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ABSTRACT 

The aim of this paper is to explore the use of construction and demolition (C&D) waste to 

capture carbon dioxide, generated inside the landfill as byproduct of biodegradation of solid 

waste. Theoretical estimation have been made of the total amount of C&D waste required to 

capture CO2 generated through the biodegradation of one ton of Municipal Solid Waste of 

Indian characteristics, which estimates average volume of C&D waste required is 0.1794m
3.
 An 

economic analysis has also been done which revels a net profit of Rs. 56.76 worth carbon credit 

for one tonne of MSW (with application of factor of safety and neglecting transpotation cost )for 

a conventional landfill . 

1. INTRODUCTION 

Industrial reforms in Asia, Europe and South American countries in last one decade reflected 

abnormal rise in greenhouse gases, especially of carbon dioxide and methane. The harmful effects 

of presence of greenhouse gasses in atmosphere are global warming, climate change, ozone 

depletion, sea level rise, adverse effects on biodiversity etc.The sustained rise of greenhouse gases 

along with El Nino and La Nina conditions, the earth is experiencing warming effects 

A number of human activities, processes and consumptions, produce waste gasses or greenhouse 

gasses that are harmful to the environment among them Solid waste disposal on land is one of the 

chief sources of these gasses especially in India where population increases exponentially. Some of 

the reasons for this population explosion are poverty, better medical facilities, and immigration 

from the neighboring countries of Bangladesh and Nepal. The population density of India in 1996 

was about287 persons per square kilometer (Encyclopedia Britannica, Internet). The population in 

India continues to increase at an alarming rate. Among many one of the negative effects of this is 

rise in the quantity of solid waste hence increase in emission of Green house gasses as byproduct of 

their biodegradation. 

After all the treatment technology option for municipal solid waste, sanitary land filling is the final 

and ultimate disposal method of municipal solid waste. Landfill have served as ultimate waste 
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receptors for municipal refuse, industrial or agricultural residue, wastewater sludge, incinerator ash, 

recycle discards, and/or treated hazardous waste. The sanitary landfill has proved to be the most 

economical and acceptable method for disposal (Khajuria et al., 2008). A sanitary landfill is a 

carefully constructed space on the ground to store waste, as it gradually breaks down into 

chemically inactive material. The landfill is filled by the garbage and it’s also covered by clean 

layer of soil. These actions make landfill a safe place to bury garbage but in future, such waste 

disposal will demand a wide large land area for landfill disposal purpose. Land is considered 

greatest among the other natural resources.  

According to the report “Real Estate Construction- India” The current size of the real estate 

construction industry in India is estimated to be approximately US$44 billion. The industry is 

expected to witness an annual average growth rate of approximately 26 percent till 

2014.Construction and demolition waste is generated whenever any construction/demolition 

activity takes place such as building roads, bridges, fly over, subway, remodeling etc. It consists 

mostly of inert and non-biodegradable material such as concrete, plaster, metal, wood, plastics etc. 

A part of this waste comes to the municipal stream. These wastes are heavy, having high density, 

often bulky and occupy considerable storage space either on the road or communal waste 

bin/container. It is not uncommon to see huge piles of such waste, which is heavy as well, stacked 

on roads especially in large projects, resulting in traffic congestion and disruption. Waste from 

small generators like individual house construction or demolition, find its way into the nearby 

municipal bin/vat/waste storage depots, making the municipal waste heavy and degrading its 

quality for further treatment like composting or energy recovery. Often it finds its way into surface 

drains, choking them. Itconstitutes about 10-20 % of the municipal solid waste excluding large 

construction projects). It is estimated that the construction industry in India generates about 10-12 

million tons of waste annually.As India is one of the fast developing country where cities are 

growing very fast with improving their infrastructure as land islimited, improvement in 

infrastructure is carried out by demolishing the previous or obsolete one which leads to generation 

of more and more construction &demolition (C&D) waste and the proper disposal of this huge 

quantity of C&D waste is itself a problem. 

