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Abstract: This paper is concerned with modeling the possible future paths of electricity sector of an Indian state, Tamil Nadu (TN). Sources of 
renewable energies (wind, solar energy) are environmentally friendly and electric power generation in TN has concentrated on new and renewable 
energy technologies (RETs). TN power sector has 34% of installed capacities from on shore wind plants in the year 2013. The main objective of this 
paper is to study the environmental influence of renewable energies on existing electricity generation market of TN with energy-economic model called 
‘Long-range Energy Alternative planning system’ (LEAP). In this paper, two scenarios, based on the penetration of RET, low and high RET scenarios 
have been modeled. For each scenario, the global warming potential is predicted quantitatively. The effects of demand side managements (DSM) and 
supply side management (SSM) are quantitatively examined in terms of environmental implication of all scenarios. 
 
Index Terms: Demand side management, Energy planning, One hundred year global warming potential, Renewable energy technologies, Supply side 
management. 

———————————————————— 

 

I. TAMIL NADU POWER SECTOR-AN 

INTRODUCTION 
The total energy required by the state will be fulfilled by the 
state owned plants, Central government share and private 
power sectors, i.e., Independent Power Producers (IPPs). The 
state owned power plants; Tamil Nadu GEneration and 
Distribution Corporation Limited (TANGEDCO) operate and 
control the following power plants with capacity. 

✔ Coal based Thermal plants - 4770 MW 
✔ Hydro plants-2191 MW 
✔ Gas turbine plant-515 MW 

The Central Government Share is 3830 MW which contains 
coal based and nuclear power plants. IPPs (private sectors) 
also operate the following power plants 

✔ Gas -503 MW 
✔ Oil -412 MW   
✔ Coal -550 MW 
✔ Wind mill-7,076 MW 

 

2. LITERATURE REVIEW 
For the past few years, TN had been facing huge power 
deficits particularly during peak hours. Due to this all the 
sectors including domestic, commercial and industrial were 
affected and which lead to production loss and loss of income 
and therefore the reliability of the TN power system is less. 
i.e., demand was satisfied partially.  The reliability of the TN 
power grid for the year 2012 in terms of loss of load probability 
(LOLP) and Energy Not Served (ENS) has been analyzed in 
[5].  
 
 
 
 
 
 
 
 
 
 
 
 

 
The generation expansion planning (GEP) problem has been 
analyzed for different penetration level of RETs in [6]. The test 
system was considered as TN power system. In [7], climate 
aware generation planning has been proposed for the same 
power system and author suggested that cost of power 
generation will be more than that of power which is imported 
from Bhutan. Though the present installed capacity (20,717 
MW) is sufficiently higher than peak demand of 12118 MW 
(reserve capacity is 71%), still the power shortage continues. 
It is due to the fact that actual power derived from the 
generators is less than the peak demand. Some coal based 
power plants are still working beyond its life time with less 
capacity factor. This is also due to intermittent nature of 
renewable plants which accounts 49% of total installed 
capacities. The power deficit can be minimized considerably 
by implementing the DSM and SSM techniques. A brief review 
of bottom-up energy models has been discussed and 
proposed a sustainable long-term electricity supply-demand 
framework. In this proposed framework, DSM is considered as 
one of the scenario in the demand side and in supply side, the 
utilization of locally available renewable energy resources is 
considered [8]. The effects of several demand and supply side 
management strategies on resource depletion and 
environmental emissions for Iranian power sector have been 
analyzed in [9]. The energy security characteristics of different 
quantitative energy paths in Northeast Asia have been 
designed by the Nautilus Institute, USA using LEAP [10]. The 
possible future paths for Lebanon’s electricity have been 
modeled and evaluated using LEAP software. In this model 
three different scenarios have been discussed such as 
renewable energy scenario (RES) and the natural gas 
scenario (NGS) and business-as-usual scenario (BAS). The 
results show that RES and NGS scenarios are 
environmentally and economically more attractive than the 
business-as-usual scenario [11]. The role of renewable energy 
technologies (RETs) on climate change has been discussed 
for Nepal. The different RETs such as biogas, improved 
cooking stoves (ICSs), micro hydro (MH) and solar power 
(SP) are considered in this analysis. The results show that the 
planned implementation of MH, SP, biogas, and ICSs will 
result in the reduction of CO2 emissions [12]. The Panama 
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power sector has been analyzed with different scenarios such 
as Business as Usual, maximizes resource diversity, and 
minimizes global warming potential. [13]. The current status 
and recent trends of the Japanese energy sector focusing on 
policies related to climate change targets, renewable energy 
development and deployment, liberalization of energy 
markets, and the evolution of the Japanese nuclear power 
sector are discussed in [14]. The current electricity generation 
and the future expansion plans for Nigeria electricity sector 
has been analyzed using LEAP [15]. The economic and 
environmental influence of renewable energies on existing 
electricity generation market of South Korea is discussed with 
different scenarios like BAS, the installation of different 
renewable energy sources and technological improvement 
[16]. There is a very little literature survey available for a 
system like TN power system, which has 49% of total installed 
capacities from renewable powers. In this paper, DSM 
principle such as shifting of peak loads (10%) to off peak 
hours and thereby increasing the load factor. In addition to 
DSM, the SSM is also considered for all thermal plants by 
increasing its process efficiency. These effects are analyzed 
in two scenarios, i.e., low RET (contribution of RETs is 15-
20%) and high RET scenarios (contribution of RETs is 35-
40%) using LEAP software. The one hundred year global 
warming potentials are also estimated quantitatively. The rest 
of the paper is as follows. Chapter 3 describes implementation 
in LEAP software. Chapter 4 describes results and 
discussions and chapter 5 concludes. 
 

