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Sugar producing regions in India have more than 80 percentage groundwater irrigation through deep-well pumping. Whereas, NASA's
gravity recovery and climate experiment satellites have revea ed faster depletion of groundwater stocksin India. These areas are cultivating
93 percentage of sugarcane. Thisresearch isacomparative study and has attempted to estimate the economic val ue of irrigation water and
the benefits of water and energy that can be saved through adoption of improved irrigation technol ogies. The economic value of each ha
cm of irrigation water for sugarcane was also worked out. Including additional area under irrigation with the water saved should be
recommended only in safe and semi-critical regionsto prevent 'rebound’ effect.
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wing to increasing demand of water for domestic,
O ndustrial and energy uses, thereisasevere constraint

intheavailability of water for agriculture. Eventually,
water becomes a critical criterion for cultivating high value
cropslike sugarcane. InIndia, sugarcaneisanirrigated crop;
and from 1980 to 2006 irrigation coverage hasincreased from
80 per cent to 93 per cent of the total sugarcane-cultivated
area. According to an estimate by the Ground Water Year
Book (2012-13), only 153.66 billion cubic metres (BCM)/yr of
groundwater is available for future irrigation, out of which
around 63 BCM/yr is available in the sugar-producing states
(this groundwater will be utilized for producing other crops
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aswell). Irrigation requirementsin arid and semiarid regions
are estimated to increase by 10 per cent for every 1°Crisein
temperature. NASA’s Gravity Recovery and Climate
Experiment Satellites have revealed faster depletion of
groundwater stocks in India, especialy in the North and
North-Western parts of the country (18 BCM/yr). These areas
having 93 per cent of irrigated sugarcane produc around 60
per cent of sugarcane (Bhattacharya, 2010).

The massive expansion of private sector tube-well
irrigation schemesin Bangladesh, India and Pakistan hasled
to the rapid depletion of groundwater. Sugar-producing
regions particularly have more than 80 per cent groundwater
irrigation through deep-well pumping (Shrivatsavaet al., 2011).
Declineinwater level of morethan 2 meter, whichisconsidered
to be significant isseen in parts of Rajasthan, Haryana, Punjab,
and western Uttar Pradesh, western Andhra Pradesh and
North West part of Tamil Nadu.

Low water use efficiency, poor maintenance of irrigation
systems and poor recovery of water charges are some of the
major problems associated with the management of water
resources in the country (State of Indian Agriculture, 2012-
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13). Inadequate and sub-optimal pricing of both power and
water is promoting the misuse of groundwater. At the current
level of water consumption for sugarcane (20,000 kl/ha), the
major sugarcane-producing states including Uttar Pradesh,
Maharashtra and Karnataka might possibly sustain their
production level only up to 2013 (Bhattacharya, 2010).

Many researchers (Magar et al., 1988; Narayanamoorhty,
19973, 2003; Cuykendall et al., 1999; Qureshi et al., 2001;
Dhawan, 2002; Kulecho andWeatherhead, 2005; Namara et
al., 2005) have studied the impact of drip irrigation and
concluded that drip irrigation technology yielded benefitsin
terms of resource saving, increased yield and reduced costs
of cultivation. A major conclusion is that drip irrigation
technology is technically feasible, particularly when farmers
depend on groundwater sources (Dhawan, 2000). Hanaa et
al. (2014), has explored the use of drip and surface irrigation
decision support systemsto select among furrow, border and
drip irrigation systems for cotton, considering water saving
and economic priorities. A multicriteriaanalysis approach was
used to analyse and compare the alternatives based upon
economic and water saving criteria. Comparing surface and
drip irrigation systems, despitelow cost, drip alternatives may
lead to 28-35 per cent water saving relative to improved graded
furrows, and increase water productivity. Macarenaand Frank
(2012), analyzed the water conservation practicesin irrigated
agriculture in a sub-basin in North America’s Rio Grande. A
method is developed to estimate water savings in irrigated
agriculture that result from public subsidies to farmers who
convert from surface to drip irrigation. They have found that
farmers will invest in technologies that reduce water
applications when faced with lower financial costs for
converting to drip irrigation. Subsidies for drip irrigation
increase farmincome, raise the value of food production, and
reduce the amount of water applied to crops. Negri and John
(1989) has attempted to find the irrigation efficiency using
variousirrigation methods and found that efficiency ashighest
indrip irrigation, around 80-90 per cent. Dunage et al. (2009),
has conducted a field experiment at Raichur (Karnataka) on
the total water requirements for tomato under nethouse
condition using drip. This study revealed that,
evapotranspiration (ET) levels of drip irrigation were lower
per plant than surface irrigation. The mean application
efficiency of the system was 91.75 per cent, while the mean
distribution efficiency was 94.27 per cent. Reddy et al. (2012),
also has conducted afield experiment to assess the response
of variousdripirrigation regimesand furrow irrigation, interms
of efficiencies and economics on onion. The application
efficiency wasfound highest in 60 per cent ET (94.16 %) using
drip irrigation than other treatment. The lowest wasfound in
furrow irrigation. Similarly the water use efficiency wasfound
highest in 80 per cent ET using drip irrigation and the lowest
was found in furrow irrigation. The microirrigation

