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PREAMBLE FOR NATIONAL ELECTRICITY PLAN, 2015

Section 3(4) of Electricity Act, 2008tipulates that, the Central Electricity Authority (CEA) shall prepare a National
Electricity Plan in accordance with the National Electricity Policy and notify such plan once in five years.

Provided that the Authority while preparing the National EleityriPlan shall publish the draft National Electricity Plan
and invite suggestions and objections thereon from licensees, generating companies and the public within such time as
may be prescribed:
Provided further that the Authority shall

a) Notify the plan after obtaining the approval of the Central Government;

b) Revise the plan incorporating therein the directions, if any, given by the Central Government while

granting approval under clause (a).

Further Section 3(5) of said act stipulates that, the Authomay review or revise the National Electricity Plan in
accordance with the National Electricity Policy.

Para 3 of National Electricity Policy, 2005 stipulates that, assessment of demand is an imporeguigite for

planning capacity additionAlso, section 73 (a) of the Electricity Act provides that formulation of stesnh and
perspective plans for development of the electricity system and coordinating the activities of various planning agencies
for the optimal utilization of resources to ss#rve the interests of the national economy shall be one of the functions

of the CEA. The Plan prepared by CEA and approved by the Central Government can be used by prospective generating
companies, transmission utilities and transmission/distributiendiees as reference document.

Accordingly, CEA shall prepare the National Electricity Plan that would be for a-teghortframework of five years
while giving a 15year perspective and would include:

1 Shortterm and long term demand forecast for differegtions;

1 Suggested areas/locations for capacity additions in generation and transmission keeping in view the economics
of generation and transmission, losses in the system, load centre requirements, grid stability, security of supply,
quality of power inaliding voltage profile etc. and environmental considerations including rehabilitation and
resettlement;

1 Integration of such possible locations with transmission system and development of national grid including
type of transmission systems and requiremént@dundancies; and

91 Different technologies available for efficient generation, transmission and distribution.
1 Fuel choices based on economy, energy security and environmental considerations.

While evolving the National Electricity Plan, CEA will corisall the stakeholders including State Governments and

the State Governments would, at state level, undertake this exercise in coordination with stakeholders including
distribution licensees and State Transmission Utilities (STUs). While conductingsspatiedically to assess short

term and longerm demand, projections made by distribution utilities would be given due weightage. CEA will also
interact with institutions and agencies having economic expertise, particularly in the field of demandirigrecast
Projected growth rates for different sectors of the economy will also be taken into account in the exercise of demand
forecasting.

Accordingly, the first National Electricity Plan covering the review of' Jlan, detailed plan for fplan and
pergpective Plan for 12 Plan was notified in the Gazette in August, 2007.

The Second National Electricity Plan covering the review 8fdlan, detailed plan for 12plan and perspective Plan
for 13" plan was notified in the Gazette in December, 201t8vinvolumes(Volume-l, Generation and Volumel,
Transmission).

Inputs from report of Working Group on Power set up by erstwhile Planning Commission headed by Secretary (Power),
MOP were used during the formulation of National Electricity Plan. Plannimgn@ssion has been replaced with NITI

PREAMBLE
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AYOG, therefore Chairperson CEA vide letter no. DO No. CEA/PLG/IRP/2/10/2015/439 dated 09.07.2015 had
requested MoP for their advice on constituting a Committee for National Electricity Plan. MoP vide letter DO No0.38
7/1/2015PNP dated 27.07.2015 advised CEA to constitute a Committee under Chairmanship of Chairperson, CEA with
members from stakehol derds organi zat i €BAPLG/IRR/Z16datedi ngl vy,
28.08.2015 constituted a Committee National Electricity Plan 2015 for the preparation of the National Electricity

Plan with following composition & Terms of Reference(TOR).

COMMITTEE FOR PREPARATION OF NATIONAL ELECTRICITY PLAN 2015
A. CONSTITUTION:

i. Chairperson, CEA - Chairman
ii. Chief Engineer(IRP), CEAMember Secretary

MEMBERS
i All Members of CEA
ii. Economic Advisor, MOP
iii. Joint Secretary, (MNRE)
iv. Director General, BEE
V. Advisor(Energy), NITI Aayog

Vi. Director General, CPRI
Vii. Chairman cum Managing Director, NTPC
viii. Chairman cum Managg Director, NHPC

iX. Chairman cum Managing Director, PGCIL
X. Chairman cum Managing Director, PFC
Xi. Chief Executive Officer, (POSOCO)
Xii. Chairman cum Managing Director, NPCIL
Xiil. Chairman cum Managing Director, REC

B. TERMS OF REFERENCE OF THE COMMITTEE FOR NEP, 2015
i Toreview the likely achievements visvis targets set for the twelfth plan period towards generation from
conventional sources along with reasons for shortfalls, if any.

ii. To assess the peak load and energy requirement for the perio@2@hd perspectivefecast for 2022
27.

iii. To assess the incremental capacity requirement to meet the projected load and energy requirement after
considering R & M schemes, renewable and captive injection and suggest the feasible break up in terms
of thermal, hydro, nuclearet

iv. To make an assessment of the resource requirement like fuel, land, water, indigenous manufacturing
capabilities, infrastructural, human resource for meeting the capacity addition requirements.

V. To assess investment requirement for generation and tramsmispacityaddition during 2017-22.

Vi. To suggest energy conservation measures through Demand Side Management and suggest a strategy for
low carbon growth.
Vii. Review of latest technological development and R & D in the power sector and to assess itisysuitabil
for Indian conditions.
viii. Development of integrated Transmission Plan for the period from2RBnd perspective plan for 2022

27 including Grid Security, evacuation of Renewable Energy Sources and exploring SAARC integration.

C. 1. The NEP committee mayp-opt any expert as may be considered necessary.

2. NEP committee may constitute separateGammittees on any aspect. The report of the-Gatmmittee(s)
shall be submitted to NEP Committee for consideration.

