
International Journal of Advances in Science Engineering and Technology, ISSN(p): 2321 –8991, ISSN(e): 2321 –9009 
Volume-7, Issue-3, Jul.-2019, http://iraj.in 

Climate Variability Impact of Electric Energy –Water Nexus A Case Study on Indian Thermal Power Plants with Empirical Analysis 
 

104 

CLIMATE VARIABILITY IMPACT OF ELECTRIC ENERGY –
WATER NEXUS A CASE STUDY ON INDIAN THERMAL POWER 

PLANTS WITH EMPIRICAL ANALYSIS 
 

PERINI PRAVEENA SRI 
 

Associate Professor Atria Institute of Technology, Anand Nagar, Bangalore, India 
E-mail: sriveena.perini@gmail.com 

 
 
Abstract - This paper employs a long panel data set of few selected Indian thermal power plants by fuel type that are 
thermal based for the time period 2000-2001 to 2008-2009 to test certain hypotheses regarding thermal power plants 
performance with respect to water withdrawals vis-a-vis power generation relative to normal seasonal variation.  The study 
finds strong robust evidence in support of water shortage owing to the impact of changing climate. It forecasts the trend 
equations for water withdrawals and loss of electric generation for the succeeding time period of 2009-2013.The study 
suggests the imperative need of technological breakthroughs as an effective solution to counteract against the odds of 
climatic anomalies. Keeping in view of resource inefficiency i.e in terms of water utilization, this paper suggests pertinent 
sustainable developmental management strategies as a policy recommendation to abridge   the water gap in arid regions of 
selected thermal power plants. 
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I. INTRODUCTION 
 
Seasonal anomalies in water systems and Electricity 
production are inextricably linked. A change in one 
of these systems induces a change in the other. 
Therefore, there is an imperative need to better 
understand the interrelationship of Electric Energy- 
Water nexus for effective management of serious 
water related power generation issues. This paper 
gauges the effects of the few of overlaps and gaps 
between seasonal anomalies in water availability and 
growth of power generation in rainy, summer, winter 
and post monsoon season for power plants of thermal 
power energy. The purpose of this paper is to 
examine water use estimation in thermal electric 
power plants in selected regions i.e. Coastal, 
Rayalaseema and Telangana regions of Andhra 
Pradesh.  The study primarily focuses on the realistic 
fundamental premise that thermal electric energy 
generation is responsible for the largest monthly 
volume of water withdrawals in four seasons (i.e. 
summer, rainy, winter and post monsoon season) of a 
year, despite the international standard norm of water 
footprint for thermal plants should be strictly adhered 
to 2.5 m³/ MWhr.  These enormous water 
withdrawals by these thermal power plants can have 
significant influence on local surface water resources. 
Further the study monitors and evaluates the seasonal 
patterns for monthly data of fresh water withdrawals 
in four seasons namely rainy, winter, summer and 
post monsoon season and tracks its impact on current 
production of electricity. 
 
Research Objectives 

1. To estimate present and future aggregate 
water availability and loss of generation 
requirements associated with power plant 
type.  

2. To highlight and document water sustainable 
management techniques in Electricity 
Industry for meeting present and future 
Electricity Generation needs. 

 
Hypothesis to Be Tested 
The seasonal impact of fresh water availability on 
Electric Energy production and its Plant load factor 
Reference Period:  2000-2001 to 2008- 2009.  
Sampling Design:  Three regions of Andhra Pradesh 
viz; Coastal Andhra Pradesh, Rayalaseema and 
Telangana are selected.  In each of these regions one 
power plant by fuel type (both non-renewable source 
will be selected. They can be listed as follows: 
Selected power plant in three regions of Andhra 
Pradesh 
 
II. STATISTICAL MODELLING FOR 
VULNERABILITIES OF WATER SHORTAGES 
TO ELECTRICITY GENERATION 
 
This paper tries to estimate seasonal variation with 
respect to water withdrawal trends and loss of power 
generation due to water shortage for a particular 
power plant by fuel type. For this it mainly focuses 
on computing an index of seasonal variation for 
quarterly data by using Ratio-to- moving average 
method. By this method, in a time series data, an 
analysis of seasonal fluctuations over a period of 
months i.e., for the period 2000-2001 to 2008-2009 
helps in evaluating water withdrawals and loss of 
generation. 
 