technologies such as drip and sprinkler are the key
interventions in water saving and improving crop
productivity. Evidence shows that up to 40 per cent to 80 per
cent of water can be saved and water use efficiency (WUE)
can be enhanced up to 100 per cent in a properly designed
and managed microirrigation system compared to 30-40 per
cent under conventional practice (INCID, 1994 and
Sivanappan, 1994). Kumar and Palanisami (2011) have studied
the external and private benefitsof drip irrigation technol ogy.
They have found the external benefit of water saving as Rs.
76943.60 per ha per year and the external benefit of reduced
consumption as Rs. 13844.60 per aper year.

The solution to sustain water for crop production is by
changing system of irrigation, from surge irrigation to micro-
irrigation so that water can be saved instead of wasted.
Sustainable Sugarcane Initiative (SSI) is a composite
technology that increases the input use efficiency, including
water by using micro-irrigation (SSI manual, 2012). In this
context, this study concentrates on sustaining available water
for irrigation under depleting natural resource and changing
climate with the help of improved technologies viz., SSI and
drip system. The objectives of the study are :

— To estimate the economic value of irrigation water in

sugarcane cultivation,

— To assess the benefits of water that can be saved

through improved technologies.

METHODOLOGY

Samplingand datacollection :

The study area chosen, covered Coimbatore and Erode
districts located in the western part of Tamil Nadu. In Erode
district around 47 per cent of gross area irrigated was from
groundwater whereas around 80 per cent of grossareairrigated
wasfrom groundwater in Coimbatoredistrict. Sugarcane forms
one of the major crops under irrigated situation in both the
districts (Statistical Handbook, 2011-12). One talukain each
district was taken with Drip system and SSI as improved
technol ogiesto compare with conventional irrigation methods.

Dripirrigationisatechnology widely used in agriculture
to apply water directly whereitisneeded. It minimisesthe use
of water and enables the injection of fertilizer through drip
irrigation system growing healthier plants with less diseases.
Though Sustainable Sugarcane Initiative (SSI) includes drip
system it also has features such as; use of less seeds, less
water and optimum utilization of fertilizersand land to achieve
more yields. Driven by farmers, SSI is an alternative to
conventional seed, water and space intensive sugarcane
cultivation. Though Sustainable sugarcane initiative (SSI)
includesdrip systemit also hasfeaturesthat makesit to differ
from simple drip system such as; raising nursery using single
budded chips, transplanting young seedlings (25-35 days ol d)
and maintaining wider spacing (5 x 2 feet) in the main field.
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Drip is atechnology whereas SSI is a composite technology
called method of farming. Thus, the study is designed to
compare the conventional surge irrigation method with
improved irrigation methods.

Annur talukain Coimbatore and Sathyamangalam taluka
in Erode was chosen for the study. Thirty sample farmers
each from the three sugarcane farming situations namely;
conventional (surface irrigation), Drip system and SSI were
selected for the study. Datawere collected by survey through
direct interview method. In Coimbatore District, water isto be
found between 26.5 to 304 metres (District Groundwater
Brochure on Coimbatore Digtrict, 2008). Both Sathyamangalam
and Annur have atropical climate. The mean annual rainfall of
Annur was 707 mm. North-East monsoon showers the highest
of 46.52 per cent of mean annuadl rainfall (Statistical Handbook,
2011-12). In Annur, the water level had dropped six meter —
from 22 meter BGL in 2012 January to 28.10 min 2013 January
(The Hindu). It comes under over-exploited groundwater
potential region (TWAD Board). Groundwater is the main
source of irrigation in both the talukas. The groundwater
availablefor futureirrigationin Annur is-2505.13 as on 2004,
(District Groundwater Brochure on Coimbatore District, 2008).

