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Abstract
Judicious use of exhaustible mineral resources is essential for sustainable development. Mining has both positive and negative effects on the economy. It generates revenue, employment and foreign exchange. The negative consequences of mining are the resources depletion, deforestation, air pollution, soil erosion, etc. Considering both positive and negative results from mining, national accounts should be constructed. The prevailing national accounting system does not account the negative effect of mining on environment. In this paper, I try to measure the value of depletion of coal in India using User’s Cost approach. I estimate the environmental cost by calculating the value of carbon dioxide emitted to the environment due to coal mining. Depletion cost has been zero for all the years taken in consideration because of high reserve of coal in India. Environmental cost varies from 41. 37 rupees to 58 rupees per ton of coal production. I adjust the Gross Value Added (GVA) from mining and quarrying by the environmental cost to get the environmentally adjusted national account. 
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1. Introduction

National Accounts, which systematically account for economic activities, are essential to evaluate the economy and formulate policies for economic growth. To measure national accounts, the United Nations’ System of National Accounts (SNA, hereafter) gives the structure that is followed across countries to maintain uniformity and comparability. This conventional measure of national accounts is being challenged, particularly after the Brundtland commission report on sustainable development, due to its negligence towards environmental aspects of the economic activities. Human economic activities have environmental consequences such as pollution, natural resource depletion, destruction of biodiversity, etc. These are the environmental costs we have to bear for our economic activities. UNSNA does not consider these costs in the national accounts measurement process. 
Non-accounting of environmental costs in national accounts raises several questions. Is present SNA helpful for maintaining sustainable economic development? If not, how can it be corrected to reflect the environmental aspects? Do we need a complete reconfiguration of national accounts? What can be the result of the faulty calculation of economic activities? 
National income accounting was devised in the 1930s to govern macroeconomic policies. Gross Domestic Product (GDP) is defined as the value of the flow of goods and services produced in a financial year in the accounting system. It is used to compare the performance of economies. Net domestic product is calculated by deducting the value of the depreciation of physical capital from GDP. According to Weitzman (1976), net national product, i.e., GNP- Depreciation of physical capital, is the best measurement of the economy.
Nevertheless, it was realized later that these indicators lack the environmental elements of the economy. Environmental assets are ignored in the accounting system (Padhan and Das, 2021). Non-inclusion of the environment in national accounting happens in two ways. Firstly, non-inclusion of the value of goods and services provided by nature (Hueting, 1987), and secondly, not considering the depletion of natural capital (Elsarafy, 1989). The accounting process should consider the degradation of natural resources (Bartelmus and Tongeren, 1994). 
Common and Sanyal (1998) argue that we need to have environmentally adjusted accounts to make policy for sustainable development. These accounts would lead us to understand the path of sustainability. Policies made using accounts that do not adjust the harmful effects of economic activities on the environment lead to unsustainability (Santos and Zaratan, 1997). Green GDP reflects both the economic and environmental conditions of the countries (Xu et al., 2010). Environmental accounting is necessary to guide policymakers to utilize the resources and protect the environment adequately. Dasgupta(2013) explains that the calculation of GDP is necessary but not sufficient to understand the welfare of the people. 
To overcome this limitation in GDP measurement United Nations has initiated bringing alternative measurements. Handbook of Integrated Environmental and Economic Accounting was introduced in the 1993by United Nations. The latest version of the handbook, System of Environmental-Economic Accounting 2012_Central Framework (UNSEEA), provides an alternative measurement of national accounts that incorporate the environment (UN, 2014).  
UNSEEA Central Framework classifies environmental assets into seven categories. These environmental assets are mineral and energy resources, land, soil, timber, aquatic, other biological, and water resources.   
In this paper, I try to estimate the value of the depletion of coal resources and the environmental cost of coal mining in India and adjust it with the national accounts.

2. National Account System in India

The Central Statistical Office (CSO) of the Ministry of Statistics and Programme Implementation, India, constructs the national accounts for India and publishes them annually. It follows the production method to calculate the national income. Like SNA, we can see in the following box that CSO, India considers only the consumption of physical capital in measuring NDP.    

	 Method for NDP Calculation by CSO, India:

Gross Value Added (GVA) at Factor Cost = Output – Intermediate Consumption

Gross Domestic Product (GDP) at Factor Cost = Sum of GVA at Factor Cost.

 GDP at Market Prices = GDP at Factor Cost
                                      + (Taxes-subsidies) on production and export/import
                                       
                                       = final consumption expenditures
                                        + Changes in inventories
                                         + Gross fixed capital formation
                                         + Acquisition less disposals of valuables
                                         + (Export of goods and services- imports of goods and services)

                                        = Compensation of employees
                                         + Operating surplus/mixed income
                                         + Consumption of Fixed Capital (CFC)
                                         + (Taxes-Subsidies) on production and export/import

Net Domestic Product at Factor Cost/Market Price= GDP at Factor Cost/Market Price - CFC



Source: Central Statistical Office of India.