3. Implementation in LEAP 
The electricity planning for TN power grid has been analyzed 
using LEAP software for the duration of thirty years from 2013 
-2042.  
 
3.1 Load data 
The detailed load data for the TN power system is available in 
[17]. The annual load factor of the year 2013 was 87%. The 
peak load of TN power system was 12118 MW in the base 
year 2013. The total energy requirement was 91880 GWh in 
2013. 
 
3.2 Forecasted peak demand 
In the base year the total energy requirement was 91880 
GWh. It has been assumed that energy requirement increases 
by 7% of previous year. In the base year the peak load was 
12,118 MW and it is increased to 85,650 MW in 2042. 
 
3.3 Capacity retired 
There are many coal plants which were installed during 
1960s-1970s and they are already crossed their lifetimes are 
retired during the study periods. One plant of capacity 500 
MW owned by central government and six state owned plants 
totaling 1710 MW will get  retired in subsequent years. The 
total capacity retired during the study period will be 2,210 MW. 
 

4. Results and Discussions 
In this chapter, results obtained for low RET scenario and high 
RET scenario with and without DSM and SSM are discussed. 
 
4.1 Low RET scenario without DSM and SSM  
In this case, the penetration of RET is restricted from 15 to 
20% in the year 2042. Both wind and solar plants are 
considered in addition to thermal and nuclear plants to meet 

the future load requirements. The penetration of solar is 
considered as less compared to wind power and DSM and 
SSM are not considered in this analysis. Figure 1 shows that 
one hundred year global warming potential (CO2 equivalent) of 
this scenario. It is calculated based on the technology 
database used in LEAP software. In the base year, CO2 
equivalent will be 51.9 Million metric tonne. It is quite less 
because RET contribution was 49% in 2013 and it will be 
increased to 376 million metric tonne (17%) in 2042. 

 
Figure 1: One hundred year global warming potential 

 
4.2 Low RET scenario with DSM and SSM  
In this scenario, both DSM and SSM are considered. For 
DSM, 10% of peak load is shifted to off peak hours and 
thereby leveling the load duration curve. Now after shifting the 
10% of peak load, the load factor is increased to 88.6%. In 
SSM, the process efficiency of the thermal plants is increased 
by additional 5%. The implementation of both DSM and SSM 
is considered in this analysis from the year 2013 onwards. 
The retirement of plants is also considered as in the previous 
case.  Figure 2 shows that one hundred year global warming 
potential (CO2 equivalent) of this case. In the base year, CO2 
equivalent will be 44.8 Million metric tonne. It is quite less 
because RET contribution was 49% in 2013 and it will be 
increased to 322.4 million metric ton.  

