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Abstract

In India, at any point of time the power shortagésts and is even higher during peak hours. Ir
absence of demand management, the country haptstienergy as well as this has raised issuesngflo
term energy security for the country. The aim a@$ thork is to find out how much can be supplied
different energy sources and to look into the aHéves availabledr sustainable energy developn
without compromising the overall objectives of egoric and social improvemeniThis model i
subjected to various constraints like potentiamded, running cost and Hydrogen / Carbon ratidatec
load, emission andreviously installed capacities/minimum share in mazing the renewable share:
set as an objective. Tora package has been ussdve this linear program. This model shows
maximum 29% of total requirement can be met by weaide energy. Coal, &, Hydro and Nucle
sources are supplying around 63 % of power requrgrnwith reduced role of coal as compared to
before. We can conclude that power can be prodatesh overall efficiency of 36% while meetin
huge demand of 9, 45,000 GWh of electricity witingiderable supply from renewable.

Keywords: Electricity Demand & Supply, Indian power scenafdptimization Model, Hydrogen/carbon
ratio

1. INTRODUCTION

The power requirement for the country is increasiag to day. The rapid rate of growth of energy deth
could be sustained primarily through increase ipetielence on commercial energy sources such as coal,
oil, natural gas and electricity. However, the gyesupply system that has been developed overdhesy
has intended to depend more and more on commesnilgy resources, the availability of which is
harshly limited. To some extent, subsidized prizkesertain forms of energy also led to an incraasthe
gross energy demand.

This factor has raised questions about the lomg-tsustainability of such an energy supply system.
Moreover, with the fast increase in demand fortbi country has become a serious importer oflaiflia

has a large number of remote small villages aisthnds that lack in the electricity, and
probability of connecting them with the high \agt gridlines in the near future is very poor doe t
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financial and technical constraints. Improving tesbgies of renewable resources and necessary tapaci
addition of them in regular intervals will enhanbeir role and existence against fossil fuels turfe.

2 .Development of the Model

Before the outlook of energy demand and supplyissussed, it may be constructive to understand the
nature of physical resource endowments of the cpuwartd their present status of development. Based o
the current generation, we are urged to installpthwer plants in huge level. Different sources \whiave
ability to supply heavy requirements are to be tified and analyzed, for which the model has been
proposed.

The electricity demand in the country for the y2@20 would be approximately 9, 45,000 GWh [S dgba
2007] is predicted by ANN forecasting model. Thieergy requirement should be met from the feasible
sources. This model shows the appropriate enertignspfor power generations and optimized valuas th
are selected based on factors such as cost, @dtami demand, minimal value and efficiency with
objective as maximizing the renewable sources.abttional targets in the Model are:

B3

» To minimize cost.

Preference will be given to gaseous fuels tharmd gakls in future.
To develop all feasible sources

» Improving overall efficiency of power generation

®,
0.0

®,
0.0

oo

Possible 18 energy options have been considerettét the electricity demand in preliminary stagd an
after hundreds of trials finally the following ttéen options are finalized for this Optimization déh
Several scenarios are developed by varying indalidtonstraints one by one while keeping other
constraints as constant.

3. Base Line Model
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Figure 1 Base Line Solution

Coal is the major contributor with 23% of power glypwhich is followed by hydro (18%), Nuclear (11%)
Gas (10%), Diesel (9%) and Wind (9%) that meetsctintry’s future requirements. Other suppliers are
Bio Diesel, Bio Gas, Solid Waste, Bio Mass Gasjftemall Hydro, Solar and Ethanol are contributifg 3
each. The supply from these minor sources needs & focus on development of latest technologies o
those and intention to install them in massive llef¥&e renewable sources can meet 29 % of power
requirements. By this given objective, overall powgeneration efficiency of 36 % can be reached.nEve
higher values can be achieved only by relieving esah the poor efficient technologies or increasing
efficiencies of these renewable sources.
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Coal is the major player. But this model shows tise of coal power that can be substituted by other
sources like Gas. Coal contribution is always ntbes 50% in the last two or three decades. Thisitoan

be suppressed by emission constraint. And aldwoitild be noted that based on all restrictive sjiatethe
coal will be a preferential choice.