“Consumption of Fixed Capital (CFC) is defined as the decline, during the accounting period, in the current value of the stock of fixed assets owned and used by a producer as a result of physical deterioration, normal obsolescence or normal accidental damage”(Das; Padhan; and Sahoo, 2021). CFC here in the calculation of NDP represents only the consumption of physical capital. However, we also use natural capital in different forms during the production process. Due to this, nonrenewable natural resources get depleted. Overall accounting process by CSO, India ignores the depletion of natural resources. This exclusion of depletion of natural capital in NDP estimation leads to overestimation. Natural resources contribute a lot to the economy. Furthermore, the policies made from the national accounts that do not integrate degradation of the environment and depletion of natural resources encourage the unsustainable use of nonrenewable resources (TERI, 2006). 
 Understanding the interaction between the economy and the environment is essential for policy decisions regarding sustainable development. Impact of human activities on environment and climate is one of the major policy issues in contemporary period. On the other hand, economic growth of economies is highly dependent on the benefits deriving from the environment (SEEA, 2014). But the contributions of environment to the economic growth and human welfare have been ignored in national account system. Environmental costs resulting from human activities have not been accounted. National Accounts of a country which are measures of economic activities should incorporate the environmental benefits and cost. The System of National Accounts of United Nations prevalent and followed across the economies does not integrate the environmental aspects of an economy. To consider the value of environment and environmental costs in accounting system of the economy, United Nations developed a framework for all countries called Integrated Environmental and Economic Accounting (SEEA) in 1993. 
3. Literature Review