The first meeting of the Committee fiiational Electricity Plan, 2015 was held on 01.09.2015 under the chairmanship
of Chairperson, CEA wherein, it was decided to constitute 11 nos. eE8unimittees to look into different aspects of
power sector and provideputs to committee for NEP. Theféeer NEP Committee had met on 26.11.2015, 07.01.2016,
09.03.2016, and 26.04.2016. The constitution and TOR of theC8obmittees are given as:
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CONSTITUTION AND TERMS OF REFERENCE OF 11 SUB COMMITTEES CONSTITUTED UNDER
COMMITTEE FOR NEP, 2015

1. SUB-COMMITTEE -1- POWER FOR ALL

CONSTITUTION:
Member, (GO&D), CEA Chairman
Chief Engineer (PFA), CEAMember Secretary
MEMBERS:
CEA-CE(DP&D), CE(PSLF)
Representatives from REC, MNRE, BEE, PFC, FICCI
TERMS OF REFERENCE OF SUB-COMMITTEE:
Assesment in terms of increase in demand (MW&MU) due
Measures for making available reliable and quality power to consumers at affordable rates
Review effectiveness of $2Plan Schemes like -RPDRP and to suggest modifications amdfgive
recommendations
SUB-COMMITTEE _2: DEMAND SIDE MANAGEMENT, ENERGY_ EFFICIENCY &
CONSERVATION

ToIoTo  ToIo  IoIo

n

CONSTITUTION:

DG (BEE) Chairman

Chief Engineer, (TPE&CC), CEAMember Secretary

MEMBERS:

Representatives from EESL, PCRA, ClIlI, IEEMA, ELCOMA, MNRE, NITI Aayog, FICCI
CEA-CE(DP&D)

TERMS OF REFERENCE OF SUB-COMMITTEE :
Assess Energy Conservation measures implemented and review achievemeft®tihi2
Assessment of reduction of energymdnd and peak demand through Demand Side Management (DSM) and
Energy Efficiency Targets for 20122 and measures to be adopted
Achievements and Plans with respect to Missions of Climate Change

o oo Tolo  Pode

w

SUB-COMMITTEE 3: DEMAND PROJECTION

CONSTITUTION:
Member, (Planning), CEA Chairman
Chief Engineer, (PSLF), CEAMember Secretary
MEMBERS:
CEA- CE(PFA), Member Secretary(RPCs)
Representatives of BEE, NITI Aayog, POSOCO, MNRE
TERMS OF REFERENCE OF SUB-COMMITTEE:
Demand Assessment in terms of peak andrgy requirements for the period from 2&7and 2022027
considering impact of PFA, DSM and Energy Conservation Measures.

o oo Io >

SUB-COMMITTEE 4 - REVIEW OF 12™ PL AN AND GENERATION PLANNING

e

CONSTITUTION:

Member, (Planning), CEA Chairman

Chief Enginer (IRP), CEA- Member Secretary

MEMBERS:

CEA- Director (IRP), Director (RE), Director (TPM), Director (HPM), Director (OM), Director (TPI), Director
(HPI), Director(PSLF), Director(GM)

POSOCO, NPCIL, MNRE

TERMS OF REFERENCE OF SUB-COMMITTEE :

To review the likely achievement visvis targets during 2Plan period towards generation including hon
conventional sources and R&M/LReasons for shortfalls, if any.

Do o Do oo
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Assessment of generation capacity addition during Z2Lffom grid connected Renehbla Energy Sources
Recommend optimal mix of additional Generation Capacity for Z21i7 Listing of Projects & their phasing
and advance action for 2027 including broad identification of projects

Assess potential for R&M/LE and formulate plans to maximize benefit (efficiency & capacity utilization)

p ST S5

o

SUB-COMMITTEE 5 - INTEGRATION OF RENEWABLE ENERGY SOURCES

CONSTITUTION:
Member, (PS), CEA Chairman
Chief Engineer, (PSP&AI), CEA- Member Secretry
MEMBERS:
CEA- CE(RE), CE(GM), CE(IRP), CE(RA), CE(PSLF), NITI Aayog
Representatives from POSOCO, RPCs, MNRE, PGCIL
TERMS OF REFERENCE OF SUB-COMMITTEE:
Issues relating to seamless integration of Renewable Energy Sources into Power System
Balancing requirement for Renewable
Flexible Generation

ToToTo oo Io I

o

SUB-COMMITTEE 6 - TECHNOLOGICAL ADVANCEMENT AND RESEARCH &
DEVELOPMENT

CONSTITUTION:
Director General, CPRChairman
Executive Director (NETRA), NTPEMember Secretary
MEMBERS:
Representatives from IEEMA, IFTKanpur, PGCIL, DST, BHEL, MNRE
CEA-CE(R&D), CE(TETD), CE(HETD), CE(SETD)

Too oo

TERMS OF REFERENCE OF SUB-COMMITTEE :
Review of Existing R&D Facilities & Programmes in Power Sector
Recommendations regarding Science & Technopyggrammes to be implemented during 2@27 including
identification, transfer and diffusion of technology in various areas of the Power Sector.

To o

7. SUB-COMMITTEE 7: FUEL REQUIREMENT

CONSTITUTION:

Member, (Planning), CEAChairman

Chief Enginee (FM), CEA- Member Secretary

MEMBERS:

Representatives from MoP&NG, MoC, NPCIL, NLC, MNRE

CEA- CE(IRP) and CE(TPI)

TERMS OF REFERENCE OF SUBCOMMITTEE:

Identify and quantify the different types of fuel required to meet the capacity addiviorcesvise fuel
availability etc.

o oo oo

©

SUB-COMMITTEE 8 - FUND REQUIREMENT

CONSTITUTION:

Member, (E&C), CEA Chairman

Chief Engineer (F&CA), CEAMember Secretary

MEMBERS:

Representatives from MOP, PFC, REC, NTPC, NHPC, PGCIL, NITI Aayog, NRMNRE
CEA- CE(TPI), CE(HPI), CE(PSP&A)

TERMS OF REFERENCE OF SUB-COMMITTEE

A Review of financial issues relevant to Power System.

ToTo o Iw
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B3 e 0> Too  ToTo B D ool eI To o To o

oo oo Io I

Identify the investment required to meet the capacity addition and associated transmission system, possible
sources of fuds etc.

SUB-COMMITTEE 9 - KEY INPUTS FOR POWER SECTOR

CONSTITUTION:
Director, (Projects), NTPE€Chairman
Chief Engineer, (TETD), CEAMember Secretary

MEMBERS:

CEA-CE(TPI), CE(PSP&A), CE(SETD), MNRE, FICCI

Representatives of BHEL, Ministry of Railways, Steel, MoP&NG, Shipping, Surface transport, Cement,
Private equipment Manufacturers, ClI

TERMS OF REFERENCE OF SUB-COMMITTEE :

Identify the key inputs required for meeting the capacity addition requirement.

To assess infrastructural support required for Power capacity addition durin@2@1202227.

Land and Water requirement.