 
Figure 2: One hundred year global warming potential (with 
DSM and SSM) 
 
4.3 High RET scenario without DSM and SSM  
In this case, the penetration of RETs is 36.1% in the year 
2042. RETs like wind, biomass and solar plants are 
considered in addition to thermal and nuclear plants to meet 
the future load requirements. The penetration of solar is 
considered more compared to previous scenario and DSM 
and SSM are not considered in this analysis. Figure 3 shows 
that one hundred year global warming potential (CO2 
equivalent) of this scenario. It is calculated based on the 
technology data base used in LEAP software. In the base 
year, CO2 equivalent will be 51.9 Million metric tonne. It is 
quite less because RET contribution was 49% in 2013 and it 
will be increased to 325.4 million metric tonne. This is less 
compared to previous scenario due to more penetration of 
RETs. 
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Figure 3: One hundred year global warming potential 
 
4.4 High RET scenario with DSM and SSM  
In this scenario, both DSM and SSM are considered. For 
DSM, 10% of peak load is shifted to off peak hours and 
thereby leveling the load duration curve. Now after shifting the 
10% of peak load, the load factor is increased to 88.6%. In 
SSM, the process efficiency of the thermal plants is increased 
by additional 5%. The implementation of both DSM and SSM 
is considered in this analysis from the year 2013 onwards. 
The retirement of plants is also considered as in the previous 
case. Figure 4 shows that one hundred year global warming 
potential (CO2 equivalent) of this case. In the base year, CO2 
equivalent will be 44.8 Million metric tonne. It is quite less 
because RET contribution was 49% in 2013 and it will be 
increased to 284.8 million metric tonne in the year 2042.   

 
Figure 5: One hundred year global warming potential (with 
DSM and SSM) 
 
4.5. Comparison of all scenarios 
Table 1 shows results comparison of all scenarios. One 
hundred year global warming potential, cost of production, 
Installed capacity and power to be imported are considered in 
this analysis. In environment analysis, the low RET scenario 
without DSM and SSM case has highest global warming 
potential of 376 Million metric tonne in 2042. With 
consideration of DSM and SSM it can be reduced by 14.25%. 
For high RET scenario, without DSM and SSM, it will be 325.4 
Million metric tonne in 2042. It can be reduced by 12.48% 
when DSM and SSM are considered. If environment is 
concerned, the high RET with DSM and SSM case is good. 
 
Table 1: comparison of all scenarios 

Year 

One hundred year global warming potential, Million 
metric tone 

High RET scenario Low RET scenario 

Without 
DSM and 
SSM 

With DSM 
and SSM 

Without 
DSM and 
SSM 

With 
 DSM  
and SSM 

2013 51.9 44.8 51.9 44.8 

2014 62.5 54.3 64.8 56.2 

2015 66.5 57.3 68.8 59.6 

2016 69.4 60.3 72.7 62.4 

2017 73.3 62.7 76.7 66.3 

2018 76.9 66.8 80.7 70.1 

2019 81.6 70.9 86.7 75.0 

2020 86.5 74.6 92.2 78.8 

2021 92.6 78.9 96.7 83.7 

2022 98.3 83.8 102.9 88.8 

2023 103.2 90.7 109.3 94.5 

2024 108.5 96.3 116.4 100.7 

2025 115.4 101.0 124.0 107.2 

2026 125.2 106.1 132.1 114.2 

2027 133.1 113.6 140.7 121.7 

2028 136.9 122.3 149.4 129.2 

2029 146.2 128.2 159.3 138.2 

2030 158.2 134.2 169.6 147.0 

2031 168.3 143.4 180.6 156.5 

2032 175.9 154.5 192.4 166.7 

2033 184.7 162.2 205.3 177.9 

2034 197.9 169.9 221.1 189.8 

2035 213.8 181.7 236.0 202.1 

2036 228.6 194.8 251.9 215.8 

2037 239.4 210.2 271.1 232.4 

2038 255.6 224.6 289.4 248.1 

2039 267.6 239.6 304.4 267.1 

2040 286.0 250.6 324.4 284.8 

2041 305.2 267.3 349.4 300.0 

2042 325.4 284.8 376.0 322.4 

 

5. CONCLUSION 
In this paper, energy planning of electric sector of an Indian 
state, Tamil Nadu is developed. There are two scenarios: low 
RET and high RET with and without DSM and SSM for thirty 
years have been analyzed and compared in terms of one 
hundred year global warming potential. Retirement of thermal 
plants is also taken into account.  For low RET scenario 
without DSM and SSM case has highest global warming 
potential of 376 Million metric ton in 2042. With consideration 
of DSM and SSM it can be reduced by 14.25%. For high RET 
scenario, without DSM and SSM, it will be 325.4 Million metric 
ton in 2042. It can be reduced by 12.48% when DSM and 
SSM are considered. The results show that with 
implementation of DSM and SSM technologies, the 
environmental pollution impact can be effectively reduced.  
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