Epstein (1996) discusses the integration of environmental cost into total cost of production and management of cost at company level. This paper develops a life-cycle costing or full environmental cost accounting model. Corporate environmental performance can be judged through the full environmental cost. Three types of costs should be included in product cost. These costs are current costs for past sins, current costs for current sins and future costs for current sins. Life cycle assessment and life cycle costing help in understanding the environmental effects of production carried by corporates. He argues that the companies that are not integrating the environmental impact in their business model are going to face increasing cost, loss of potential revenue earnings, and loss of competitive advantage. Hence, environmental cost accounting and incorporating in the decision making is beneficial for private companies as well.
Santos and Zaratan (1997) criticize the system of national account which fails to capture the adverse effect of extraction of non-renewable mineral resources. They calculate the depletion cost of gold and copper mining industry in Philippine from 1980 to 1990 using El Sarafy’s user cost method. In copper industry the user cost varies from P 9 to P 136 million per year at the discount rate of 5%. The paper shows that greater the the rate of discount lesser would be the vale user cost. So, from the perspective of sustainable development we should use the samller discount rate to take care of the future generation.
Common and Sanyal (1998) argues that environmentally adjusted national accounts are required to judge whether our economic behavior is in accordance with the sustainability. For this we have to value the depreciation of natural resources in the economy. The authors have calculated the value of the depreciation of non-renewable resources in Australia from 1979 to 1995. They have used different methods like El Sarafy approach, Net Price and Net Present Value method to compare the depreciation values in Australia. It is commented that to get robust measure of depreciation is difficult and the depreciation value should be taken skeptically. This paper also raises question on the meaning and relevance of the resource accounting. 
Turner and Tschirhart (1999) defines the gap between societal welfare and GDP as the welfare gap. We by default consider GDP as the welfare measurement. Non-marketed value of natural resource flow is not accounted in GDP. The paper criticizes the growth model which considers only the income growth instead of welfare measure. In the model, the authors give emphasis on the natural amenities and natural capital. 
Martinez-Alier (2001)  argues that environmental externalities must be considered as part of the economy. Ecological distribution conflicts arises from the appropriation of resources and production of waste in the society. Martinez links the externalities with environmental justice movement around the world. There is a need of valuation of environmental costs such as loss of biodiversity, damage to human livelihood, etc. He discusses the international environmental liability of mining corporations.
Gundimeda et al. (2005) estimates the value of agricultural cropland and pastureland in India. They have assessed the costs of soil erosion, sedimentation and land degradation. Then NSDP was adjusted by monetary value of depletion and degradation to get ESDP.
Cairns (2006) says that environmental accounting is an important instrument in social decision making in the country. He discusses the incorporation of both environmental benefit and cost into the economic accounting process. Green accounting helps in sustainable development policy formulation. 
TERI(2006) uses the user cost approach to measure the depletion cost of coal mining in the states of Madhya Pradesh and West Bengal in India. The report adjust the mining state domestic product (SDP) with depletion cost. In the year 2001-02, the share of user cost was 2.5% of mining SDP in Madhya Pradesh at 6% discount rate. For the state of West Bengal it was 0.1%.
A study by Gundimeda et al. (2006) attempts to give value to the bio-diversity functions of India’s natural ecosystem. The authors have calculated the bio-prospecting values, ecotourism values and non-use values of forests in India. Loss/gain of these values has been adjusted to Net State Domestic Product (NSDP) to get Environmentally Adjusted State Domestic Product (ESDP). 
Figueroa, et. al. (2010) measure the actual income from the metal mining sector in Peru. They use Hotteling rent approach to calculate the depletion of mineral resources. Environmental degradation cost is estimated. Both the costs are adjusted to get the green accounts. They find that the total loss due to mining ranges from 2% to 4.9% of Peru’s GD and 31% to 51% of Peru’s metal mining GDP. Conventional national accounts overestimate the income of the economy. 
XU, YU, and YUE (2010) measure the green GDP of Wuyishan city of China. There are two ways of calculating green GDP. First type of accounting deducts the cost of environmental pollution and resources depletion from the conventional GDP. Second, we can value the services provided by ecosystem and add it to the traditional GDP. Measuring the ecological cost of economic activity is essential to maintain balance in the environment. 
Muller, Mendelsohn and Nordhaus (2011) measure the value of the environmental externalities and compare it with the national accounts. They calculated the air pollution damage for different sectors of the US economy. Gross external damages (GED) and net external damages (NED) have been calculated. GED is equal to the marginal damages of emissions times total quantity of emissions. Costs of permits is deducted from GED to get NED. They find that the GED of mining sector is $3.3 billion per year in 2000 prices. The ratio of GED to value added of mining sector is 0.02. 
Epstein, et.al (2011) calculate the full cost for the life cycle of coal. Due to extraction, transportation, processing and combustion of coal a lot of waste is generated that costs the environment. This cost is considered as external, as it is not internalized in the conventional cost measurement. The authors measure the full cost of life cycle effects of coal in the US. The value of externalities related coal is $345.3 billion in the year 2008. 
Cardoso (2015) identifies and value the different social and environmental liabilities of coal mining in Colombia. Social and environmental costs from mining are air pollution, soil mining waste, loss of water quality, loss of territory, loss of public health, losses due to coal transportation and loading, loss of human life, the user cost( loss of coal reserve) and the global cost of coal combustion. It is found that the cost of production per ton of coal is higher than the market price of coal per ton. And the major sources of costs are pollution, health hazard, depletion of water, loss of land and ecosystem services, damages from transportation and shipping and the user cost. The author strongly advocates the linking of environmental liabilities with the economic accounting. It would help in achieving environmental justice for local communities.
Zeng, He and Shi (2019) discusses the development of environmental cost accounting of mining industry in China. For environmental protection and cost management, they analyze the composition of environmental cost of mining and cost accounting process. Seven types of costs occur in mining industry. These are cost of coal consumption, exploration cost, environmental prevention cost, environmental governance cost, environemtal impact cost, costs of ecological environment damage , and environmental management and education costs. In the accounting of cost process most of the problems arise from the environmental aspects of the mining.
Coal Production in India
Coal plays important role in economic growth. In India, it is used extensively for electricity generation. It is essential input for steel production. 55% of the total primary commercial energy comes from coal. 72% of the power generated in the country is coal based. During 2019-20, 89% of total coal was used in power sector. Many other industries such as cement, fertilizer, chemical, paper depend on coal for their energy requirement. In 2019-20, there was 0.30% increase in coal production in India. In the world, India ranked 2nd in coal production in 2019. The state of Chhattisgarh contributes 21.6% of total coal production in the country which is the highest among all the states. Odisha, Jharkhand, Madhya Pradesh, Telangana, Maharashtra, West Bengal, and Uttar Pradesh have share of 19.6%, 18%, 17.2%, 8.99%, 7.5%, 4.6% and 2.5% respectively in the total production of coal in India. Assam and Jammu &Kashmir produces 0.21% of total coal production (Indian Minerals Yearbook, 2020).
Figure 1: Share of states in total coal production in India in 2019.
    
     Source: Indian Minerals Yearbook, 2020    

Table 1: Number of Coal mines in India and different States
	State
	2018-19
	2019-20

	India
	454
	442

	Assam
	4
	3

	Chhattisgarh
	55
	54

	Jammu and Kashmir
	2
	2

	Jharkhand
	122
	119

	Madhya Pradesh
	61
	60

	Maharashtra
	58
	54

	Odisha
	27
	29

	Telangana
	50
	46

	Uttar Pradesh
	5
	5

	West Bengal
	70
	70


  Sources: Indian Minerals Yearbook, 2020.



Figure 2: Trend in Coal Production in India.

Source: EPW_RF and Indian Minerals Yearbook, 2020.