Transport (Railways, Roads, Waterways, pipeline, LNG terminals).

Port Facilities

Construction & Manufacturing Capabilities sjfecally erection machinery & erection agencies including Civil
& BOP contractors.

Steel, Cement, Aluminium and other materials.

. SUB-COMMITTEE -10: TRANSMISSION PLANNING

CONSTITUTION:

Member, (PS), CEA Chairman

Chief Engineer (PSP&AI), CEA - Member Secretary

MEMBERS:

CEA- CE(PSP&AI), CE(PSPM), CE(SETD), RPCs

Representative of PGCIL, POSOCO, MNRE, Haryana, Orissa, Gujarat, Tamil Nadu, one of the North Eastern
State

TERMS OF REFERENCE OF SUB-COMMITTEE:

Review of achievement of 12th Plan targets for transmission and reasons of shortfall

Development of integrated Transmission Plan for the period from-2RBnd perspective plan for 2022
Explore SAARC integration

Green Corridor

Technologicallevelopment in Transmission

. SUB-COMMITTEE -11: HUMAN RESOURCE REQUIREMENT

CONSTITUTION:

Director General (NPTHChairman

Chief Engineer(HRD), CEAMember Secretary

MEMBERS:

Representative of PGCIL, NTPC, NHPC, MNRE, Two State Gencos
Representative from National Skill Development Corporation
TERMS OF REFERENCE OF SUB-COMMITTEE:

Assess the human resource requirement

Human Resource Development plan

In view of the stipulations of the Act as mentioned above, exercise for preparation of the NEP was undertaken by CEA.
This Plan is outcome of the inputs provided by various Sub Committees of the NEP. The Draft NEP was published on
the CEA and MoP websitef views/suggestions/objections from the stakeholders and general public. A summary of
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relevant comments received from various stakeholders, along with the action taken thereof, isTgibémn libbelow.

Summary of Comments received on Draft Report of
National Electricity Plan (Generation)

Table |
S.NO. SUMMARY OF THE COMMENTS ACTION TAKEN MODIIIEICN:'EQON
1 POSOCO
Demand projections
The following two issues have been left out
arriving at projected demand.
11 The Final NEP is based @ No
' (i) Impact of space coolingequirements or| projections of 19 EPS.
power demand;
(i) Impact of electric vehicle mobility of
power demand.
It has been recommended in N
12 It is suggested that NEP may be reviewe( for mid-term review of EPS N
. . . 0
least once in two years. Based on the review, NEP wou
be revised, if required.
It is suggested that the list of the power plg List of power plants considere
1.3 planned for retirement, which is of the ord for retirement is given a| Yes
of 5200 MW, may be given in annexure. Annexure in NEP.
EGEAS outputs are voluminou
14 Various outputs from EGEAS Software mj Inclusion of these as a part No
' be given as an Annexure to the NEP. NEP  would unnecessaril
increase the volume.
15 It might beworthwhile to consider studying | Will be done, if required, afte No
' lower growth rate of say 5%. mid-term review of EPS.
Percentage of codllased plantg
affected due to water scarcity
quite low when compared wit
the total installed capacity of th
There is an inherent assumption that c| coatbased plants in the countr
1.6 plants would not face water scarcity in casq With  the integration of No
failure of monsoon. renewable energy sources in t
grid, coal based plants a
expected to run at a lowLF
which will also reduce thei
water requirement.
17 Some power plants have very poor levels As suggested, this is no Yes
' fly ash utilization. included in NEP )
NREL Report concludes that there is hari Further detailed SIUd'e.S may
. o needed to establish th
1.8 any impact on emissions due feequent . . .1 No
. . correlation between emissid
cycling and ramping of the power plants. :
and cycling.
The manpower projections ar
. . training requirement for th
There is a need to mclu_de system p!anne_rs periodg 201q722 and 20227
1.9 system operators also in the capacity build| : lude the requirement d No
and taining programmes. inciude q
system planners and operato
The microscopic categorizatig
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is taken care in the Ski
Development Plan of the MoP

1.10

A separate chapter on storage technoloi
could also be added.

Storage technology is in nasce
stage and it would be prematu
to discuss in detail in NEP abo
its implementation impact in loa
management vis-vis cost
effectiveness.

No

111

Minor typographical errors in draft NEP.

Taken care of.

Yes.

MAHAVITRAN - MAHARASHTRA

2.1

A realistic Demand projection for next fiy
years (FY201718 to FY 202122) is required,

2.2

Overstated demandould result in strandef
capacity and corresponding Transmiss
Capacity requirement, which results
increase in consumer tariff.

The Final NEP is based d
projections of 19 EPS.

No

2.3

Distribution Licensee wise projected dema
needs to be provided in NEP

The details are available in %4
EPS.

No

24

No mention of peak load management for ei
Distribution Licensee in the NEP

Not within the scope of NEP

No

2.5

How the State wise targets of DSM have b
arrived?

The statewise target werg
worked out by BEE and th
figures were furnished by DSN
SubCommittee02, which is
headed by DG, BEE.

No

2.6

9 The cost of renewable energy purchases
severely affected MSEDCL finances
recent years. Therefore, the concerns
Distribution Licensee cannot be ignori
while promotion of renewable energy.

9 Construction of transmission infrastructu
Il i ke AGreen Corrid
impact transmission tariff

i The investment requirement for R
Capacity addition and grid interaction of R
Capacity will have largscale implications
on consumer tariffs.

1175 GW of Renewable Energy Capacity |
been envisaged to be commissioned by
end of FY 202122. The aforementione
capacity has to be integrated with the g
which is a critical task and comes with
cost.

The cost of RES should be se
from the pespective of the
overall sustainability. Analysi
should not be focussed only (
shortterm tangible cosbenefit
analysis. Longerm societal
costbenefit should also b
factored.

Capacity addition from RES is 3
per the target set by GOI.

No

2.7

MEDA is the nodal agency for developme
of renewable energy in the State. T
renewable energy potential may be conside
as per MEDA data

The RES figures projected in th

2.8

In Annexure 6.3, the target to behieved by
2022 (solaii 11926 and wind 7600) seems
be on higher side

Draft NEP is as per MNRE datg

No

29

Considering the large capacity addition frg
RE Generation Sources along with coal bal
capacity addition, it is expected that t

This has already bee

highlighted in NEP

No
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thermal power plants would be left strandec
run at lower PLF.