4 .Discussions and Scenarios

Different scenarios are developed by changing tlees of individual constraints. The constraintsegiin
base line model are running at a cost of Rs 3.&/hKemission of 0.6 Kg / KWh, H/C ratio of 1, minim
2% of share from all sources in overall power syppl

4.1 Cost Constraint

We know that the power consumption cost is beirlected from consumers with subsidy. But the same
time, the production costs are increasing day lyy @ais constraint is substituted as compromiseveeh
production charges and consumer’s electricity dRunning cost is lowered up to Rs 3 / KWh in olleaa
strict condition. The renewable energy share dsiced from 29% in the base line solution to 20%whe
restriction is applied. Bio Diesel, Biomass GasifiSolid waste, Ethanol and solar values reducdeir
lower boundary values as entered. Wind, Small hyahab Biogas shares maintain almost the same level a
base line solution. Diesel share is reduced diditifrom their maximum (9%) to minimum (1%) value
when toughest condition is made as mandatory. ekjgerienced that below this cost we can’t supply f
the huge requirement

ECT OF COST VARIATION

= Coal = Diescl = GHW = Nuclcar =l = BMG " BioGas SH - sw Ethanol m Solar

Figure 2. Cost variation versus power generated bindividual source

Coal shows major variation for this overall costueachange. Importantly Coal shows big positive
improvement for cost restriction while other sowréail to maintain its base line values. For 0.6/ R&Vh
cost restriction coal supply sharply arose to 3akh GWh from 2.18 lakh GWh. Based on current statu
only Coal has an ability to increase its show whestriction is made while others suffer a setbdicis
clear that based on cost and efficiency, Coal & ltlest choice for huge power requirement though
restriction is made by emission constraint. Whest @® relaxed to Rs 3.8/KWh the solar shows pasitiv
improvement by 1%. It's obvious that cost is onéhaf major issues in production of electricity.

4.2 Emission Constraint

This constraint is given for reducing pollution azd attempt to reach the international standare. Sitie
effects of this are air pollution and global warmitt is planned for fixing reduced level of emésiat 0.6
kg / kWh. During scenarios the emission valuesradeiced from 0.6 kg to 0 .42 kg/KWh. Coal impor&nc
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has reached the lowest of all scenarios. Its stedaces from 22% to 18%. Diesel share is reduced to
62000 GWh from 85000GWh. Likewise Solid waste bgs@aer generation is reduced to 2.5% from 3%.

As coal shows big decline, almost all the otherrses show their increasing role because coal isndjer
player. Gas shows major positive impact of 1.621I1&%h to compensate for the loss of coal. Remaining
sources are maintaining their highest values alsase line. Once again it's proved that the renesvabl
energy sources are eco-friendly. This constraidicates how important the coal, if the emissiomas
followed. Indirectly emission constraint not onlgstricts the coal but also restricts the fossil hased
technologies.

4.3 Efficiency Constraint

Efficiency of particular technology is a good inalier of technical advancement. Some sources aiadav
low intense energy or not having good conversiahn&ues. But when they came across long path in
efficiency improvement, it's a good sign of thedte involvement. We know that renewable energy ceair
have the problem of higher power production castaddition to that the efficiency is low and thesiteria
which sidelines the presence of renewable.

Once again the Hydro, Nuclear, Wind, Gas, Smallrdy&thanol, Diesel values remains same as baseline
solution when efficiency expectation raised fron?@6 39%.In the baseline model the renewable can
supply 29%.But its supply reduces to 22% when 3€#éiency is aimed in overall. Especially solar whi

has huge potential is severely affected by increasefficiency requirement. Their supply reaches th
higher most of 45000 GWh when 35% efficiency iseptpd in overall.

Solar

mSW

M BGSHET

= BMG

= BD
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m GHW
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1 2 3 4 5 m Coal

Figure 3. Efficiency variation versus power generad by individual source
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4.4 Hydrogen / Carbon Ratio Constraint
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Figure 4. H/C variation versus power generated byndividual source

This is newly introduced constraint ever to show tkality of hydrocarbon usages. When compared to
olden days most of applications are shifted to gasenode [Ramachandran 1999] and also future frend
power generation. The H/C ratio of higher valutaigieted in baseline model. Currently we are inl¢kel

of solid fuel (H/C=1) ie coal, lignite. The maximutarget of using the fuel (H/C=2.5) higher tharuli
has been tried. During this trial,Gas fuel suppdg hise to 24%. The share of gas takes the leadcibwl
(20%).

This model shows Gas can take the main role ineptsfccoal. So it is better to find better gasifioat
methods from liquid and solid hydrocarbons. Povearegation based on gas source is increasing uriform
It has an advantage of less pollution when comptrexther fossil fuel based technologies. In theealce
of this constraint, gas will have poor show duehigh cost and emission than fossil & non fossill fue
sources.