There is a decline in total number of coal mines in India in the year 2019-20. Jharkhand has the highest number of coal mines followed by West Bengal and Madhya Pradesh (see table 1). Figure 2 shows the trend in coal production in India in terms of quantity(tonnes). There is a phenomenal increase in coal production since 1969-70. Coal production has increased more than 800% since 1970. In the year 2019, 96% of the coal was produced by public sector and rest 4% by private sector.
4. Accounting for the Depletion and Environmental cost of mining

In the current national accounts system, revenue from sales of mineral resources is considered value-added income or rent of the country ( Harrison, 1989). However, mineral resources are nonrenewable. More extraction of mineral resources at present means less availability of the resources for the future generation. This can lead to the depletion of the income of the future generation. The inclusion of revenue generated from sales of mineral resources goes toward extracting the resources as much as possible without taking care of future generations.  
Hartwick (1990) says that to get the right NNP, we should subtract the value of depletion of mineral resources from GNP. The definition of capital should be expanded. Natural and human capital must be considered as the capital before constructing green accounts (Sara, 2002). Davis and Moore (2003) discuss the methods to estimate mineral depletion. Eugenio et al. (2002) calculate the green accounts of mineral resources in Chile. Santos and Zaratan (1997) estimate the depletion of copper and gold minerals in the Philippines. Daly (1989) provides the formula to calculate socially sustainable gross domestic product (SSGDP). The formula is SSGDP = GDP-User's Cost. User's cost is defined as the part of the revenue that must be invested to keep the future income level non-declining. According to XU, YU, and YUE (2010), green GDP has two types. One is to deduct the cost of pollution and depletion of natural resources from conventional GDP. Another one is to value the ecosystem services and integrate them with the GDP. 
  Dasgupta's report (2013) explains that variables like depletion of minerals and pollutant loads from mining are not included in India's National Account System. Mineral and energy resources are significant components of the environment. According to SEEA (2014), Mineral and Energy resources include oil resources, natural gas resources, coal & peat resources, non-metallic mineral resources, and metallic mineral resources. Depletion of these resources is not considered in calculating state GDP. 
This paper tries to calculate the Environmentally Adjusted Gross Value Added (EGVA) from Mining and Quarrying in India. We have estimated the depletion cost and pollution cost from coal production in India from 2004 to 2015. EGVA can be calculated as follows:
                 EGVA= conventional GVA- (depletion cost + Pollution cost)

4.1 Estimation of Depletion Cost 

Depletion cost is measured as User’s Cost (UC). We have used El Sarafy's formula to estimate the User's cost. El Serafy (1989) divides total revenue from mineral extraction into two parts: Income and User's cost.
                            X/R= [1-
X: Income, R: Revenue from mineral extraction, N: Life Index of reserves, r: discount rate.
Restructuring the equation:
                           X= R [1-]
UC can be calculated by deducting Income (X) from Revenue received from extraction (R)
                           UC = R-X = R - {R [1-
	                         = R - {R-R
                                           = R -R+ R
	    = R
	    = 

Basic assumptions in the formula reflect the sustainability connection: 
 (a) The income component X is less than and equal to R, revenue received from the extraction of nonrenewable mineral resources. To maintain the future flow of income intact, we can consume the income part X. 
(b) User's cost is the capital component of the revenue that should not be consumed. It should be invested for the perennial flow of future income. The future generation shall not suffer the income deterioration because of the present extraction of resources. In other words, all the User's costs must be invested to maintain income flow.
In the above formula, it is clear that proper governance of the extraction of a nonrenewable resource is required to ensure a sustainable flow of income for future generations. 

4.1.1 Resource rent calculation
Due to the scarcity of nonrenewable resources, resource rent occurs. Resource rent is the extra-economic rent received above the cost of extraction of the resource. Surplus value is considered resource rent in the context of environmental assets. Resource rents reflect the value of a unit of mineral capital in the ground. There are three methods to calculate Resource Rent: Residual Value Method, Appropriation Method, and Access Price Method (TERI, 2006).

The most commonly used method is the residual value method of these three methods. This method calculates the resource rent by “deducting user costs of produced assets from gross operating surplus after adjustment for any specific subsidies and taxes”(TERI, 2006). The appropriation method estimates the resource rent using the actual payments made to owners of environmental assets. The access price method uses purchases of licenses and quotas to extract mineral resources as resource rent. In this study, the residual value method has been followed.
    We calculate the resource rent by deducting the consumption of fixed capital and return to the produced asset from the gross operating surplus (GOS). GOS is estimated as the residue in the gross value of output after adjusting for the value of intermediate consumption and compensation of employees. The value of output is in current prices for each year.  
      CSO provides Intermediate Consumption(IC) data for the mining and quarrying sector. Since IC is not available for producing any particular mineral, we compute it by indirect method. First, the share of the total IC in the gross output of mining and quarrying is calculated for all the years. The range of the share is 20% to 68%. The value of IC for the coal production is estimated by applying the percentage share, which is calculated for the mining and quarrying sector, in the value of the output of that particular mineral following the year. 
     CSO also provides the data for compensations of employees (CoE), consumption of fixed capital (CFC), and net fixed capital stock (NFCS) for mining and quarrying sectors. To get the data for coal mining, the same method has been applied as IC. We use the average lending rate given by the Reserve Bank of India (as provided in appendix A) to calculate the value of return to the produced asset. 