It is suggested that a separate chapter

A separate chapter on Fur

2.10 investment is required ﬁg(lluwement is already there | No

3 HARYANA POWER PURCHASE CENTRE
As on todayup to 25 MW Hydro plants ar
covered under renewable power categq s as per MNRE. Howeer, the
This range should be enhanceq upto 100 N suggestion given is bein

3.1 | to promote higher range capacity plants. 1 included in the recommendatiol Yes
cost of smaller plants is more than the la| ¢ NEP
plants in term of cost per MW.

Solar power is available only during off pei
hours which will further increase the 9¢ The NEP is concerned wit

32 between Peak and off peak. The governm meeting the demand of the grl No
should promote off grid solar power system ~,nnected loads.
it is more beneficial.

Transmission system strengthening shoulg
done optimizing the sace to be consumed i |t is dealt in Volume

33 | the same region and inter region should
planned in future to reduce the impact in P¢ 2. Transmission of NEP
charges. '

The availability of gas based plants duri
peak hours shall help in reducing the ¢

3.4 | between the off peak and peak hours. As sy Ithas already been recommend |,
the availability of natural gas to the gas baj In NEP.
power plants may be increased.

4 GRIDCO

i) Regionwise demand forecas
i) Regionwise demand forecast may | has been brought out in thetl
brought out in NEP. EPS.

41 | . . L o . . No
ii) Area-wise and locatiotwise capacity] i) Statewise locations forn
additions from different energy sources n\ capacity additions from differen
be given in Plan. energy sources are given in t

NEP.
----the planning period in which 50,025 M\ .
under constructioncoaltbased generating The coal_ based capacity un(_j
units for capacity addition has beg construction for likely "benefi
envisaged. during 201722 have beer Yes

4.2 revised to 47,855 MW. Th

. . . details of locations /capacity an
The detf'iI|S of Ipcatlons /capacity al yearwise commissionig dates
cpmmerual operation dates may also | o given in annexure.
given.
It is requested to identify the planning peri . .

4.3 | during which the UMPPs have been schedl QtE;h% time of preparation g No
for commissioning. , details were not available
Retirement of old unitsi i) Nameof the units ;_c;ftrtaot];rgr?lvc\a/ﬁ'[ ips)lair:/tznci?]nslggre

4.4 | being retired during 20122 may be given. 9 "| Yes
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i) ----- whether it would be prudent to retil
best performing units because of its age |
capacity

GCV issue may be focusdd the NEP as

= R Third party sampling for
45 | despa te h GCVo ° ascertaining the GCV of coal | No
approximately equalalreadyinplace
GCVo. '
----planning study should suggest replenish NoO
the coal bearing States frothe renewable - .
4.6 ; o Not within the scope of Planning
energy equivalent to that sacrificed from eg
based generating plants-
i) Regionwise demand forecag
i) Regionwise demand forecast may | has been brought out in the'l
brought out in NEP. EPS
4.7 . . L o . . No
i) Area-wise and locatiotwise capacity| i) Statewise locations forn
additions from differenenergy sources ma| capacity additions from differen
be given in Plan. energy sources are given in t
NEP.
5 GOVERNMENT OF TELANGANA
Spinning reserve requirements may |
stlpulatgd _keeplng in view th.e key n;ks t 5% Spinning Reserve is @k as
system is likely to face, including falls in sol - .
51 |: . ; ; | per National Electricity No
insolation (given the high RE capaci Policy,2005
planned in the grid) and technical failure ' '
generating stations.
Assumption of 40% of Solar energy from
solar rooftops is highly optimistic and Data regarding capacity additig No
5.2 government /DISCOMSs need to proactively| from Solar Rooftop aggregatin
take steps to increase penetration of solar | 40 GW is as per MNRE.
roof tops.
In order to be able to achieve PFA by 201¢
is imperative for Central Government to eq |, . . .
5.3 funding to the DISCOMs especiall It is outsidethe purview of NEP.| No
Telangana Discoms.
A roadmap for capacity building in these are
be also included in the NEP. The roadm
could plan for creation of Centre of Excellen A Separate chapter 14
in RE integration and management in eq provided for Human Resourg
54 state/DISCOM Development in Power Sector No
' Recent initiatives by states includdedicated) NEP  wherein the capig
load management centre for renewab| building in Renewable sector
Efforts are required to strengthen sy mentioned.
initiatives and ensure capable manpower
their operations
Penetration of 800 MW of Solar Wat{ 800 MW of Solar Water Heatin
5.5 | Heating system may be optimistic and may| system is as per MNRI No
moderated. projection.
To assess the efficacy of the TOD/TC
programmes, discoms may undertake stug
5.6 | after a year of implementing the TOD/TQ Not within the scope of NEP

scheme. Suitable adjustments may be mad

the TOD/TOU time slots as well as incenti
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to achieve the desired objective of reduc|
the peak load on the system.

5.7

Government should increase awaren
among consumers about the programme
strong monitoring and verification mechanis
needs to be implemented and benefits (¢
needs to be established on Hawings.

This needs to be done at t
DI SCOM6s end.

No

5.8

Computation of Peak demand by using Ig
factor might not give realistic pictur
considering changes in demand drivers.
plans of state discoms on load managen
need to be factored.

simple load factor multiplication for energ
saving from Energy efficiency measures
arrive peak demand reduction would not
reflective of the true system conditions

The Final NEP is based @
projections of 19 EPS.

No

5.9

As seen in the sensitivity analysPLF of coal
based thermal plants is highly dependent
RES and hydro capacity additions. And a
variation in load during 24 hours of day wou
result in backing down of thermal plan
beyond their technical minimum. Hence, it
advisable to encouge state and centrg
Gencos in reducing technical minimum

coal based thermal plants for grid stability g
to provide reliable power to the consumers

Countries such as Germany, which have h
RE have made significant progress
increasing the flexillity of their thermal
plants and making them more responsive
demand.

It has already been mentioned
the Recommendation chapter
of NEP.

No

5.10

Potential of Windsolar hybrid plant acros
India needs to be established and hybrid pli
needs to bencouraged to be set up at thc
locations.

It is in the scope of MNRE.

No

511

The state of Telangana has a potential of 4
MW of wind as per the latest NIWE estimat
In addition, potential also exists for Hydr
biomass and waste to energy pov
gereration.

The figures projected in NEP
as per MNRE.