Sathyamangalam taluka is located in Erode district. In
Erode Didtrict, water isfound to be between 25 to 300 meteres,
(District Groundwater Brochure on Erode District, 2008). The
mean annual rainfall happened to be 762.60 mm. North-East
monsoon showersthe highest of 53.63 per cent of mean annual
rainfall (Statistical Handbook, 2011-12). It comes under the
category “critical-exploited’ (between 90-100 % of extraction)
groundwater potential region (TWAD Board). Around 43 per
cent of net areairrigated is from groundwater. CGWB states
that, in recent years, the declining water levels and reduction
inyieldsof wellsare being observed dueto increased extraction
of ground water through large nhumber of bore wells for
irrigation purposes.

Analytical toolsdeter mining theeconomic valueof irrigation
water :

The economic value of irrigation water was determined
by employing production function approach (Gibbions, 1987).
The Marginal Value Product (MVP) of water (ha. cm) isthe
marginal physical product timesthe output price. A quadratic
production function was estimated with yield (tonnes/ ha) as
dependent variable and volume of irrigation water used (ha.
cm of water) asindependent variable. The production function
isspecified asfollows:

In Yield = In a, + b, In (water)

Karthikeyan et al. (2009), had done a similar study in
ng the economic value of irrigation water for paddy.

Direct benefits of water saved :
It is apparent that the adoption of drip irrigation
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generates various positive externalities. These include
increased water availability for irrigation purposes, reduced
cost of electricity consumption, and reduction in the cost of
well deepening, areduction in the cost of drilling new wells/
borewells, and areductioninwell failure.

The external benefit of water saved is the product of
difference between the water used in the surge method and
improved method, multiplied by the MV P of irrigation water
used.

Water saving through SSl in sample farms :

(WC-WSSI) *q=VWg

where,

VW, = Value of water saved in (Rs. per hectare),

W = Water usein conventional surgeirrigation (in ha.
cm).

W, = Water usein SSI method of farming (inha. cm).

6 = value marginal product of water (Rs./ ha. cm).

Water saving through drip systemin sample farms:

(WoW) * g = VW,

where,

VW, = Value of water saved in (Rs. per ha).

W _ = Water usein conventional surgeirrigation (in cm/
ha).

W, = Water useindripirrigation (in cm/ ha).

6 = value marginal product of water (Rs./ ha. cm).

Indirect benefit (energy saved) :

According to the Central electricity authority (CEA), the
energy deficit of the Statein FY 2013 wasaround 17.5 per cent
ascompared to 2.8 per centin FY 2008. Hence an attempt was
made to ascertain the external benefits of improved
technologies in the form of reduced consumption of power

(energy).

Energy saving through SSI in samplefarms:
(EcEss) ¥y =VEq
where,
VW, = Value of energy saved in (Rs. per hectare)
ha) E. = Energy usein conventional surgeirrigation (inkwh
a)
E., = Energy usein SSI method of farming (in kwh/ ha)
y = Tariff rate of energy in Rs./kwh.

Energy saving through drip system in sample farms :
(EcEss) ¥y =VEq
where,
VW,_= Value of energy saved in (Rs. per hectare)
W_ = Energy use in conventional surge irrigation (in
kwh/ ha)
W, = Energy useindripirrigation (in kwh/ ha)
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v = Tariff rate of energy in Rs./kwh.

A one HP pump running for one hour consumes 0.746
kwh of power. Accordingly, the electricity consumption for
each crop was computed as: kwh for each crop = (HP of
pump)*(0.746 kwh)* (number hours of irrigation)* (number
irrigations). The value of energy is Rs. 5.5/ kwh, whichisthe
unit cost of supply of electricity in Rs./kwh(TNERC, 2013).