Formula to estimate resource rent:
	Value of output – Intermediate Consumption = Gross Value Added

	Gross Value Added – Compensation of Employees = Gross Operating Surplus

	Gross Operating Surplus – Consumption of Fixed Capital = Net Operating Surplus

	Return to Produced Asset = Rate of Interest * Value of Produced Asset

	Resource Rent = Net Operating Surplus – Return to Produced Asset



4.1.2 Life Expectancy of Resource
The ratio of a mineral reserve to the production of minerals gives us the life of the resource. The life of the resources depends upon the existing stock of the resource, volume of extraction, and the discoveries of the resource. The UNSEEA recommends using proven reserves or proven and probable taken together. 
4.1.3 Discount Rate
The discount rate reflects the time preference of the person or authority who owns the asset. It shows whether the owner of the asset wants to extract more income from the asset in the present or in future. It helps in converting the future flow of income into present value. Generally, the market rate of discount rate is higher than the social discount rate. So individual and private enterprises prefer a higher rate of discount as they want a rapid return from the ownership of the asset. A lower discount rate gives importance to the need of the future generation. Higher the discount rate smaller would be the user cost and vice versa. A higher discount rate encourages the rapid extraction of mineral resources. To maintain sustainable development, it is necessary to ensure a non-decline future flow of income. Hence, in the case of the environmental asset, it is recommended to use a lower discount rate ( United Nations, 2014; TERI, 2006). SEEA recommends using a lower discount rate. Therefore, I have used 3% discount rate to calculate the user cost. 

4.2 Emission Calculation 
The extraction of mineral resources emits several pollutions to the environment. Mining contributes to forest degradation, water pollution, air pollution, soil erosion, etc. (Das and Acharya, 2016). These adverse effects of mining are not accounted for in the national accounts. This omission of negative aspects of mining may result in faster extraction of mineral resources encouraging an unsustainable use of nonrenewable resources. This paper calculates the methane emissions from Indian coal mining and handling activities. We follow the Intergovernmental Panel on Climate Change (IPCC) method to estimate the amount of methane emissions due to coal mining and handling in India from 2004 to 2015. IPCC provides methane emission factors for coal mining at the global level. However, it is good to use the country-level emission factor. For India, CSIR-CIMFR provides the emission factor for the underground and surface coal mining and handling activities. The volume of the annual production of coal data for different mining categories is collected from EPW-RF and Indian Minerals yearbook. The value of annual coal production is multiplied by the methane emission factor and the conversion coefficient of 0.67 × 10-6 Gg m-3 to obtain estimates of methane emission from coal mining.
IPCC shows concern over data availability at different levels of the region. It provides methods to calculate the amount of emission at three different levels. These levels are tier one, tier two, and tier three. Depending upon the availability of quality data appropriate tier should be used. Data availability and complicacies vary from country to country and region to region. Here, we use the tier one method to estimate methane emission. In the tier one method, activity data, i.e., production of minerals, is taken at a country level and multiplied with the conversion and methane emissions to get the volume of coal mining emissions. Emission factors are different for underground and surface coal mining.  

Tier one method for Underground coal mining ( IPCC, 2019)
    CH4 emissions = CH4 emission factor
                               * Underground coal production
                               * Conversion factor  

Table 2: Emissions factor for coal mining and handling in India (CSIR-CIMFR)
	
	Degree I           
	Degree II                   
	                         Degree III  


	Mining   
	2.91                   
	             13.08                           
	23.68


	Post-mining        
	0.98                    
	2.15                             
	3.12

	Conversion factor
	: 0.67 Gg/106 m3  


Source: Ministry of Environment, Forest and Climate Change, Government of India. (MoEFCC, 2015).

According to Singh and Kumar (2016), underground coal mines in India are classified into Degree I, Degree II, and Degree III by the Directorate General of Mines Safety. In degree I underground coal, less than one cubic meter of methane is emitted to the environment per tonne of coal production. One tonne production of degree II underground coal produces more than one cubic meter and less than ten cubic meters of methane. For degree III, underground coal methane emission is more than ten cubic meters per tonne (Singh and Kumar, 2016). 


 Table 3: Distribution of underground working coal mines in India 
	
Underground coal output by degree
(million tonnes)

	Year
	Degree 1
	Degree 2
	Degree 3

	2004
	44.46
	15.42
	2.03

	2005
	44.03
	18.18
	1.88

	2006
	43.57
	16.00
	1.65

	2007
	47.51
	13.03
	1.76

	2008
	49.77
	15.38
	1.14

	2009
	53.76
	12.17
	0.89

	2010
	55.32
	13.82
	0.86

	2011
	55.41
	11.54
	2.08

	2012
	51.37
	12.29
	0.69

	2013
	52.18
	11.48
	1.08

	2014
	52.70
	10.64
	1.02

	2015
	54.91
	9.61
	0.39


Source: EPW-RF
In table 3, it is clear that within the underground coal mining degree, one coal production dominates all the years. There is a massive gap between the degree one coal output and the other two categories of coal. Environmentally, this is good for the economy as the production of degree one coal emits less methane per tonne than degrees two and three. Degree one coal production has increased substantially from 2004 to 2015. In contrast, in degrees two and three, coal output that emits a high amount of methane per tonne has gone down. 