No

5.12

The installed capacity of RE Technologies
Telangana as on 31.03.2016 is as folldws
Biomasséééeééeééeééée 5
Bagasseééeeééeéeeée. 1
Small Hydroééeééeeé.
Municipal SolidWa st e éé. 18 . ¢
Il ndustrial Waste ¢é
Wi
MW

Sol arééééééeeéeééé.. .5

No

5.13

While hydro power is a flexible solutior
control over release of water does not alwi
stay with the SLDC. This might possibly lim

the hydrgplants to be used as peak load plal

The crucial role of hydro and ga
based plants in meeting th
balancing requirements of RE

No
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Going forward, due to massive RES capa( has been elaborately highlightg
addition, it is prudent to have peak load eng| in NEP.
sources for grid balancing. Hence, the
should be options to secure gas for-gased
power projects. Pricing and productiolarity
on domestic gas and adequate sources-g
LNG are important to ensure operations
gasbased plants
514 View on likely off—take_of electrlc.veh|cles 19" EPS has factored this. No
and its impact on the grid can be discusseq
Managing deficit is crucial but managir
surplus would also be another key issue tc
addressed in future. This would necessii Host of regulatory issues a
5.15 | more robust and dynamic short term markg involved. Regulators may hay No
NEP should discuss about complexities| to address this.
short term market and bottlenecks that nee
be addressed by SLDC/ DISCOMSs.
Going forward, it is prudent to widen th
scope of IT intervention and automation in .
5.16 T-D to manage the grid stability and Outside the scope of NEP. No
optimize the costs. Hence, elaborate the sg
Spinning reserve requirements may
stlpulated _keeplg in view the_ key rlsks th 506 Spinning Reserve is taken
system is likely to face, including falls in sol - o
517 | . ; ; | per National Electricity No
insolation (given the high RE capaci Policy 2005
planned in the grid) and technical failure 4 ’
generating stations.
6 POWER COMPANY KARNATAKA LIMITED(PCKL)
6.1 The target of Renewable capacity of 175 ( Capacity addition from RES is g No
' by 2022 has to be reviewed. per the target set by GOI.
Repowering 9f .ex‘lstlng W'T‘d POWET Projeq g suggestion is incorporated
under the existing Pol i cy f or : X
6.2 . : the recommendation of Fing Yes
wi nd power project g
. ) : . NEP.
along with going for new wind power project
Hydro and gas based power plants shalll The NEP has been formulatg
6.3 reserved for peaking supp@nd for balancing based on this philosophy onl No
' the grid by providing suitable tarif Regulators have to address f
mechanism tariff design issue.
Review committee at national level al Recommendations of the revid
6.4 regional level may be considat under NEH . . . No
. . in already included in the NEP.
to monitor the progress of the projects.
List of the coal based projects of 50,025 M
6.5 | under construction may be provided in { This is being added in the NEP| Yes
NEP.
Setting up of power plants
. . largely delicensed as pq
Suitable mechanism may be evolved | g0 i aAct 2003, NEP is ¢
avoiding building up of the stranded capacit :
6.6 o2 .. | reference document wdh helps| No
and for utilization of any such existin . . .
" the prospective investor i
stranded capacities. I s :
facilitating the decision makin
process.
Some typographical errors have bg Necessary corrections has be
6.7 . o Yes
mentioned. done in final NEP.
7 BRPL
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71 Consider Hydro projects as Renewal This is being added in the Yes
' sources. recommendation
79 DSM should be encouraged to reduce P| This has already bee No
' load. incorporated in the NEP.
The cost of RES should be se
from the perspective of th
The resultant tariff of RES after balancil overall sustainability. Analysi
) L | should not be focussed only (¢
7.3 | adjustment could be uncompetitive wi . .| No
. . shortterm tangible cosbenefit
prevailing coal prices. . :
analysis. Longerm societal
costbenefit should also b
factored.
RE capacity has bedrighly exaggerated an| Capacity addition from RES is ¢
7.4 | ; No
impractical. per the target set by GOI.
Pumped storage plants &
expected to play a crucial role
Pumped storage plants are commercii meeting the balancing an
7.5 - . - .| No
unviable. ramping requirerant of the grid.
Regulators need to desig
necessary Tariff for this
76 Old and inefficient plants s_hould be phas In the final NEP, retirement of
out rather than increasing the Cap
. . .| 22,716 MW of coal base( Yes.
DISCOMs are highly affected by increasil ; .
. ; . capacity has been considered.
cost by installing necessary equipment.
8 NITI AAYOG
Government of India has set
the target of 175 GW fo
renewable energy sources. T
It is suggested that cost implications of all { major focus is to arrest adver
8.1 three scenarios need to be compared | climate change. Further, RE No
' planning purpose. technology is evolving compare
to the mature technology ¢
conventional plants. Hence, cg
comparison wou be highly
subjective.
It is suggested that the National Electric| Setting up of coal based plars
Plan should not keep capacity addition stq delicenced. Decision of setting
8.2 | for coatbased generation, but should low up of power plants is depender] No
capacity augmentation, which could work| on the individual wisdom of
higher PLF. investor.
It has been stated that presently, existing ¢
based power plants are operating at very
PLF (23%) and few galsased power plant In NEP, the role Qf gas bas
T N plants have been highlightesd
are lyirg idle due to noravailability of natural - . ]
8.3 ; : the minimum requirement of gg No
gas. As per electrical demand projects : .
. . .| for RES integration has also be
CEA, the gas based project projects are lik specified
to operate at 23% PLF. This is matter | P )
serious consideration.

. . Utilisation of Hydro Plantg
Cor_13|d_er|ng the e_Iectr|C|ty_ demar depends on the available hyd
projections and capacity addition Plan ener For  stud UIDOS
CEA, the Hydro Generating are likely | 9y Yy purp