III. DATA ANALYSIS AND RESULTS: CASE 
STUDIES OF THERMAL POWER PLANTS 
 
Narla Tata Rao Thermal Power Station: Water 
Source--- Krishna River: Let us consider year 2005-
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06 for the estimation of water foot print for 1 MW of 
electricity produced.  Using water foot printing 
techniques,  The water foot prints in summer season 
were in the range between 78.72 to 120 m3 /MWhr, 
rainy season ranging from the level of 77.4 to 153 
m3/MWhr, in winter season varies from 123 to 129 
m3/MWhr and in post monsoon season varies from 
133 to 143 m3/MWhr. The underlying reason for 
considerably low level of water footprints in lean 
season was due to operation of Induced Draft Cooling 
water technology. For the remaining seasons where 
there is no induction of cooling technology, the water 
requirement was high in relative comparison with 
World Standards of water requirement for a coal 
based power plant that stood at 3.4 m3 /MWhr. On 
the whole, for the year 2005-06, the average water 
foot print for 1 MWhr of electricity provided in 
NTTPs is minimum at 115 m3 /MWhr with cooling 
technology and without cooling technology during 
2002-03 recorded the WF’s 150.6 m3 /MWhr. 
Kothagudaem Thermal Power Plant: Water 
Source--- Kinnersani Reservoir: In KTPS O&M for 
2008-09 during summer season the water foot prints 
varied from 5.9 to 7.5 m³/ MWHR that were 
considerably low in comparison with other seasons 
i.e. Rainy Season: 5.2 to 7.6 m³/ MWHR, Winter 
Season: 6.9 to 7.6 m³/ MWHR and Post monsoon 
season: 7.2 to 7.5 m³/ MWHR. As far as KTPS V for 
2005-06 is concerned, the water foot prints during 
four seasons were recorded as summer season: 4.6 to 
5.1 m³/ MWHR, Rainy Season: 3.6 to 5.2 m³/ 
MWHR, Winter Season: 4.6 to 4.9 m³/ MWHR and 
Post Monsoon Season: 4.9 to 5.1 m³/ MWHR. This 
range of water foot prints indicates that the typical 
water consumption for 1 MW of electricity produced 
was much lower in comparison with NTTPs. The 
underlying fact behind this is KTPS O& M has an 
inbuilt cooling tower system, but despite that it 
encountered water shortage problem. Rayalaseema 
Thermal Power Plant: Water Source--- 
Mylavaram Reservoir: For the year 2005-06, the 
water foot prints in summer season recorded at   4.7 
to 6.9 m³/ MWHR that were considerably low in 
comparison with other seasons that varied between 
Rainy Season: 7.8 to 14.9 m³/ MWH, Winter Season: 
5.3 to 14.9 m³/ MWHR and Post Monsoon Season: 
6.1 to 17.1 m³/ MWHR . This range of water foot 
prints indicates that the typical water consumption for 
1 MW of electricity produced was much lower in 
comparison with NTTPs due to natural draft cooling 
towers. But despite that the power station faced water 
shortages. . It is increasingly evident that to produce 1 
MW of electricity KTPS recorded lesser water foot 
prints in comparison with other thermal power plants. 
The field-based results of selected thermal energy 
types of power stations indicate that they are resource 
inefficient, by unable to meet the International 
Standard Water Footprint Criteria that stood at 2.5 
cubic meters. 
 