Tier1 method for surface coal mining
    CH4 emissions = CH4 emission factor
                               * Opencast coal production
                               * Conversion factor  
Emissions factor for coal mining and handling in India
                                                                            (CSIR-CIMFR)
                                      Mining              1.18       
                                      Post-mining      0.15           
Conversion factor: 0.67 Gg/106 m3         

Table 4: Opencast Coal Production in India
	Opencast coal output (in million tonnes)

	
	

	Year
	Output

	2004
	317.97

	2005
	356.76

	2006
	339.64

	2007
	384.81

	2008
	407.65

	2009
	491.98

	2010
	494.55

	2011
	498.06

	2012
	507.38

	2013
	480.30

	2014
	540.11

	2015
	577.65


Source: EPW-RF and Indian Minerals Yearbooks.

In India, most coal is produced from opencast coal mines, as we can see in table 3 and table 4. We can observe from table 3 that there has been a phenomenal rise in opencast coal production from 2004 to 2015.
We calculate the methane emission from both the underground and opencast coal output. To value the emission, we convert the methane into carbon dioxide (CO2) following the AR5 of IPCC (2019). According to AR5 of IPCC, one methane (CH4) equals 28 CO2 equivalents, corresponding to 100 years of global warming potential (GWP100 ). CO2   is valued according to the social cost of carbon measured by Ricke et al. (2018). In India, the social cost of carbon equals US $ 86 per tonne of CO2. Using purchasing power parity (PPP), we convert the US$ into Indian Rupee. PPP data from 2004 to 2015 is collected OECD website (Link: https://data.oecd.org/conversion/purchasing-power-parities-ppp.htm). 
5. Results 
Table 5: User Cost of coal output
	Year
	 Life Index (years)
	 Total rent( in crore rupees)
	 User Cost (in rupee)

	2004
	680
	7446.60
	0.00

	2005
	648
	8071.78
	0.00

	2006
	622
	7818.78
	0.00

	2007
	596
	8347.46
	0.00

	2008
	563
	6597.27
	0.00

	2009
	542
	4292.09
	0.00

	2010
	518
	5815.04
	0.00

	2011
	532
	18781.36
	0.00

	2012
	543
	-21888.55
	0.00

	2013
	537
	20813.78
	0.00

	2014
	533
	16816.14
	0.00

	2015
	503
	17975.21
	0.00


Source: Authors’ calculation from CSO, India data.
Table 5 provides the depletion in the coal industry estimated using the User's cost approach. The user's cost must be deducted from conventional national accounts. Here we can see that depletion or User's cost is zero in all these years from 2004 to 2015. It is because the life index of coal reserves for all the years is high, varying from 503 to 680. However, the life index is declining throughout the years in consideration. This trend implies that we need to be careful in using coal resources. 3% discount rate has been used to measure the user cost. The higher the discount rate lower is the User's cost. The high value of the discount rate gives preference to the present use of the resources. Total rent, i.e., the value of output minus the cost of production, has increased from 2004 to 2015 except in the year 2012. In 2012, the cost of production was too high, resulting in negative rent. This means that in coal production, the economy has incurred a loss in the year 2012.    

Table 6: Methane Emission (in teragram) from coal production in India 
	Year
	UM
	U-PM
	SM
	S-PM
	Total in teragram

	2004
	0.254
	0.056
	0.251
	0.032
	0.593

	2005
	0.275
	0.059
	0.282
	0.036
	0.652

	2006
	0.251
	0.055
	0.269
	0.034
	0.609

	2007
	0.235
	0.054
	0.304
	0.039
	0.631

	2008
	0.250
	0.057
	0.322
	0.041
	0.670

	2009
	0.226
	0.055
	0.389
	0.049
	0.719

	2010
	0.243
	0.058
	0.391
	0.050
	0.741

	2011
	0.242
	0.057
	0.394
	0.050
	0.743

	2012
	0.219
	0.053
	0.401
	0.051
	0.724

	2013
	0.220
	0.053
	0.380
	0.048
	0.701

	2014
	0.212
	0.052
	0.427
	0.054
	0.746

	2015
	0.198
	0.051
	0.457
	0.058
	0.763


 Source: Authors’ calculation using data from EPW-RF and Indian Minerals Yearbooks, IBM. 
Notes: UM: Underground mining; U-PM: Underground post-mining and handling; SM: Surface mining; S-PM: Surface post-mining and handling. 