As we are facing two problems simultaneously the one emission of carbon dioxide, a chief 

Greenhouse gas, in atmosphere through biodegradation of huge quantity of Solid waste which is 

increasing rapidly and the second one is the proper disposal of huge amount of C&D waste. If we 

think wisely we will find both of them are complementary to each other as one is the solution of the 

others. It is experimentally proved that among many alkaline waste C&D waste is one of the 

potential source for landfill CO2 sequestration. So if we can use judiously these C&D waste inside 

the landfill along with soil as covering layer of each cell or around the vent pipe, used for capturing 
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landfill gas, we would kill two birds by one stone i.e.we can sequester CO2 inside the landfill by 

C&D waste and have the proper utilization of these resources whose proper disposal is itself a 

burning problem.A lot of work has been done to capture methane from the landfill but still none of 

work has been done to capture the CO2(40% to60% of total landfill gas)generated from the landfill. 

In India still there in no regulation of CO2 emission control but according to Kyoto Protocol there is 

an urgent need to frame such regulation.Thus this novel idea or research will help us in moving one 

step forward in this direction. 

Carbon sequestration describes long-term storage of carbon dioxideor other forms of carbonto 

either mitigate or defer global warming and avoid dangerous climate change.The chief 

methodologies through which we can sequestrate CO2 are: (1).Geological sequestration:It involves 

injecting carbon dioxide directly into underground geological formations. Declining oil fields, 

saline aquifersandunminablecoal seams have been suggested as storage sites. (2). Ocean-based 

sequestration:Another proposed form of carbon sequestration in the ocean is direct injection. In 

this method, carbon dioxide is pumped directly into the water at depth, and expected to form 

"lakes" of liquid CO2 at the bottom. The liquid CO2 reacts to form solid CO2clathrate hydrates, 

which gradually dissolve in the surrounding waters. (3)Mineral Sequestration:Mineral 

sequestration aims to trap carbon in the form of solid carbonate salts. This process occurs slowly in 

nature and is responsible for the deposition and accumulation of limestone over geologic time.  

2. LITERATURE REVIEW 

A lot of work has been done on Carbon sequestration by various scientists such 

asHuijgen&Comans (2005) have introduce the use of solid residues as an alternative feedstock for 

mineral carbon sequestration .They find out that that C&D-waste, steel slag and MSWI (municipal 

solid waste Incinerator) bottom ash has high potential of CO2 sequestration. Uibu&Kuusik(2009) 

have studied the behavior of lime as the key component of ash in various conditions was studied 

and the mechanism of process deceleration was proposedMineral CO2 Sequestration in alkaline 

solidresidueswas carried out by Huijgen et al, (2004). In this work they have shown that 

carbonation of steel slag is possible at relatively mild conditions. 

Mineral sequestration studies were pioneered by Seifritz(1990) and further researchwas conducted 

by Dunsmore (1992). Carbonation reaction could be achieved byvarious pathways like 

underground injection method (Gunter et al, 1993) mineral derived Mg (OH)2 process (Lackner et 

al, 1995) aqueous phase reaction (Kojima et al, 1997) and carbonic acid pathway(O’Connor et al, 

2000).Huijgen&Comans(2003)has studied theCarbon dioxide sequestration by mineral 

carbonationand found that the mineral CO2 sequestrationtechnology seems to be an attractive and 

achievable option for carbon dioxide storage.Mineral carbonation process involves bringing in 
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contact high concentration of CO2 with metaloxides

(Seifritz, 1990; Lackner et al, 1995). Carbonationreactions have been investigated widely in 

alkaline waste material, showing potentially a feasibleoption to decrease the CO2 emissions in the 

atmosphere (Bertos et al, 2004; Huijgen et al, 2005).

carbonation: stability against acid rain exposure is done by 

sinks against acid rain and other sources of strong acids is examined and it is

the presence of strong acid, carbonates will dissolve and release carbon dioxide. 