ANALYSIS AND DISCUSSION

The findings of the present study as Welvl as relevant
discussion have been presented under following heads :

Theeconomicvalueof irrigation water :

The estimated equation is:
In Yield = - In 0.7342 + 0.7465 In water
Std. Error: (0.4738) (0.0889)
Adjusted R Square: 0.7130

F value: 70.57; Significance F: 5.18E-09

The price of output of sugarcane is Rs. 2000 / tonne.
The marginal value product of water (MVP) is evaluated at
mean val ues of water use. Marginal Value Product = Marginal
Physical Product * Price of one unit of Sugarcane (Rs. / ton).
TheAverage Physical Product(APP) is0.53 tonnesper ha. cm

of water being irrigated.
MPP = (0.7465*0.53) = 0.3956

MVP = (0.3956 * 2000) = Rs. 791.35/ ha.cm of water

Itisevident that the marginal value product of each ha.
cm of water worked out to Rs. 791.35. The average quantity of
water used is 207.91 ha.cm per hectare in conventional surge
irrigated farm. The average quantity of water used in case of
SSl is 143.59 ha.cm per hectare and in case of drip systemis
166.23 ha. cm per hectare. Around, 40 per cent of water can be
saved through adoption of SSI method of farming and around
20 per cent of water can be saved through adoption of drip
system in conventional farms than convention farming with
surgeirrigation.

Direct benefitsof water saved :

The adoption of drip irrigation generates positive
externality of increased water availability for irrigation
purposes. The quantity of water pumped depends on the
well yield (discharge rate), frequency of irrigation, hp of
motor pump and the hours of pumping. Thedrip irrigation
method generally requires less pumping hours but the
frequency of irrigation under the drip method is higher. For
sugarcane crop under the drip method, farmers tend to
irrigate every two to three days. Under the conventional
surface irrigation, farmers tend to irrigate for every four to
seven days. The average number of irrigations for sugarcane
crop in the sample farms under drip method was 118; under

Tablel: Valueof water used for irrigation (Rs./ha)‘
Farming situation Average quantity of water (ha.cm/ ha) Value of water (Rs. / ha)
Conventional farming without drip 207.91 1,64,529.58
Conventional farming with drip 166.23 1,31,546.11

SSI 143.59 1,13,629.95

Table2: Total crop water requirement

(in ha.cm)

o . . Additional areathat can be Additional areathat can be
Other irrigated crops in sample Totd water requi Iement irrigated by water saving through irrigated by water saving through
farms (in ha.cm) . ) ; ) .
SSl in sugarcane (in ha) drip system in sugarcane (in ha)
Sorghum 50 129 0.83
Tomato 70 0.92 0.60
Onion 45 143 0.93

* spurce: www.agritech.tnau.ac.in

Table 3: Categorisation based on groundwater development \

Stage of ground water development Premonsoonsgnlflcant Iongpt)e;Tm%er]c;)r;i Categorisation
<=70% No No Safe
>70% and <=90% No No Safe
Yes/No No/Yes Semi-critical
>90% and <=100% Yes/No No/ Yes Semi-critical
Yes Yes Critical
>100% Yes/No No/Yes Over-exploited
Yes Yes Over-exploited

Sour ce: cgwb.gov.in/fag.html
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SSI method of farming it was 105 and under conventional
surgeirrigationit was 78.

The external benefits of water saving can be evaluated
as.

From Table 1, the water that can be saved through
improved technologies can be calcul ated as follows:

Water saving through SSl in sample farms :
1,64,529.58 - 1,13,629.95 = Rs. 50,899.63/ ha

Water saving through drip systemin sample farms :
1,64,529.58 - 1,31,546.11 = Rs. 32983.47/ ha
Theareaunder SS| in samplefarmsis26.80 hectare and

areaunder Drip systemin samplefarmsis 23.25 hectare. The

economic value of the water saved through SSI in sugarcane
isRs. 50,899.63/ hectare in the sample farms. The economic
value of the water saved through drip system of irrigation in
sugarcane is Rs. 32983.47/ hectare in the sample farms. The
area under sugarcane in Coimbatore and Erode districts are

1484 ha and 31540 ha. While generalising for districts, the

value of water saved through adoption of SSI in Coimbatore

and Erodedigtrictsare Rs. 75.53 million and Rs. 1605.37 million,
respectively. Similarly, the value of water saved through
adoption of drip systemin Coimbatore and Erodedistrictsare

Rs. 48.94 million and Rs. 1040.29 million, respectively Thus,

the water saving can be treated as real. Hence, improved

technologiesboth drip and SSI give more external benefitsin
the form of water saving.