4.5 Minimum Supply Constraint

This constraint is involved to make the low effiti@r high cost or high emission technologies t@ax of
base line solution. The technologies like solar ater developed methods will not be a part of sofy if

this constraint is not incorporated. Minimum of 0% from all sources is made compulsory on all
technologies. Then attempt is made to increase thaiimum role to 1%, 1.5%, 2 and 2.5 %. Forced
introduction of higher values of these technologiéfect the presence of coal and gas. Wind, hydro,
nuclear and diesel maintain their base line sha@smum role by all low and new technologies can b
improved by rectifying their deficiencies and ilktay required capacities which can reduce imparéaaf
coal to some extent.
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Figure 5. Minimum share patrticipation versus powergenerated by individual source
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4.6 Demand Constraint
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Figure 6. Demand variation versus power generatedybindividual source

We know that the demand trend for power supply lagnge as the years pass by. The scenarios are
developed by considering if there is rise in demtrah expected. Demand values are increased by 5%,
10%, 15% and 20% from current demand forecast @odlEthanol are showing variation for change in
additional requirement of power. Hydro, nuclearhdvi small hydro and diesel are already at their
maximum capacity. Their supply will be heavily dedimg on fuel availability throughout the year and
capacity building against political and environnambstacles.

Hydro and nuclear can play the roles of coal arglifj@xcess power generating capacities instaltetl a
making availability of fuel required .Ethanol valabanges from lowest level (2%) in base line mddel
3% for the same condition mentioned above. Coalesahanges heavily from 3.24 lakh GWh to 5.49 lakh
GWh for additional requirement of 20%. Coal is atileadapt the rise in demand within maximum limit
constraint. This shows that how the model objectastricts coal even though it's more reliablésims of
cost, efficiency and rise in demand.

4.7 Isolated Demand & Renewable Supply Maximization

Thousands of villages in India are yet to be eietk after sixty years of independence. Econonhjcaihd
technically there is lot of problems associatedsupplying electrical power from centralized power
generation to these villages. In this model, olijects designed to have maximum power supply from
renewable sources amidst their limitations. Rendsvahergy shares can reach 29% of total power guppl
excluding hydro power plant. It also indirectly pelin supplying power to remote areas where cérdahl
power generation cannot reach. The poor peoplena lakh villages will get electricity through these
sources.

Surprisingly 36% overall efficiency can be main&neven at this high level of renewable share. Bio
Diesel, Bio Mass Gasifier, Ethanol, Biogas, solidste and Small Hydro reaches the level of 2% each
which is set as maximum limit for these sourcedaiS@aches only 1.5% in base line model even thaug

is set as maximization category. If it's not desidras objective then the role of renewable eneiitjyfimd

it difficult to reach even 10%.Inference from tk@nstraint is solar and other latest renewablen@olgies

will be neglected because of their poor efficieaog cost. Their roles moves up only if heavy rezent

on renewable is demanded. We know that it's posgibldevelop good technology in renewable side with
better efficiency and installation of required caipa Result is based on how fast it is achieved.
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5. CONCLUSIONS

Due to the problems associated with the developrmémionventional sources of energy, the focus is
now shifted to renewable energies. India has a hppeential of renewable energy source in
abundance, which if developed properly can supguoet growing demand of the energy. The Model
was developed for energy allocation in India foe §ear 2030 depends upon long term availability of
energy from sources that are affordable, accesaitdeenvironmentally friendly. The main electriéadd

in remote villages is domestic. The infrastructurgould need the availability of assured aaliable
power at affordable price through reliable andcaéite generation, transmission and distribution
facilities. The energy deficit can be met by rendeabnergy sources as India hashigh solar
energy.

On a combined role of Coal, Diesel, Bio Diesel dbas supply Of 4.1 lakh Gwh can be supplied by
installation of just 80000 MW. But on individualegtgas power generation set up to be increased. The
hydro power plant supplies 1.7 lakh Gwh which isgble by installing 80000 MW and nuclear power
plant capacity is to be raised to 18000 MW. In thegority is installed already and in running cdiaai but

fuel availability is the problem. The renewable re®s$ can supply around 2.7 lakh GWh which needs
around 1, 80,000 MW capacity of installation. Sigipgly large amount of power can be generated eten
the rate of 0.45 kg of emission / KWh in overalag® line solution clearly shows that renewable ggner
sources can play a vital role if seriously devethpe
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