of CO2 Sequestration by Mineral Carbonationis carried out by 

cost of sequestering CO2 produced by a ZEC 

sequestration process 

CO2 Sequestration Potential of Construction and Demolition Alkaline Waste Material in Indian 

Perspective is done by Gupta et al (2011), they demonstrated the evaluation of CO

potential of C&D waste.According to their result C&D waste could be an attractive and potential 

method to reduce the CO2 emissions in the atmosphere. Their experimentation investigation forms 

the first feasibility study to demonstrate that degree of carbonation achievable in C&D waste, for 

16hr at w/s ratio of 0.4 is 38.44%. This confirms the possibility for utilization of C&D waste for 

future mitigation of CO2. Thus it seems that the use of C&D waste holds promising for 

sequestration of CO2 by carbonation reaction as it does not find economical importance in 

construction industry. 

3. METHODOLOGY 
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with metaloxides, resulting in formation of stable carbonates 

(Seifritz, 1990; Lackner et al, 1995). Carbonationreactions have been investigated widely in 

alkaline waste material, showing potentially a feasibleoption to decrease the CO2 emissions in the 

et al, 2004; Huijgen et al, 2005).The work on Sequestering CO2 by mineral 

carbonation: stability against acid rain exposure is done by they showed the stability of such carbon 

sinks against acid rain and other sources of strong acids is examined and it is acknowledged that in 

the presence of strong acid, carbonates will dissolve and release carbon dioxide. Cost Assessment 

of CO2 Sequestration by Mineral Carbonationis carried out by Yeboah (2006) they assesses the 

cost of sequestering CO2 produced by a ZEC (zero emission coal) power plant using solid 
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future mitigation of CO2. Thus it seems that the use of C&D waste holds promising for 
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In this section of the project, we try to estimate the amount of carbon dioxide that is released from 

the landfills and how can C&D waste be used for the sequestration of this CO₂ and thus preventing 

it from being released into the atmosphere.The methodology is divided into the following subparts 

which are represented in the form of a flow chart. 

3.1How to estimate CO₂₂₂₂ released from landfills- 

There are various models in use for the estimation and calculation of the amount of CO₂ that is 

released from the landfills. Two of the most accurate and commonly used models are the 

following- 

1. First Order Decay Model 

2. Default Method 

LandGEM Model- Landgem is a model developed and made available by US-EPA (2010). It is a 

first order decay model with separate decay values for k conventional regions  

3.1.1First Order Decay Model- 

DOCf= Fraction DOC dissimilated. It is a portionof DOC that is converted to LFG. Theestimates 

are based on a theoretical modelthat varies only with the temperature in theanaerobic zone of a 

landfill site. The modelis described as 0.014T+0.28, whereT=temperature in degree centigrade 

(Tabasaran, IPCCdocument 1996). It is assumed that temperatureremains constant at 35ᵒC in 

theanaerobic zone of the landfill. The value isthus computed as 0.77 and adopted.F= Fraction of 

methane in LFG (default is0.5). The fraction of methane in LFG isassumed 0.5 as default value and 

adoptedThus calculating the above values and modifying the Land GEM according to our data 

solves the purpose and fits the Land GEM model according the Indian MSW configuration. 

3.1.1.1Default Method- 

The default method is based on the following equation- Methane emissions (Gg/yr) = (MSWT x 

MSWF x MCF x DOC x DOCFx F) x (16/12-R) x (1-OX)Where, MSWT : total MSW generated 

(Gg/yr)MSWF : fraction of MSW disposed to solid waste disposal sitesMCF : methane correction 

factor (fraction)DOC : degradable organic carbon (fraction) (kg C/ kg SW)DOCF : fraction DOC 

dissimilatedF : fraction of CH4 in landfill gas (IPCC default is 0.5)16/12 : conversion of C to 