8.4 . ! . Design Energy has been tak| No
operating at 36% of total capacity. This w . ; . .
) ) : into consideration. There is n
also result in sub optimal operation of hyd . ;
roiects question of Sub optimg
proj ' Utilization of Hydro Power.
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. Balancing Capacity will bg
B | e oo ey | covred” i volume. | No
g capacity Transmission of NEP.
Cost norms considered for calculating 1
fund requirement for the generation sector
been taken on higher side of coal (Rs. 7 cff The Gst/MW norms considere
g6 | Per MW) and hydro (Rs. 10 Crore per M\| are as per actual trend No
' sector. Opening up of competitive biddil expenditure plus additional cos
route for generation sector should hg due to new environmental norm
brought down the cost per MW of installati
cost. This needs to be reconciled.
Moving form super critical technology ft
8.7 ultra/advanced super critical techn'ology_ S| It has already been taken in NE No
key for substantial improvement in efficie
utilisation of natural resource (coal)
f;s regards the RE Integration, no estimg It has already been mentionid
8.8 ave been do_ne in respect of back up stol Volume. |- Transmission of No
' solution required when no power genera ’
NEP.
from RE.
The NE plalj has |dent|f|_ed Qn‘ferent_ types It is in the nascent statt
costs to be incurred during integration of F L
8.9 . . . . Therefore, estimatiof cost at
in the main grid but has not provided cq , . . e
. this stage is very subjective.
estimates of such costs.
For R&D projects, new technology lik
guantum dots, Organic coatings, Mul
junction cells, and third generation technolg L
. . - As suggested, this is no
8.10 | like solar panels which utilizes UV ar . . Yes
. ! . : included in NEP.
infraredspectrum which ultimately increast
the efficiencies of cells, needs to be a
factored in the report.
Planning of RE based power must factor in
8.11 requirement of land, which is very crucial ff MNRE was requested fg No
' the country. The report has not madg aimch | working out the same separate
assessment.
Table 10.87 10.9 provides key materig
8.12 assessment for  conventional POV | cluded inNEP. No
generation. The same assessment should
be done for RE based power generation.
Skill identification for RE to be mad,
separately as this has been merged \ Skill identification for RE was
thermal (upto 2022). However, for 2027, | not given separately as the H
8.13 I Yes
there has been separate assessment, v manpower at the beginning
provides technical and ndschnical| 201722 was not available.
manpower requirement.
Storage technology is in nasce
In the chapteb, the battery storage systg stage and at present it would
8.14 | needs to be included. premature to discuss it§ No
operational as well as co
implication in details in NEP
9 BHEL
The basis f'ind_ factors considered for The Einal NEP is based d
9.1 | demand projection have not been covere( L No
. projections of 19 EPS.
entirety.
The draft NEPseems to be skewed towar| Capacity addition from RES is g
environmental sustainability alone per the target set by GOI.
PREAMBLE
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The draft NEP has considered a mea
capacity of 5.2 GW for retirement against

In the final NEP, retirement o

9.3 . . ! 22,716 MW of coal base( No
g\/;/;;g:gtgywzhagglshall be exceeding a | capacity has been considered.
To make the planning process mc . - .
9.4 | comprehensive and realistic, solar achieve Cap%cnyaddnmn f[)om RESIsa No
solar capacity addition should be considerg per the target set by GOI.
10 GOVERNMENT OF MADHYA PRADESH
Has given elaborate comments on |
achievement made by MP Govt. towal
10.1 | Reforms in Power Sector, infrastructy No
growth, Generation and transmission, AT§
lossreduction and Feeder separation scher,
11 M.P. GENERATING COMPANY LIMITED
In some power plants in M.P., some portion
111 the land within the power stations can | This is now addedas a Yes
' utilized for installation of solar PV powg recommendation in NEP
generation projects.
For MP, solar potential has been indicatec
61660 MW whereas the tentative target| The potential andarget for MP
11.2 | 5675 MW installation up to year 2022 h| given in NEP is as per the dg No
been indicated. The details of such estimai furnished by MNRE
may be given by CEA.
Coal based capacity addition of supi
critical/ultra-supetcritical units in place of
11.3 | decommissioning of old/inefficient thermj It is already mentioned in NEP.| No
plants may be appropriately brought outin
concludng part of NEP.
12 GOVERNMENT OF PUNJAB
i Punjab is a power surplus state. |
achieve the RES capacity addition targ
conventional power projects have to
backed down and other cheaper poy Capacity addition from RES is &
surrendered per the target set by GOI.
121 1 Powergeneration from RES is infirm an No
’ unreliable. Grid stability will be difficult |ssues related to capaci
to achieve. addition has been dealt in detd
1 It would not be possible to frequent| in NEP.
ramp up and down the thermal plants
9 Further addition of RES should be as |
RPO target only
13 GOVERNMENT OF WEST BENGAL
13.1 | No Comment | | No
14 NLC
There should be protection available to 1
14.1 gxisting players i_n thermal generation segm This is a regulatory issue. No
y way of lowering of norms for recovery (
fixed charges.
Lower PLF of TPPs is foreseen due Setting up ofth_ermal electrig
rowing of RES. There should be pro plqnts_ 1S dehc_:ensed. . i
14.2 g 9 . Prog objective of NEP is to provide | No
alance in this regard for the recovery
reference document to th

additional investment.

prospective investors.
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There should be protection available to 1
14.3 te)xisting players in thermal generation segm This is a regulatory issue. No
y way of lowering of norms forecovery of
fixed charges.
15 NPCIL
The review was carried out as
Likely capacity Addition from Nuclear in th{ 31.03.2016 based on theputs
15.1 | 12" plan is expected to be 2000 MW instel from NPCIL.However actua] No
of 2500 MW given in the review. capacity addition has bee
considered in final NEP.
This is the unit which is slippin
15.2 Include a Capacity of 500 MW from PFBR I from the 12" plan and has bee| No
' BHAVINI in the list. considered in the Generation
Planning study.
Based on the past achievemer
NPCIL has furnished a list of addition| SOTSErvative capacity addition
15.3 | projects which may also come during 202 2?130al\élc\j/¥i:r?sinb?e?(rc]:e(;osnzlsetﬁ No
27.
from Nuclear sources can I
accommodated in the grid.
15.4 Revised cost estimate per MW for Nuclg These are being considered in { Yes
' plants have been submitted. final NEP. '
For projects likely to be launchedeyond . . .
15.5 | 2027,some advanced actions are required :;::ISSSILG being considered in { Yes.
which funds may be required during 2622. )
NPCIL has furnished percentage details These are being considered in 1
15.6 | Auxiliary Power Consumption in respect final NEP Yes.
different types of Nalear Power Stations. )
16 NEEPCO
To be included:
16.1 | NEEPCO has a view that the model t{ Included in final NEP Yes
should be conducted for all the hydro proje
having unit sizes above 25 MW.
17 NHPC
The status of uni8 and unit4 of Tessta Low g;‘%gg\gi\g Wgcs:cg?drirr:etlj as thc
Dam ilV HEP at slLNo 66 and 67 af . ' ) gy
171 {menti oned as AfA] Co status _of t_he .mnjegts as o o
commi ssioned i r; Jul 31.03.2016 is given in Annexu
respectively 2. Review has been revised as
' 31.03.2017 in the final NEP.
Silt Erosion: Hard Coating(HPIVOF) on
under water parts due to high silt and
17.2 | increase the life of underwater parts due Included in Final NEP Yes
high silt and to increase the life of underwa
parts.
The following to be included in the cunte
issues and challenges in Hydro Chapter:
17.3 T Nonavatabillty of grid pOWer) jnciyded in Final NEP Yes
uring initial stage
1 Safety and security problem
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18

FICCI

18.1

It would be logical if National Electricity
Policy is finalized ahead of Nation;
Electricity Plan.