Table 6 demonstrates that the total methane emission from coal production has increased from 2004 to 2015. This is because of the rising volume of coal output in both surface and underground mines. Methane emission from surface mining has a significant share of the total emission. Nevertheless, if we compare the volume of output produced through underground mining and surface mining per tonne of coal output, underground mining has been more polluting than surface mining. For instance, in 2013, in the production of 64.75 million tonnes of coal in underground mines, 0.273 teragrams of methane were emitted. In the same year, 480.30 million tonnes were produced, and the methane emission was 0.428. Emission this year is almost double in surface mining. However, surface mining production volume is almost seven times more than that of underground mining.    

Table 7: Valuation of the emission 
	                Year
	CO2 in tonne
	SCC in Us     Dollar
	PPP
	E_cost (in Rupee crore)

	2004
	16607726.08
	1428264443
	10.46296
	1494.387373

	2005
	18254097.2
	1569852360
	10.71734
	1682.463835

	2006
	17053307.92
	1466584481
	11.27645
	1653.786217

	2007
	17675268.04
	1520073051
	11.74405
	1785.181848

	2008
	18768464.71
	1614087965
	12.57912
	2030.380136

	2009
	20123118.48
	1730588190
	13.36286
	2312.560943

	2010
	20756473.81
	1785056747
	14.59932
	2606.061646

	2011
	20814630.43
	1790058217
	15.54955
	2783.459795

	2012
	20263156.96
	1742631498
	16.16084
	2816.238011

	2013
	19617499.07
	1687104920
	17.34233
	2925.832184

	2014
	20876449.26
	1795374636
	18.38655
	3301.074372

	2015
	21363037.91
	1837221260
	19.235
	3533.895645


Source: Authors' calculation from the OECD data on PPP and SCC data from Ricke et al. 2018.
Note: SCC: Social Cost of Carbon, PPP: Purchasing Power Parity.


Table 8 Adjusted Gross Value Added

	Year
	GVA of M &Q in crore
	E_Cost as % of GVA
	GVA of M&Q - E_cost

	2004
	70704.2
	2.11
	69209.81

	2005
	93758.82
	1.79
	92076.36

	2006
	110532.87
	1.50
	108879.08

	2007
	128998.96
	1.38
	127213.78

	2008
	149210.42
	1.36
	147180.04

	2009
	163961.65
	1.41
	161649.09

	2010
	193262.73
	1.35
	190656.67

	2011
	251303.03
	1.11
	248519.57

	2012
	261035
	1.08
	258218.76

	2013
	285842
	1.02
	282916.17

	2014
	295794
	1.12
	292492.93

	2015
	308476
	1.15
	304942.10


Source: Authors’ calculation using data from CSO, India.
Note: GVA of M&Q: Gross Value Added from mining and quarrying sector in India; E_cost: Environmental cost.

The value of emission i.e environmental cost has increased significantly from 2004 to 2015, as shown in table 7. CO2   has also gone up. Table 8 presents the adjusted Gross Value Added (GVA) from mining and quarrying. GVA is given in current prices. It has grown throughout consideration. The share of environmental cost in GVA varies from 1.15 % to 2.11%. This environmental cost is only from the production of coal. The last column provides the environmentally adjusted GVA from mining and quarrying.  
6. Policy Implications: Cost of Production, Price and Carbon Tax

Coal production has several adverse environmental impacts. Some of these impacts are air pollution, deforestation, soil erosion, water pollution, etc.  Coal extraction involves removal of top soil, which leads to soil erosion, loss of fertility, destruction of habitat and pollution.  There are reports of arsenic problems in the ground water in the coal mining areas. Acid mine drainage accelerates dissolve of heavy metals that subsequently seep into the ground water table and surface water. Increase in the suspended particulate matters in the coal region causes various lungs diseases. 
Burning of coal for energy generation produces suspended particulate matter, ground level ozone, smog, and acid rain. Thermal power plants produces huge quantities of fly ash into the atmosphere. Combination of all pollutants in the coal mining and thermal power plants cause green house effect and hence raise the temperature. Coal burning produces several harmful gases namely carbon dioxide, nitrogen oxide, methane gas and sulfur dioxide. All these harmful gases contribute significantly to global warming and climate change. 
Due to these negative consequences on environment, people particularly living near the mining areas suffer a number of pollution related health problems. Health cost due to mining could be very high if calculated carefully. Except these costs, displacement and dispossession are common in mining areas. In case of displacement, mining firms are required to provide adequate compensation to offset the direct costs. Nevertheless, indirect costs, especially environmental costs, are never included in the compensation calculation. For example in case of acquisition of common property resources by the mines displaced households do not receive any compensation. All these costs are not included in conventional economic cost of production. This non-inclusion of the environmental and social costs leads to over consumption of minerals, inappropriate pricing of energy and adverse selection of energy sources. 
According to Murty (2001) there are two instruments to manage the environment and protect it from the unlimited extraction of natural resources. One is non-market instrument which is also known as command and controls method. Another is economic instrument that comprises of 3 instruments, namely price based, quantity based, and hybrid instruments.
Realizing the negative externalities of coal and preparing a smooth transition towards clean energy sources, the government of India has started imposing cess on coal since 2010. Government collected Rs 50 per tonne in 2010 and increased to Rs 100 in 2014, Rs. 200 in 2015 and Rs 400 in 2016 (Petri, 2020). Is this amount of cess sufficient to offset the environmental damages and social costs? There are no comprehensive studies that estimates the total environmental cost of mining. Our study focuses only on the methane gas emission from coal mines.   
Table 9: Cost of coal production in India
	Year
	Coal production (in crore tonne)
	Conventional cost of production (rupees per tonne)
	E-cost (rupees per tonne)
	Coal cess per ton (in rupees)