Case Study: 1 Narla Tata Rao Thermal Power 
Plant 
Installed Capacity: 6 x 210 MW, Per day generation 
= 210 x 24 hrs = 5040/1000 = 5.04 MU and Per 
month growth of generation = 5.04 x6x 30 = 907.2 
MU. During 2003-04 
 April month Actual Generation (AG) = 876.95 

MU 
 Loss of Generation (LG) due to high grid 

frequency, loss due to outages, coal problem, 
outage of auxiliaries, auxiliary consumption  = 
22.44+3.14+1.10+10.02+78.601 = 115.301 MU 

 Actual Generation –Loss of Generation due to 
other factors   = 876.95 – 115.301 = 761.65 MU 

 Installed Generation- Final Actual generation 
(after deduction of LG due to other factors) = 
907.2-761.65 = 145 MU. In a similar manner for 
remaining consecutive months calculations were 
made. 

Therefore, ultimately the Loss of Generation due to 
Water Shortage for summer months is 145 
+141.97+77.405= 364 or 3.64 hundred million units. 
The calculated figures of Loss of Generation during 
rainy, winter and post monsoon season are 6.62, 7.84 
and 5.71 hundred million units. In similar manner for 
all the quarters (4 seasons), Loss of Generation due to 
Water Shortage during (2003-04 to 2008-09) has 
been calculated and SVI has been applied. 
 
Case Study 2: Kothagudaem Thermal Power 
Plant O&M 
Installed Capacity: KTPS A, B, C 4x60+2x120 
+2x120 = 720. As each station A, B and C comprises 
of different capacities, 720 Installed Capacity of 
Generation  is taken as standard for calculation of 
Loss of Generation. 
During 2008-09 
 April month Actual Generation= 370.56 MU 
 Loss of Generation due to poor quality of coal, 

outage on auxiliaries, auxiliary consumption and 
forced outage = 39.05 +23.24+31.33+55.80 = 
149.42 MU 

 Actual Generation –LG due to other factors = 
370.56-149.42 = 221.14 MU 

 Installed Generation capacity -  Loss of 
Generation due to miscellaneous factors =720-
221.14 =498 MU 

 Therefore LG due to water shortage = 498 MU 
 The calculated figures of LG during rainy, winter 

and post monsoon season are 21.86, 14.71 and 
11.53 hundred million units. In similar manner 
for all the quarters (4 seasons), LG due to WS 
during (2003-04 to 2008-09) has been calculated 
and SVI has been applied. 

 
Case Study 3: Rayalaseema Thermal power Plant 
 Installed Capacity= 2x210MW 
 Per month installed generation = 5.04x2x30= 

302.4 MU 
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During 2005-06 
 April month actual generation = 234 MU 
 LG due to partial loading due to poor quality 

coal, auxiliary consumption = 56.99 MU 
 = Actual generation- Loss of Generation due to 

other factors = 234-56.99 = 177.01 MU 
 Installed Generation = 302.4-177.01 =125.39 
 Therefore LG due to water shortage = 125.39 

MU 
In a similar manner for all the three selected three 
thermal power stations, the Seasonal variation has 
been applied by following the above-mentioned 
procedures. 
 
IV. EMPIRICAL RESULTS OF SELECTED 
THERMAL POWER PLANTS W.R.T TO 
WATER WITHDRAWALS (WD) VS LOSS OF 
GENERATION (LG) AFTER APPLICATION 
OF SEASONAL VARIATION INDEX 
 
