medium compressible soil. Fig.32 shows 

compression of MSW with time at different normal stresses. The average value of 

coefficient of consolidation in the stress range 79-628 kN/m2 is estimated as 4.14 X 

10-6 m2/sec which is similar to that of conventional silty soils. 

 Fig. 31 e –log p curve for Municipal Solid Waste 
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     Table.9  Results of consolidation test for different samples of MSW 

Sl.No. 5 Years  10 Years  15 Years  

Cc  

m2/kN 

Cv  

m2/sec 

Cc  

m2/kN 

Cv  

m2/sec 

Cc  

m2/kN 

Cv 

m2/sec 

1 0.141 2.43*10-6 0.160 4.14*10-6 0.190 5.56*10-6 

 

 

5.7 Permeability Test 

Permeability test was carried out as per Indian standard procedure (IS 2710 Part 

17). Remoulded samples of size 100 mm diameter and 127.3 mm height in 

cylindrical mould were prepared at 95 % of MDD and OMC. Samples were first 

Fig 32. Compression-time curves for MSW 
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saturated and water was allowed to flow through the samples. Time in second was 

measured for flow of water from height h1 to h2. Permeability was determined using 

equation. 1. 











2

1
10log3.2

h

h

At

aL
k                 (1)                                        

       

Where, 

L - Length of specimen, cm 

A - Cross sectional area of specimen, cm2  

t - Time interval, sec. 

h1 - Initial head, cm 

h2 - Final head, cm 

a - Cross sectional area of stand pipe, cm2 

The results of Permeability test of different types of MSW have been 

summarised in Table 10.   

                   Table 10:- Results of permeability test 

Sl.No. Permeability, cm/s 

5 Years  10 Years  15 Years  

1 1.21 x 10-6 1.55 x 10-7 2.13 x 10-7 

 

The Permeability of  different types of the MSW varies in the range 1.55 x 10-7 to 

1.21 x 10-6 cm/s. The low value of the Permeability observed is due to presence of 

plastics, rubber etc in the MSW mix which obstructed the flow of water through the 

mix. So it is required to provide a intermediate suitable layer for the proper drainage 

of MSW embankment. Summary of geotechnical characteristics of different samples 

of Municipal Solid Wastes has been summerized in Table 11. 
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Table :- 11   Summary of Geotechnical characteristics of Municipal Solid 

Wastes (MSW) 

Property 5 Years Old 10 Years Old 15 Years Old 

Grain size analysis    

Gravel (%) 39 38 31 

Sand (%) 32.50 30 37 

Silt (%) 24 27 27 

Clay (%) 4.5 5 5 

Atterberg limit test    

Liquid limit (%) 34 33 32 

Plastic limit (%) NA NA NA 

Plasticity index NP NP NP 

Free Swell Index test    

FSI (%) 24 14 12 

Modified Proctor test    

MDD (kN/m2) 16.7 16 15.5 

OMC (%) 19 15 17 

Direct shear test  

( saturated ) 

   

c (kN/m2) 20 25 10 

 (degree) 35 28 38 

Permeability test     

Coefficient  of 

permeability (cm/sec) 

1.21 x 10-6 1.55 x 10-7 2.13 x 10-7 

Consolidation test    

Cc (m
2/kN) 0.141 0.160 0.190 

Cv (m
2/sec) 2.43X10-6 4.14X10-6 5.56X10-6 
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6.0  DESIGN OF MUNICIPAL SOLID WASTE EMBANKMENT 

The design of embankment with MSW is similar to earthen embankments. It has 

been proposed by NHAI, that the Municipal Solid Waste needs to be tried in the 

widening of NH-24 in East Delhi. The existing 6 lane is proposed to be widened to 14 

lanes.  Based on the cross section details provided by NHAI, the material could be 

effectively used in Package 1 of the project (Hazarat Nijamuddin to UP Gate) . The 

height of embankment varied in the range 2m – 4m. Typical designs have been 

suggested for 3m and 5m high MSW embankment.  

 

The Municipal Solid Waste embankment is designed as a composite structure with 

MSW in the core and a cover of good earth cover on either side. It is proposed to 

provide 2 m thick soil cover (Measured horizontally) of local non plastic Delhi silt, to prevent 

the possible erosion of MSW due to heterogeneity in the mix and to protect the local 

inhabitants from bad odour. This would also add stability to the MSW embankment. 

Two intermediate soil layers of 200 mm each compacted thickness are proposed to be 

provided for MSW embankment more than 3m height. Apart from practical feasibility this 

would provide good drainage in the MSW embankment. A 500 mm thick local Delhi soil is 

also proposed on top of the MSW embankment, which will not only acts as a top cover but 

will also form the sub-grade for pavement construction. 