CH4R : recovered CH4 (Gg/yr)OX : oxidation factor (fraction – IPCC default is 0)It is to be noted 

that in a conventional landfill, the amount of methane generated isapproximately 47.4% and the 

amount of Carbon dioxide generated is 47% and hence theamount of CO₂ liberated can be assumed 

equal to that of CH₄ and can be calculated by the above model. 
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3.1.2Quantity of CO₂ liberated with respect to time- 

It is very important in the case of landfill to calculate the amount of CO₂ that is liberated peryear as 

the degradation of the MSW takes place in the landfill. Of the following rate graphs presented, in 

our project we concentrate on a hybrid of the Sheldon Arleta Model and the Emcon MGM 

model.The constant rate model has been ruled out because the rate of CO₂ emission is not 

reportedto be constant in the case of landfills. Moreover, the Scholl Canyon model assumes that 

theCO₂ emission decreases exponentially. Whereas in our study, we find thatthe CO₂ emission rate 

gradually increases and reaches a peak at about 6years from the time of placement and then starts 

to decrease. Hence, theabove mentioned models, i.e. Sheldon Arleta and Emcon MGM Models are 

consistent with this approachIt is seen that the amount of Carbon dioxide released from the landfill 

first rises exponentially and after reaching a peak value, starts decreasing. Hence it is important to 

keep in mind this variation in the amount of CO₂ released with time while designing the landfill 

and calculating the amount of alkaline waste material that is required to sequester the released 

amount of CO₂. 

3.2 CO₂ Sequestration by C&D waste  

When the released CO₂ comes in contact with the C&D waste, the following reactions take place 

leading to the formation of Calcium and Magnesium Carbonates and thereby trapping the released 

CO₂. 

(1) (Mg, Ca)xSiyOx+2y+zH2z + xCO2 →��x(Mg, Ca)CO3 + ySiO2 +zH2O 

(2)1/3 Mg3Si2O5(OH)4 + CO2 →�MgCO3 + 2/3 SiO2 + 2/3 H2O + 64 kJ/mol 

(3) 1/2 Mg2SiO4 + CO2→ �MgCO3 + 1/2 SiO2+ 90 KJ/mole 

The above equations represent how CO₂ reacts with C&D waste and gets sequestered by getting 

converted into Carbonate. The composition and exact chemical formula of C&D waste depends on 

the composition of the waste and varies from place to place.A more simplified mechanism of the 

reaction of Alkaline waste with CO₂ can be represented in the form the following two equations 

(Huijgen and Comans, 2005) 

(1) Calcium Silicates:CaSiO₃ + CO₂→ CaCO₃ + H₂O  

(2) Portlandite: Ca (OH) ₂ + CO₂→ CaCO₃ + H₂O 

Studies on the extent of Carbonation by C&D waste have already been carried out (Gupta and 

Nema, 2012) and the shows the potential of sequestration of various alkaline wastes as- 
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Table:-1CO2 sequestration potential (%) presented as the mass of CO2 that can be 

sequestered per dry mass of waste Source:-(Gupta andNema, 2012 ) 

   Alkaline waste CO2 Sequestration Potential (%) 

Fresh Raw ESP Dust 31.26 

Marble Dust 31.59 

Hospital Incineration Ash 17.76 

Fly Ash 5.73 

Limestone mine Soil 26.25 

Bag House Dust 28.13 

Construction & Demolition Waste 23.62 

Landfill Soil 11.57 

Mill Dust 26.50 

Cement Bag Filter Dust 30.25 

Raw Mill Filter Dust 25.94 

3.3 Modification of the Landfill- 

The overview of the landfill after covering each unit of Municipal Solid Waste (MSW) by a layer 

of alkaline waste material and how it would modify the landfill is represented in the following 

diagram- 

 

Fig:-1. The cross section of the above landfill is magnified and shown in the diagram below- 
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Fig-2.Calculation of the amount of CO₂₂₂₂ generated by 1 ton of MSW- 

The calculation of the amount of CO₂ that is generated by 1 ton of MSW is done using both the 

aforementioned methods, i.e. the First order decay analysis and the Default method after making 

suitable changes in the calculation parameters which are suited to Indian conditions 

First of all we calculate the DOCf in India using data of various years. (Using Composition of 

MSW reports published by CPCB for these years.) 