Kothagudaem Thermal Power Station O &M: 
2003-04 to 2008-09 For a period of seven years, the 
four quarter wise results after application of seasonal 
variation index indicate that I (i) Summer Season 
with water temperature of  380 C ranks I , that 
recorded less water withdrawals in comparison with 
rainy  , moderately high loss of generation. Less WD- 
with an index of 137.67 and moderately high LG- 
with an index of 105.67 (ii) Rainy Season with water 
temperature of  320 C to 34 0 C ranks II with more 
water withdrawals and high loss of generation More 
WD-with an index of 152.37 and High LG- with an 
index of 153.75 (iii)Winter Season with water 
temperature of 270 C to 32 0 C ranks III with 
moderate water withdrawals and moderate loss of 
generation.  Moderate WD- with an index of 65.3 and 
Moderate LG with an index of 79.33  (II) Post 
Monsoon season with water temperature of 31 0 C 
ranks IV with moderate water withdrawals and 
moderate loss of generation. Moderate WD- with an 
index of 62.73 and Moderate LG with an index of 
59.5 
Projections: 2009-2010 to 2013-2014 Trend 
Equations: WD- Y=1.97-0.09X and LG-
Y=1.7+0.15X 
I Post Monsoon Season ranks I with more negative 
WD (varying from -0.69 to -1.27 hundred million 
cubic meters with very moderate LG (that varies from 
3.5 to 4.92 thousand million units). (II) Winter 
Season ranks II with more negative WD (varying 
from -0.3 to -0.2 hundred million cubic meters with 
moderate loss of generation (that varies from 4.56 to 
6.46 thousand MU) (III)Summer and Rainy Season 
ranks III and IV: moderate negative WDs with very 
high loss of Generation. 
 
NarlaTata Rao Thermal Power Station: 2003-04 to 
2008-09 I Rainy Season with water temperature of  
310 C to 34 0 C ranks I with more water withdrawals 
and high loss of generation.  More WD – with an 

index of 119.33 and More LG- with an index of 
152.33. II Summer Season with water temperature of  
380 C ranks II, that recorded more water withdrawals 
and moderately high loss of generation (with slightest 
variation of decrease )More WD –with an index of 
119.33 and More LG- with an index of 107  
III.Winter Season with water temperature of 270 C 
ranks II with moderate water withdrawals and 
moderate loss of generation. Moderate WD- with an 
index of 60.67 and Moderate LG- with an index of 
98. IV Post monsoon Season with water temperature 
of 310 C ranks II with moderate water withdrawals 
and moderate loss of generation. Moderate WD- with 
an index of 60.67 and Moderate LG with an index of 
40.67 
Projections: 2009-2010 to 2013-2014 Trend 
Equations: WD- y = 24 - 0.33 x and LG- y = 65.0 – 
0.12 x 
(I)Summer season ranks I with more WD ( varying 
from 18.58 to 12.27 hundred million cubic meters 
with more LG (that varies from 66.17 to 64.16 
hundred MU) (II)Rainy season ranks II with more 
WD (varying from 18.2 to 11.89 hundred million 
cubic meters) with more LG (that varies from 94.21 
to 91.28 hundred MU)(III) Winter season ranks III 
with moderate WD (varying from 9.13 to 5.93 
hundred million cubic meters with more LG (that 
varies from 60.53 to 57.94 hundred MU)(IV) Post 
Monsoon season ranks II with moderate WD (varying 
from 8.95 to 5.73 hundred million cubic meters with 
moderate LG (that varies from 25.07 to 24.28 
hundred 
 