 

As the MSW embankment is to be used in the widened portion (4 lanes on either side of an 

existing 6 lane road), large amount of surface water is expected to flow over the 

embankment slope and may result in its erosion. Considering this phenomenon,  a 0.3m 

thick stone pitching over a 0.2m designed filter media is proposed on the slope of the MSW 

embankment. Considering the critical condition of flood in the river Yamuna, it is also 

proposed to provide a toe retaining wall for both 3m height and 5m height MSW 

embankment. This will also prevent under cutting of the toe of the MSW embankment 

during possible flood. However towards the built up area, no toe retaining wall is required. 
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6.1 Stability analysis 

The MSW embankment of height 3 m and 5 m with side slope of 2 horizontal to 1 

vertical, was analyzed for its slope failure. The shear strength parameters (c and ), 

bulk density  (bulk), of different fill materials viz. MSW, cover soil and sub soil, as 

determined from the laboratory/field tests were used for stability analysis. The MSW 

embankment was analyzed under partially saturation, saturation up to H.F.L and 

under sudden draw down conditions. The traffic and other live loads on the top of 

embankment are considered as 24 kN/m2.  

Analysis was carried out considering with and without the seismic forces separately 

for 3m and 5m height MSW embankment and also with and without Toe retaining 

wall.  The basic seismic coefficients considered in the analysis are h= 0.05 

(horizontal) and v=0.025 (vertical) as per BIS code. Analysis was carried out using 

a computer software. Typical stability analysis for 3m & 5m MSW embankments is 

shown in Figures 33 to 36 respectively. Final cross sections for field construction is 

shown in Figures are shown in Figures 41 to 44 respectively. 

Factor of safety values determined for different heights of MSW embankments are 

shown in Table 12 and 13. It is observed that Factor of safety values for critical draw 

down conditions under seismic conditions varied in the range 1.64 to 1.79 which is 

more than the minimum value of 1.25 required as per IRC-75 specifications. 

 

Table:- 12 Factor of safety values for MSW embankment without Toe Retaining   

                Wall (Built up area) 
 

Compacted 
condition of 
embankment 

Embankment height 

3m 5m 

Without 
seismic 

With 
seismic 

Without 
seismic 

With 
seismic 

Partially saturated 2.78 2.41 2.39 2.11 

Fully saturated 2.66 2.11 2.49 1.98 

Draw Down 
Condition 

2.33 1.98 2.09 1.79 
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 Fig.34 Typical result of stability analysis for a 5m Height MSW embankment (River side) 

Fig.33 Typical result of stability analysis for a 3m Height MSW embankment (River side) 
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Fig.36 Typical result of stability analysis for a 5m Height MSW embankment (Built up area) 

     Fig.35 Typical result of stability analysis for a 3m Height MSW embankment (Built up area) 
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Table:-13 Factor of safety values for MSW embankment with Toe Retaining      

Wall (River Side) 

Compacted 

condition of 

embankment 

Embankment height 

3m 5m 

Without 

seismic 

With 

seismic 

Without 

seismic 

With 

seismic 

Partially saturated 2.66 2.33 2.05 1.89 

Fully saturated 2.28 1.95 1.98 1.70 

Draw Down 

Condition 

2.26 1.93 1.83 1.64 

 

7.0  SETTLEMENT ANALYSIS 

Prediction of total settlement is very important in the case of MSW embankment fill. 

Total settlement is estimated as sum of (1) Settlement of MSW embankment fill itself 

(2) Settlement of sub soil. In both the cases, both Primary and secondary 

consolidation settlement was considered in the analysis. In the case of determination 

of secondary settlement of MSW embankment the long term compression 

associated with creep and biodegradation was also considered. Details of 

calculations are given below.  

 

7.1 Primary Consolidation settlement 

The Primary consolidation settlement of MSW was calculated using using equation 1 

as given below. 

  

        (2) 
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S = Primary compression occurring in the layer under consideration, m 

H = Initial thickness of the MSW/subsoil layer under consideration, 3 m and 5m 

e0 = Initial void ratio of the layer, 0.85 (MSW), 0.55 (Sub soil) 

Cc = Primary compression index from consolidation test (Cc=0.16 (MSW), Cc=0.1 

(Sub soil) 

σ0 = Existing overburden pressure acting at the middle level of the embankment/ sub 

soil layer 

Δσ = increment of overburden pressure at the middle level of the layer, 24 kN/m2 

(MSW), 116 kN/m2 (Sub soil) 

 

7.2  Secondary Settlement 

Generally, it is observed that land fill settlement varies significantly depending on 

specific waste types and placement methods. The long-term compression 

associated with creep and biodegradation phenomena is expressed in terms of the 

secondary settlement/ compression index Cα in which a decrease in the void ratio 

during the secondary compression is related to the time elapsed between the initial 

time t1 and the final time t2. The MSW may decompose due to moist condition and 

may increases with time (Sowers, 1973). Secondary settlement was calculated by 

using Showers (1973) equation 3 as given below.  

            

                       (3) 

 

Ss = Secondary compression occurring in layer under consideration 

Cα= Secondary compression index = 0.04Cc for inorganic silt, 0.06 Cc for organic silt 

t1 = starting time for the long-term time period under consideration = 1 month 
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t2 = ending time for the long-term time period under consideration = 20 × 12 = 240 

months. 