	2004
	36.12
	707.76
	41.37
	-

	2005
	38.26
	785.76
	43.97
	-

	2006
	40.7
	841.82
	40.63
	-

	2007
	43.09
	788.50
	41.43
	-

	2008
	45.7
	915.16
	44.43
	-

	2009
	49.27
	1085.51
	46.94
	-

	2010
	53.21
	1173.11
	48.98
	50

	2011
	53.27
	955.52
	52.25
	50

	2012
	53.91
	1712.23
	52.24
	50

	2013
	55.64
	1402.05
	52.59
	50

	2014
	56.58
	1463.77
	58.34
	100

	2015
	60.92
	1447.11
	58.01
	200


Source: Authors’ calculation.
Note: E-cost: Environmental cost. Only methane emission cost is considered.

Column 3 in table 9 provides the economic cost calculated in conventional approach. This cost includes compensation to employees, intermediate consumption, consumption of fixed capital, and return to produced capital. Central Statistical Office of India provide the data of these costs. But it does not have any data on environmental cost of mining. This clearly shows that the policy decisions taken on the basis of these measurements of costs are not compatible for environmental friendly policies. We try to calculate a segment of environmental cost of coal production. This cost is provided in the fourth column of the table. From 2004 to 2015 the environmental cost of production of per ton of coal has increased significantly. There is 41% increase in the environmental cost during this period. 
The cess imposed on coal should reflect the environmental cost borne by the society. In the year 2010, the amount of cess levied on coal was Rs. 50 per tonne and the estimated environmental cost Rs. 48.98.The environmental cost that we have calculated here is just one part of the several environmental aspects. If all these costs, as discussed in the second paragraph of this section, are computed, the cess/tax would be much lower than the cost. We therefore suggest that the tax imposed on coal should be reflective of the environmental cost borne by the society. Therefore, comprehensive studies should be conducted to measure the total environmental cost and efforts should be made to collect the matching amount of environmental tax/cess. 
7. Conclusion

[bookmark: _GoBack]In this paper, we have calculated the depletion and environmental costs, then adjusted these costs with conventional GVA from the mining and quarrying sector in India. Measurement of depletion cost as represented by User's cost here is essential for policymakers to differentiate the income and capital components of the revenue from mining. The capital part of the revenue must not be consumed. It should be invested for future income generation. Measurement of depletion cost would guide monitoring the management of environmental resources. We find zero depletion cost of coal mining in India because of the high level of coal reserves present in the country. However, the trend in the life index of coal warns us to use it judiciously to maintain sustainability. The environmental cost is calculated and adjusted to GVA from mining and quarrying. We have estimated the cost of coal production only. The environmental cost, which includes only the social cost of methane emission from coal mines was as high as 3533.9 crore rupees in 2015. The environmental cost of mining would be very high if we estimate the total environmental cost of coal mines and all other mineral resources. At this moment, we encourage other researchers and government and non-government agencies to calculate the depletion and pollution cost of all other mineral resources. Researchers may face problems in data availability and methodological issues. Government agencies like Central Statistical Office, should initiate this environmental cost accounting for all minerals. This would promote sustainable use of mineral resources that takes care of the intra general and intergeneration equity. Imposition of cess on coal is definitely a welcome step to factor in the environmental cost in the price of coal and ensure smooth transition from coal to other clean energy sources. Nevertheless, the cess can be increased further to cover the total environmental cost of coal.
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Appendix A: Lending Rates in India from 2004 to 2015
	
	Min
	Max
	average

	2004
	10.25
	11
	10.63

	2005
	10.25
	11
	10.63

	2006
	10.25
	12.75
	11.50

	2007
	12.25
	14.75
	13.50

	2008
	12.25
	15.75
	14.00

	2009
	11.5
	16.75
	14.13

	2010
	11
	15.75
	13.38

	2011
	8.25
	9.5
	8.88

	2012
	10
	10.75
	10.38

	2013
	9.7
	10.25
	9.98

	2014
	10
	10.25
	10.13

	2015
	10
	10.25
	10.13


Source: Reserve Bank of India.

Share of States in coal production in India
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