DOCf = 0.4A + 0.17B + 0.15C + 0.3DWe get,  

For 1971-73,  DOCf=[0.4*(4.14+3.83) + 0.15 * 41.24] /100= 0.9374 

For 1982-85,  DOCf= 0.9567 

For 1995-97,  DOCf= [0.4*(5.78 + 3.50) + 0.15 * 41.80]/100= 0.9982 

For 2009-10,  DOCf = [0.4* 14.58 + 0.17 * 8.1 + 0.15 * 40 + 0.3 * 2.5]/100 = 0.14047 

Taking average of above values, DOCf = 0.107425Using Default Method, [Where, MSWT : total 

MSW generated (Gg/yr), MSWF : fraction of MSW disposed to solid waste disposal sites, MCF: 

methane correction factor (fraction), DOC : degradable organic carbon (fraction) (kg C/ kg SW), 

DOCF : fraction DOC dissimilatedF : fraction of CH4 in landfill gas (IPCC default is 0.5), 16/12 : 

conversion of C to CH4, R : recovered CH4 (Gg/yr)OX : oxidation factor (fraction – IPCC default 

is 0)] 

Amount of CO₂₂₂₂ liberated = (MSWT ● MSWF ● MCF ● DOC ● DOCF ● F) ● (16/12-R) ● (1-

OX)= 1 * 1 * 0.6 *  
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0.77 * 0.1074 * 16/12 * 1 = 0.06615 ton 

Amount of C&D Waste required to sequester the CO₂₂₂₂ = 0.06615 *(100/ 23.620) 

ton(Sequestration Potential = 23.62)= 0.2801 ton 

Volume of C&D Waste required = 0.2801 / 2.54 m³ = 0.11027 m³ 

(Average Bulk Density of C&D Waste = 2.54 tonnes/m³ )Using Land GEM Model,  

The amount of CO₂ liberated can be calculated using the Land GEM model as discussed earlier. 

The basic first order equation that the Land GEM uses is- 

 

Where,  

QCH4 = annual methane generation in the year of the calculation (m3/year) 

i = 1-year time increment,  Mi = mass of waste accepted in the ith year 

(Mg)  

n = (year of the calculation) - (initial year of 

waste acceptance) 

tij = age of the jth section of waste mass Mi 

accepted in the ithyear 

j = 0.1-year time increment 

k = methane generation rate (year-1) 

Lo = potential methane generation capacity (m3/Mg) 

The amount of CO₂ liberated is approximately equal to that of methane and can be calculated using 

above formula. 

Amount of CO₂₂₂₂ liberated= 0.14909 ton 

Amount of C&D Waste required to sequester the CO₂₂₂₂ = 0.14909 * (100 / 23.62) ton 

  ( Sequestration Potential = 23.62) 

   = 0.6312 ton 

Volume of C&D Waste required = 0.6312 / 2.54 m³ = 0.2485 m³ 

( Average Bulk Density of C&D Waste = 2.54 tonnes/m³ ) 



Carbon Sequestration within Landfill by Alkaline Waste: An Innovative Exploration 

Environmental Sustainability:  
Concepts, Principles, Evidences and Innovations - ISBN: 978-93-83083-75-6 233 

 



Poonam Kumari, Dhruv Gaur and Arvind Kumar Nema 

Environmental Sustainability:  
Concepts, Principles, Evidences and Innovations - ISBN: 978-93-83083-75-6 234 

The report obtained from the LandGEM Model is given below- 
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4. ECONOMIC ANALYSIS 

This section presents the overall economic analysis of the process of using C&D waste for Carbon 

dioxide Sequestration. This is done by calculating the total cost of earthwork and transportation 

required for carrying the C&D waste to the landfill site. (Ref. Delhi Schedule of Rates- 2012, 