As per Sec.3 (4) of EA,2003
CEA has to prepare NEP every
years in accordance with th
National Electricity Policy, the
Policy existing at the time hg
been taken into account for t
preparation of NEP.

No

18.2

Proposes revision dfee power in favour of
the State Government in case of Hyc
projects since it interferes with proje
economics.

This is as per the extant Hyd
Power Policy. Revision of hydr
policy is not within the purview
of NEP. Hydro policy is
formulated taking ito account
various factors into consideratig
including the project economicg

No

18.3

An empowered National Body overseeing ¢
monitoring  the  implementation  witl
participation of States is proposed to ena
accelerated execution of hydel projects.

In the recommendation part

the NEP, proposal for removal
bottlenecks in execution of hyd
projects has already beg
mentioned.

No

18.4

NEP may suggest policy measures to
examined that would be necessary to pror|
use of gas as feedstock for poweneration.

In the NEP, vital role of ga
based TPPs has been highlight

No

18.5

With PLF of coal based TPPs projected to
47.9% in 202122 under RES capacit
addition of 175 GW, policy and regulatol
guidelines will be necessary to deal with {
redundancy of base load generation capaci
and provide the cost recovery principl
through adequate market mechanism and t;
design.

This is a regulatory issue.

No

18.6

The new capacity likely to accrue durir
201722 will be significantly higherthan
50,025 MW taken in the Plan.

Directional guidance is necessary to dec
whether to progress with  projec
corresponding to additional capacity n
considered in the draft Plan or treat them
redundant.

As per CEAOGs
capacity addition dring 201722
may be 47,855 MW.

After the enactment of EA 2001
electricity generation has beg
delicensed.

No

18.7

Review is also suggested of the capacity
5200 MW contemplated for retirement by t
end of 202122.

In the final NEP, retirement @
22716 MW of coal baseq
capacity has been considered.

No

19

IEEMA

19.1

NEP has considered retirement of only 57
MW of old and inefficient subcritical unit]
with life exceeding 40 years

In the final NEP, retirement o
22,716 MW of coal base
capacity hadeen considered.

Yes

19.2

The draft NEP shows that ndassil fuel will
contribute more than 60% of the Installi
Capacity which is much higher than IND
target

Capacity addition from RES is 3
per the target set by GOI.

No

19.3

Various domestic equipment manufactur;
made huge investment in setting up

supercritical facilities which are now at

RES is not going to contribuf
significantly to meet the pea

demand. Hence requirement

No
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serious risk due to draft NEP projectior
Keeping in view the huge imports from Chil
in setting up RES capacity, both the purp
are likely to be defeated.

coal based capacity is not high
corelated with RES capacit
addition.

19.4

The lower per capita electricity consumptil
in India sugests the potential latent demal
yet to be tapped in the country

195

The draft NEP assumes greater importa
due to long gestation period in setting up
thermal power plants. Acenario of powel
shortage may be faced in case of any short
in the draft NEP projections.

Demand taken in the Final NE
is as per the projection of 49
EPS.

No

20

WORLD ENERGY COUNCIL

20.1

Realistic assessment of growth of deman
needed

The Final NEP is based @
projections of 19 EPS.

No

20.2

1 Report bringsout that no coal base
capacity addition is required undj
any scenario irrespective of R
capacity addition. Though true in th
respect, larger the capacity additi
through the Renewables, larger w
be the cycling stress on the c¢
based power planend lower will be
the power factor. Moreover, peg
demand will have to be met by tt
conventional power plants.

1 RE addition will only add additiong
cost and investment requirement a
would lower the thermal PLF
Therefore, addition of RE capaci
without storage will not make an|
sense

1 Cycling for coal based stations wou
lead to excessive stress and should
avoided.

Government of India has set
the target of 175 GW fo
renewable energy sources. T
major focus is to arrest adver
climate change.

NEP has already highlighted th
thermal power plants will run g
low PLF due to the addition ¢
capacity from renewable energ
sources.

Storage technology is in nasce
stage and it would be prematu
to discuss in detail in NEP abo
its implementatiommpact in load
management  vig-vis  cost
effectiveness.

No

20.3

The retirements of old, inefficient capaci
needs to be captured in a more robust mai
which would invariably lead to construction |
more efficient units.

In the final NEP, retirement o
22,716 MW of coal base
capacity has been considered.

No

21

L&T

21.1

Underestimation of old thermal uni

considered for retirement.

In the final NEP, retirement g
22,716 MW of coal base
capacity has been considered.

Yes.

21.2

In view of resourcéland and solar PV modul
capacity) constraints, the actual scenario
solar power capacity addition till 2022 can
lower than scenario Il (41,237 MW) of drg
NEP.

Solar is not going to contribute i
meeting peak deman
Therefore, slipping in respeof
solar capacity addition is ng
going to increase the therm
capacity addition.

No

21.3

Instead of halting installation of new co
power plants, emphasis should be laid

replacing across 58 GW of swahitical units,

In the final NEP, retirement o
22,716 MW of coal base

capacity has been considered.

No
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likely to be older than 25 yealy 2027, with
efficient supercritical units in the final NEP.

22

SIEMENS

22.1

In the draft NEP, 5.2 GW of capacity only h
been considered for retirement. Theems tg
be under estimated.

In the final NEP, retirement o
22,716 MW of coal base
capacity has been considered.

No

22.2

Under Aithe phased n
various boiler and Turbine suppliers add
manufacturing facilities in India. This wg
followed by Subsuppliers like BOP, stee
civil contractors etc. ramping up the
investment and their capabilities. Dras
changes would lead to financial losses to th
investors and slowdown the heavy industr
manufacturing set up in India.

Utilising manufacturing capabilities ¢
thermal power plant equipment strengthe
Aimake in Indiad com|
has high import factor

22.3

Thermal plants are economically viabl
Plants with improved flexibility can also act |
peaking plants. With new technolog
environmental norms can also be achieved

Capacity addition from RES is &
per the target set by GOI.