I ndir ect benefit (ener gy saved) :

Anindirect or external benefit of improved technology
like drip system is energy saving. Hence, the study has
attempted to estimate the value of energy saved. The energy
required for irrigating under SSI farming systemis 12274.03
kwh /hectare and under drip system is 13218.19 kwh/hectare
which is around 29 per cent and around 23 per cent lesser
than energy required for conventional surgeirrigation (17285.5
kwh/hectare), respectively.

Energy saving through SS in sample farms:
(17285.50 - 12274.03)* 5.5 = Rs. 27563.08 / ha

Energy saving through drip system in sample farms:
(17285.5 - 12274.03) * 5.5 =Rs. 22370.21 / ha

It isevident that at monetary terms the energy used can
be reduced by around 23 per cent by adopting drip systemin
farmsand around 31 per cent through SSI method of farming
when compared conventional surge irrigation.

Conclusion:
Water saved through one ha of SSI in sugarcaneis 64.32
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ha.cm and the water saved from one ha of drip system in
sugarcane is41.68 ha.cm. Sorghum, tomato and onion arethe
other irrigated crops in the sample farms. Hence, the study
has sought to find the additional area that can be irrigated
with the water saved from a hectare by adopting improved
technologies in sample farms.

The water requirement of sorghum, onion and tomato-
other irrigated cropsin the sasmple farm are given in Table 2.
The resultsindicate that an additional area of 1.29 hectare of
sorghum or 0.92 hectare of tomato or 1.43 hectare of onion
can beirrigated from 64.32 ha.cm of water saved fromahectare
by following SSI systemin sugarcane. Similarly, an additional
area of 0.83 hectare of sorghum or 0.60 hectare of tomato or
0.93 hectare of onion can be irrigated from 41.68 ha.cm of
water saved from a hectare by following Drip system in
sugarcane. Through the water saved we canirrigate additional
areas of other crops (in cropping pattern) in the samplefarms.
Thereby, theincrease in area under cultivation of acash crop
like sugarcane can be replaced with other food crops of the
region. But, there must be a consideration in including
additional areas, about the groundwater development in the
region. For a “critical-exploited’ and ‘over exploited’ region
including additional area into farming with water saved
through improved technologies may lead to ‘rebound effect’
asit iswidely concerned. Instead, including additional area
into farming with water saved through improved technologies
can be recommended in “safe’ and ‘semi-critical’ regions. Thus
the future of food security system aswell asthe quality of life
and livelihood of millions of peopleto alarge extent depend
on our ability to conserve and utilize ground water resources
inan environment friendly, economically efficient and socially
equitable manner.

Note:

The ground water development depends upon, stage of
groundwater development and long term pre and post
monsoon water levels. The details on the categorisation of
regions based on groundwater development aregivenin Table
3

REFERENCES

—_—e

Cuykendal, C.H., White, GB., Shaffer, B.E., Lakso, A.N. and Dungt,
R.M. (1999). Economicsof dripirrigation for juice grape
vineyardsin New York state. Department of Agricultural,
Resource and Managerial Economics, Cornell University,
NEW YORK, U.SA.

Dhawan, B.D. (2000). Drip irrigation: Evaluating returns. Econ. &
Politi. Weekly, 35(42): 3775-3780.

Dhawan, B.D. (2002). Technologica changeinirrigated agriculture:
A study of water saving methods. Commonwealth
Publishers, NEW DELHI, INDIA.



P. ASHA PRIYANKA AND M. CHANDRASEKARAN

Dunage, V.S., Balakrishnan, P. and Patil, M.G (2009). Water use
efficiency and economics of tomato using drip irrigation
under netthouse conditions. Karnataka J. Agric. Sci., 22(1)
: 133-136.

Gibbions, D.C. (1987). The economic value of water. Resources for
the future. WASHINGTON, D.C. , U.SA.

Ground Water Year Book 2012-13. (2013). Central ground water
board. Ministry of Water Resources, Faridabad
(HARYANA) INDIA.