H = 3m & 5m,  

e0 = 0.85 (MSW), 0.55 (Sub soil) 

 

The results of settlement analysis have been summarised in Table 14. It is observed 

that the total settlement estimated theoretically for both 3m and 5m MSW 

embankment ranges between 244 mm to 304 mm. The analysis was also carried out 

using computer software as shown in Figures 37 to 40.  The total settlement was 

estimated as 303 mm and 461 mm for 3m and 5m respectively.  

 However these settlements are much less than the allowable settlement of 300 mm 

to 600 mm considered for Road embankment. The total settlement shall be uniform 

and shall occur slowly over a period of time. 

        Table:-14 Results of Settlement analysis 

Sl. 

No 

Height of 

Embankment 

Municipal Solid Waste Sub-soil 
Total 

Settlement 

 

 

 

mm 

Primary 

Consolidation 

Settlement  

mm 

Secondary 

Consolidation 

Settlement 

mm 

Primary 

Consolidation 

Settlement 

mm 

1 3m 71 37 136 244 

2 5m 79 52 173 304 
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Final Cross sections for field construction for 3m & 5m high embankment for both 

River side and Built up area are shown in Figures 41 to 44. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37: Settlement profile of sub soil for  3m MSW embankment   

 

Fig.38 Setlement profile of 3m MSW embankment compression fill 
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Fig.40: Settlement profile for 5m  MSW embankment compression fil  

 

 
Fig.39: Settlement profile of sub soil for 5m MSW embankment  

 



  

41 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 41 Cross –section for construction of 3m Height MSW embankment (Built up Area) 
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Fig. 42 Cross –section for construction of 3m Height MSW embankment (River side) 
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Fig. 43 Cross –section for construction of 5m Height MSW embankment (Built up area) 
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Fig. 44 Cross –section for construction of 5m Height MSW embankment (River side) 
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8 .CONCLUSIONS 

A detailed study was carried out to investigate the possibility of utilizing the Municipal 

Solid Waste (MSW) collected from Ghazipur, East Delhi as an embankment fill 

material. The MSW is proposed to be utilized in the widening of NH-24 from 4 lane to 

16 lane.  About 200 tons of Municipal Solid Waste was collected from Ghazipur and 

was segregated into different sizes in the existing compost plant. The different 

fractions were studied for their suitability for use in embankment construction. A 

segregation methodology is proposed in the study. The segregated MSW is then 

characterised for its Geotechnical characteristics. Design cross-sections were 

arrived at for 3m and 5m height MSW embankments based on detailed stability 

analysis. Settlement analysis was also carried out to investigate its feasibility for 

embankment construction. Conclusions drawn from the study are summerized 

below; 

 

1. About 65-75% of segregated Municipal Solid wastes can be used for 

embankment construction. 

 

2. Other than soil, plastics and textiles were observed to be major constituents in 

different segregated MSW (The percentage content of metals, wood, paper, 

rubber, glass is observed to be less than 1% in different segregated MSW ).  

There is no variation in the soil content or other constituents with the age of 

the MSW. 

 

3. Leachate studies indicate that MSW is a non hazardous material as 

concentration of heavy metals is within the permissible limit.  

 

4. The fraction passing 16mm sieve shows a minimal amount of plastics.  

Considering the higher percentage of this material in the MSW (44-48%), and 

the fact that its MDD satisfying the MORTH specification, this fraction can be 

directly used for embankment construction. This should be mixed with 

material retained on 37.5mm and 16mm after air blowing (at plant) to get the 

final material for use in embankment construction. 
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5. The final MSW selected for embankment construction is a non plastic, non 

swelling coarse grained material and classified as GM,i.e a silty gravel 

material.  

 
6. The angle of shearing resistance values of MSW ranged between  280 and 

35o indicating its suitability for embankment construction. 

 

7. The Permeability of the different types of  MSW varies in the range 1.55 x 10-9 

to 1.21 x 10-8 m/s. The low value of the permeability observed may be 

because of presence of plastics, and rubber in the MSW mix which obstructs 

the flow of water through the mix. 

 

8. The value of compression index ranged between 0.14 and 0.19 indicating a 

low to medium compressible soil. The average value of coefficient of 

consolidation in the stress range of 79-628 kN/m2 is estimated as 4.14 X 10-6 

m2/sec which is similar to that of conventional silty soils. 

 

9. Total settlement for 3m and 5 m MSW  embankment including primary and 

secondary consolidation 244 mm and 304 mm respectively. However these 

settlements are much less than the allowable settlement of 300 mm to 600 

mm considered for Road embankment. The total settlement shall be uniform 

and shall occur slowly over a period of time. 

 

10. Stability analysis indicated factor of safety values for critical draw down 

conditions under seismic conditions in the range 1.64 to 1.79 which is more 

than the minimum value of 1.25 required as per IRC-75 specifications 
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9. RECOMMENDATION 

1. Though the study indicated feasibility of segregated MSW wastes for 

embankment construction, construction of an experimental test track, 

instrumentation and performance monitoring for a minimum period of 2 years 

is needed to arrive at conclusions, before recommending the same for large 

scale field applications. 

 

2. During construction in the field, it is suggested that necessary safety 

measures shall be adopted for the staff engaged in construction as per IRC 

and other relevant standards.  
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