CPWD- New Delhi) 

Earthwork filling rates- Rs. 87.6 / m³ of C&D wasteTransportation Charges- Rs. 12 / m³ / km 

Taking average value of the volume of C&D waste required as calculated by the two methods, we 

have-Volume of C&D waste required = 0.1794 m³Hence earthwork filling rate = Rs. 87.6 * 

0.1794= Rs. 15.715Transportation charges for carrying the C&D waste for 15 km (Value chosen 

keeping in mind average distance travelled in Metropolitan cities like Delhi) = Rs. 12 * 0.1794 * 

15= Rs. 32.29Total cost incurred = Rs. 48.01Value of 1 carbon credit in Indian Rupees = Rs. 

535.55Hence, Value gained by sequestration of 0.15 ton of CO₂ = Rs. 80.33Hence, Net Profit per 

ton of MSW = Rs. 32.32Moreover, the transportation charges can be neglected as already the C&D 

waste has to be carried to some other place even if it is not used for carbon dioxide sequestration in 

the landfill. Hence, Net Profit per ton of MSW (Neglecting transportation cost)=Rs. 64.62Some 

part of the C&D waste may also remain unreacted with the CO₂ and as a precaution, we include a 

Factor Of Safety in our calculation of 1.5Hence, total volume of C&D waste required applying 

factor of safety = 0.1794 * 1.5 m= 0.2691 m³Earth filling rate (after applying factor of safety) = Rs. 

87.6 * 0.2691 = Rs. 23.57 

Hence, Net Profit per ton of MSW (Applying factor of safety and neglecting transportation ) = 

Rs.56.76 

The monetary benefits become even more significant when we talk about the total amount of CO₂ 

sequestration in daily scenario. The MSW deposited approximately 6 years before would at the 

present time give its peak of CO₂ emission according the rate of CO₂ emission model discussed 

previously.  

We find that about 6 years before that is in 2005, daily amount of MSW generated in 

metropolitan cities (reference Delhi) was about 5, 922 tonnes (Ref.CPCB, with the assistance of 

National Environmental Engineering Research Institute (NEERI)) . We assume that on an average 

even if about 70% of this MSW is subjected to landfill decomposition, then the daily profit 

produced today would be- 

Hence, Net Profit per day = Rs. 2, 35, 293 

As the above calculations suggest, we conclude that, Overall, the total capital saved exceeds 

the capital investment made and hence a net profit is obtained. 
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5. SUMMARY AND CONCLUSIONS 

Calculation of the amount of CO2 released during the decomposition of one Ton of Municipal Solid 

Waste of Indian characteristics have been done by both Default model and Land Gem model and 

.06615 ton & .14909 ton of CO2 was calculated by respective models, then the amount of 

Construction & Demolition waste required to sequester these amount of CO2 is done which 

estimated 0.11027m3 and 0.2485m3 of C&D wastefor different value of CO2, calculated by different 

models .After that an Economic analysis is done, taking the average value of both the values of 

C&D waste and found Net Profit per ton of MSW (Applying factor of safety and neglecting 

transportation cost of C&D )= Rs.56.76 worth carbon credit .The monetary benefits become even 

more significant when we calculated the total amount of CO₂ sequestration in daily scenario. The 

MSW deposited approximately 6 years before would at the present time give its peak of CO₂ 

emission according the rate of CO₂ emission model. Hence taking the data of MSW generated in 

2005, the calculated Net Profit per day(Applying factor of safety and neglecting transportation 

costof C&D ) =Rs. 2, 35, 293which is really a surprising amount and force us to think about that. 

Through this paper an effort have been made to draw the attention of people in searching the 

solution, within the problem. A lot of work have been done to capture the CH4 releases through 

landfill but none of work still is carried out to capture the approx equal amount of CO2 released 

through the same source, this paper explores the possibilities of research in this direction which 

would not only be an innovative technique to mitigate the global warming but would also be a 

source earning handsome Carbon Credits.  
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