Hanaa, M. Darouich, Celestina, M.G. Pedras, José, M. Gongalves
and Luis, S. Pereira. (2014). Drip vs. surfaceirrigation: A
comparison focussing on water saving and economic
returns using multicriteria analysis applied to cotton.
Biosystems Engg., 122: 74-90.

Indian National Committee on Irrigation and Drainage (INCID).
(1994). Drip irrigation in India. INCID, NEW DELHI
(INDIA).

Karthikeyan, Chandrasekaran, Sureshkumar, Devarajulu and
Palanisami, Kuppannan. (2009). Farmers’ willingness to
pay for irrigation water: A case of tank irrigation systems
in south India. Water, 1 : 5-18.

Kumar, D.S.and Palanisami, K. (2011). Can drip irrigation technology
be socially beneficia ? Evidence from Southern India. Water
Policy, 13: 571-587.

Kumar, D.S. (2012). Adoption of drip irrigation system in India:
Some experience and evidence. Bangladesh Develop. Sud.,
35(1): 61-78.

Kulecho, I.K. and Weatherhead, E.K. (2005). Reasonsfor smallholder
farmers discontinuing with low cost micro irrigation: A
case study fromKenya. Irrig. & Drain. Syst., 19(2) : 179-
188.

Namara, Regassa E., Upadhyay, Bhawana and Nagar, R.K. (2005).
Adoption and impacts of microirrigation technologies:
Empirical results from selected localities of Maharashtra
and Gujarat States of India. Research Report 93.
International Water M anagement Institute. Colombo, Sri
Lanka.

Narayanamoorthy, A. (1997). Drip irrigation: A viable option for
futureirrigation development. Productivity, 38(3):504-511.

Narayanamoorthy, A. (2003). Averting water crisis by drip method
of irrigation: A study of two water intensive crops. Indian
J. Agric. Econ., 58(3) : 427-437.

Negri, H. Donald and John, J. Hanchar (1989). Water conservation
through irrigation technology. Economic Research Service.
United States Department of Agriculture.

Paanisami, K., Kadiri Mohan, K.R., Kakumanu and Raman, S.
(2011). Spread and economicsof micro-irrigation in India:
Evidencefrom nine states. Econ. & Politi. \Weekly, 46 (26&
27): 81-87.

Qureshi, M. E., Wegener, M. K., Harrison, S. R. and Bristow, K. L.
(2001). Economic eva uation of dternateirrigation systems
for sugarcane in the Burdekin deltain North Queensland.
Australia. In Water Resource Management. Brebbia, C. A.
Anagnostopoulos, K., Katsifarakis, K. and Cheng, A. H.D.
(eds). WIT Press, Boston, 47-57pp.

Reddy, Mallikarjun, Ayyanagowdar, M.S., Nemichandrappa, M.,
Balakrishnan, P., Patil, M.G.,, Polisgowdar, B.S. and
Satishkumar, U. (2012). Techno economic feasibility of
drip irrigation for onion (Alluim cepa L.). Karnataka J.
Agric. i, 5(4) : 475-478.

Shrivastava, Ashok K., Srivastava, Arun K. and Solomon, Sushil
(2011). Sustaining sugarcane productivity under depleting
water resources, Curr. Sci., 101(6): 748-754.

Sivanappan, R.K. (1994). Prospects of Micro-irrigation in India.
Irrig. & Drain. Syst., 8(1) : 49-58.

Statistical YearBook (2011-12). for Coimbatore district, Government
of Tamil Nadu.

Statistical Year Book (2011-12). for Erode District, Government of
Tamil Nadu.

State of Indian Agriculture (2012-13). Department of agriculture
and co-operation, NEW DELHI, INDIA.

Tamil Nadu Electricity Regulatory Commission (TNERC) (2013).
Determination of Tariff for Generation and Distribution,
Government of Tamil Nadu.

EWEBLIOGRAPHY

www.twadboard.gov.in/twad/map.aspx

Yex
* % % % »xOf EXcellencex x x x x

Internat. J. Com. & Bus. Manage., 8(1) Apr., 2015 : 64-69 E..-j.
HIND INSTITUTE OF COMMERCE AND BUSINESS MANAGEMENT ®