Rayalaseema Thermal Power Plant: 2005-06 to 
2008-09: I Summer Season with water temperature of  
370 C   ranks I with more water withdrawals and high 
loss of generation. More WD- with an index of 
123.33 and More LG- with an index of 109.67 II 
Rainy season with water temperature  310 C to 33 0 C 
of ranks II with more water withdrawals and high loss 
of generation. More WD- with an index of 119.33   
and More LG with an index of 162.III.Winter season 
with water temperature  280 C to 30 0 C of ranks with 
moderate water withdrawals and moderate loss of 
generation. Moderate WD- with an index of 82.67 
and Moderate LG with an index of 85.33 IV Post 
monsoon season with water temperature   31 0 C of 
ranks IV with moderate water withdrawals and 
moderate loss of generation. Moderate WD-with an 
index of 74.67 and Moderate LG- with an index of 42 
Projections: 2009-2010 to 2013-2014 Trend 
Equations: WD- y = 2.1 + 0.27 x and LG- y = 4.09 -
 0.19 x 
(I)Rainy season ranks I with more WD (varying from 
8.5 to 32.48 hundred million cubic meters) with 
negative values of LG (that varies from 0.95 to -2.73 
MU) – Poor quality of water and shortage of quality 
water.(II) Summer season ranks II with more WD 
(varying from 8.46 to 15.2 hundred million cubic 
meters) with negative values of LG (that varies from 
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0.75 to -2.53 MU) – Poor quality of water and 
shortage of quality water.(III)Winter season ranks III 
with moderate WD (varying from 5.94 to 6.21 
hundred million cubic meters) with negative values of 
LG (that varies from 0.38 to-2.13 MU)—Shortage of 
quality water. (IV)Post monsoon season with 
moderate WD (varying from 5.6 to 7.03 hundred 
million cubic meters) with negative values of LG 
(that varies from 0.107 to-1.13 MU)—Shortage of 
quality water. 
 
V. WATER EFFICIENCY MANAGEMENT 
STRATEGIES FOR SUSTAINABLE 
DEVELOPMENT OF ELECTRICITY 
GENERATION 
 
Documentation of Field Based Experiences: 
Rayalaseema Thermal Power Plant (RTPP): 
Technological Breakthrough for Fly Ash Disposal 
(High Concentration Slurry Disposal Pump) 
In any thermal power plant fly ash disposal involves 
huge process where in we require large quantities of 
water. Generally, in RTPP for disposal of fly ash the 
ratio is in the form of 1:6. This means for disposal of 
1 percent of fly ash, normally 6 percent of water is 
required. This at times mostly during lean seasons is 
leading to water shortage for core process of 
electricity generation. Under these circumstances, 
technology (GEHO) played a vital role, by bringing 
down the ratio to 1:0.7. The Ash Disposal System for 
RTPP stage II, unit 3 and unit 4 is to supply to the 
plant requirement of fly ash disposal in a high 
concentration slurry mix form (HCSD). The entire 
system consists of the following mechanism that 
involves the following stages 
Setting a mile stone through Effluent Treatment 
Plant and Recycling System: RTPP-   Stage II- 
Unit 3 and 4 EFFLUENT TREATMENT PLANT 
AND RECYCLING SYSTEM  All the effluents are 
effectively tackled using the treatment plant. 

Conclusions: Power plants are using other measures 
to conserve water such as installing ash water 
recirculation system, stopping discharge from ash 
pond effluents, adopting high and medium 
concentration ash slurry disposal systems, 
maintaining of high cycle of concentration in cooling 
towers and use of cooling tower blow down for 
disposal of bottom ash. These measures have helped 
bring down the total water requirement in a closed 
cycle system for a thermal power plant from seven 
cubic metres per MWh to about three cubic metres. 
The future thermal plants that will be set up after 
January 2017 have to achieve 2.5 m3/MWh. But, 
considering the future water demand from 
forthcoming thermal power plants and sectors like 
agriculture and domestic use, reducing water 
consumption in power plants will have only a quick-
fix effect in improving overall water balance of the 
country. 
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APPENDIX: TABLE 1 

 
KOTHAGUDAEM O &M THERMAL POWER STATION 

SCENARIO OF WATER WITHDRAWALS: 

Year  
Water with drawals  

(hundred million cubic 
meters) 

X-code 4-q-m-a centered 
Specific 
Seasonal 

Deseasonalised 

2003-04 1 Summer 2.09 1    1.9 

 2 Rainy 2.32 2    1.92 

 3 Winter 1.58 3 1.8 1.8 0.88 1.61 

 4 Post Monsoon 1.21 4 1.7 1.7 0.71 1.29 

2004-05 1 1.77 5 1.7 1.7 1.04 1.67 

 2 2.08 6 1.8 1.8 1.16 1.71 

 3 1.97 7 1.9 1.9 1.04 2.01 

 4 1.92 8 1.9 1.8 1.07 2.04 

2005-06 1 1.67 9 1.8 1.7 0.98 1.6 
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 2 1.50 10 1.7 1.6 0.94 1.2 

 3 1.53 11 1.6 1.6 0.96 1.6 

 4 1.70 12 1.7 1.7 1 1.8 

2006-07 1 2.04 13 1.8 1.8 1.13 1.94 

 2 1.76 14 1.8 1.8 0.98 1.46 

 3 1.84 15 1.8 1.8 1.02 1.88 

 4 1.62 16 1.8 1.8 0.96 1.72 

2007-08 1 1.90 17 1.8 1.8 1.05 1.81 

 2 1.82 18 1.8 1.8 1.01 1.5 

 3 1.77 19 1.8 1.8 0.98 1.81 

 4 1.66 20 1.7 1.7 0.98 1.76 

2008-09 1 1.68 21 1.7 1.7 0.99 1.6 

 2 1.58 22 1.7 1.6 0.99 1.3 

 3 1.69 23 1.6   1.72 

 4 1.56 24    1.66 

 
Calculation of Seasonal index 

Year 
Summer 

(Dry Season) 
Rainy 

( wet Season) 
Winter 

(Cold season) 
Post Monsoon 

2003-04   0.88 0.71 

2004-05 1.04 1.16 1.04 1.07 

2005-06 0.98 0.94 0.96 1 

2006-07 1.13 0.98 1.02 0.9 

2007-08 1.05 1.01 0.98 0.98 

2008-09 0.99 0.99   

Total 5.19 5.08 4.88 4.66 
Unadjusted 

Seasonal 
Mean 

1.04 1.02 0.97 0.93 

Adjusted 
Seasonal 

1.05 1.21 0.98 0.941 

Seasonal 
Index 

105 121 98 94.1 

 
As per the Indian monsoon conditions, the Seasonal index values calculated are as follows: 

Final 
SVI 

105 +32.67 
=137.67 

121+31.37 
=152.37 

98-32.67 
=65.33 

94.1-31.37 
=62.73 

 
Correction factor = 4/3.97 = 1.01 
Trend equation: y = 1.97 - 0.09 x 
 
Seasonalized Forecast of Water withdrawals 

Year X-code 
Trend 

Unadjusted 
Forecast 

Seasonal Index 

Forecast 
Seasonal Adjusted 

(in  hundred 
million cubic 

meters) 
2009-10     
Summer 25 -0.28 1.05 -0.29 
Rainy 26 -0.4 1.21 -0.48 
Winter 27 -0.46 0.98 -0.45 
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Post Monsoon 28 -0.55 0.94 -0.52 
2010-2011     
Summer 29 -0.64 1.05 -0.67 
Rainy 30 -0.73 1.21 -0.89 
Winter 31 -0.82 0.98 -0.80 

Post Monsoon 32 -0.91 0.94 -0.86 
2011-2012     
Summer 33 -1 1.05 -1.05 
Rainy 34 -1.09 1.21 -1.32 
Winter 35 -1.18 0.98 -1.16 

Post Monsoon 36 -1.27 0.94 -1.19 
2012-2013     
Summer 37 -1.36 1.05 -1.43 
Rainy 38 -1.45 1.21 -1.75 
Winter 39 -1.54 0.98 -1.51 

Post Monsoon 40 -1.63 0.94 -1.5 
2013-2014     
Summer 41 -1.72 1.05 -1.8 
Rainy 42 -1.81 1.21 -2.2 
Winter 43 -1.9 0.98 -1.8 

Post Monsoon 44 -1.99 0.94 -1.9 
 

 
 
 
 
 
 
 
 
 
 
 
 

 