RES is not going to contribut]
significantly to meet he peak
demand. Hence requirement
coal based capacity is not high
corelated with RES capacit
addition.

No

No

22.4

Make in India, Smart Cities, 24X7Power
Supply to All, UDAY etc. may affect the
demand projection

Already taken in the FOEPS

No

23

GE /ALSTOM

23.1

Estimates are extremely conservative w
respectto conventional electricity source
especially coal. Even reports fro
international agencies consider greater role
coal in long term Indian energy mix.

The estimates in the NEP f
conventional electricity source
have been made based on

detailedestimation of demand b|
the 19" EPS and followed by
generation expansion studi
carried out in CEA.

No

23.2

Capacity addition estimates of hydro &
renewables for 20222 period as well as fo
202227 period is extremely high.

Realistic assessment ofydro
capacity addition has besg
considered in final NEP.

No

23.3

Retirement plan considers only those ur
which are >40 years old and/or are <100V
unit size. This is extremely conservative.

In the final NEP, retirement o
22,716 MW of coal base
capaity has been considered.

This consists of normg
retirements of 5927 MW A
retirement of 16,789 MW due t
inadequate space for FGD.

Yes

23.4

Basis of selecting ENS figure?

In the NEP, ENS was selectq
based on the study of ENS
different countries.

No

23.5

Hydro imports from Bhutan considered f
2022 is 5.1 GW.

The details of hydro import fron
Bhutan has been incorporated
the final NEP.

Yes.

23.6

Hydro Projects considered for likely benef

for 201722 period are debatable.

Realistic assessment of hyd

capacity addition for the perio

No

PREAMBLE

XXXI




Central Electricity Authority

NationalElectricity Plan

201722 has been considered
final NEP.
As a prudent measure, in view of lack
precedent for RES growth, the forecasti
model should consider moderate growth
as input paranters. ) » .
23.7 Capacity addition from RES is & No
' . . he target set by GOI.
More realistic assessment of potential pert 9 y
renewables in Indian market needs to be d(
The actual electricity demand, .
238 unconstrained demand for electricity, in In¢ The demand has been taken No
' is far more than the figures projected in t| per 19" EPS .
draft report.
24 WRI
DSM measures: DSM figures are only by energ
efficiency. DR in India is in
24.1 | DSM measures can be broadly classified i| primary stage. This has to I No
energy efficiency and DR. It would be use{ implemented through regulato
to separately highlight these mechanism
Clj 3 r! f y ‘Wh aft SI S t RES capacity addition w.r.t. th
242 |2 I tion o 0 tates states have been provided | No
renewable generation. Arthese the one MNRE
proposed by MNRE or adopted by States?
Hydro Power capacity addition has alwg Realistic assessment of hyd
slipped over historical time periods. To bu| capacity addition during 20372
24.3 : . ) X 1 No
conclusions, more weightage shoulel diven| have been considered in fin
to scenarios with slippages. NEP.
The mechanisms to foster the growth of ra Regulatorshave to address th
24.4 | up power market needs to be explained in issue No
document. '
25 ENZEN GLOBAL SOLUTIONS PVT. LTD.
The Captive power and ageneration plani
installed capacity 47,200 MW and its balar| Installed capacity given in th
25 1 not reflecting in the overall installed capac| NEP corresponds to be install¢ No
' of 310 GW of the country. Similarly, the 1§ capacity of utilities only, thig
BU generated from the CPP andgen plants| does not include the CPPs.
are not reflected.
DSM DR in India is in primary stage
This has to be implementg No
5. Demar)q Response (DR) should be covg through regulatory mechanism
as amadditional DSM measure.
6. A regulatory framework for both Voluntat rpélr:eoarlgr):]endatil(?::lsu?sdthe DISnl No
DR & Automated DR is required to be mad chapter
25.2 . - BEE is already working labellin
7. Creatlon_ of En(_ergy Efficiency stan_da_r programme for industria
for Industries/Equipment. The existir appliance No
Standard & labelling programme needs to
extended to cover all industrial equipment
PREAMBLE
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8. ISO 50001 implementation should
promoted/mandated across Industries, Lg
buildings and Commercial establishments.

ISO 50001 is voluntary standa
and not in purview of EC Act.

No

9. Promotion of industrial internet and IC
based energy management systems
making it mandatory for industries to rep(
energy conservation achievements.

PAT scheme is promoting energ
conservation reporting

No

25.3

2. Indigenous technologies (renale as well
as energy efficient technologies) should
given preference in procurement.

4. Preparation of biomass atlas is required.
micro wind source atlas should be furth
disseminated.

Included in recommendations
the RES chapter.

Yes.

25.4

Hydro Power in India

2. Energy storage as a Chapter to be inclu
in the NEP.

Storage technology is in nasce
stage and at present it would
premature to discuss il
operational as well as co
implication in details in NEP

No

25.5

R&D 1

1. Develop @sign principles and guidanc
document for setting up micro grids.

3. Data analytics and tools can be used
monitoring and improving the performance
utilities.

4, Section 13.5

There are 11 R&D activities identified in th
field of New & Renewabl&nergy, this need;
to include:

1 Low wind speed turbing
development (India has very fe
locations with high wind speeds)

1 Development of low cost material f¢
small wind turbine blades and towe

6. Section 13.12Need for preparation of

well-defined Policy to provide incentives f(
the commercialization of products develop
through indigenous R&D efforts and by Sta
up Organizations based in India. This sho
be aimed at easing the Market entry

newly/indgenously developed powe
products and solutions. Incentives could
excise duty exemption for a period of at le|
five years from the date of commercializati
and QR relaxation (prior experienc

financials).

Included in recommendations
the R&D chater.

Yes

26

GMR
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26.1

Gas Based Power Plants can expl
possibilities to utilize the Gas produced frg
HELP regime.

Included in the Final NEP

Yes

26.2

Request for rarafting para I, Line | ag
follows:

60Out of the total i
MW as on 3% March 2016, a capacity ¢
27,123 MW (about 8.97% ) is from gas bag
power plantso.

Considered in the final NEP.

Yes

26.3

Request for addition in para I, last line
follows:

0 é . -bgsadspower share in India only 8.7
againsttheworld ver age ar ou

Included in the final NEP.

Yes

26.4

Gas based power plant capacity addition s
be reviewed considering the skew
proportion towards coal compared to ot
countries.

First priority is to ensurg
adequate fuel for existing ga
basedstations so as to achie
full utilization of the existing
plants.

No

26.5

In order to utilize the Stranded Gas Bag
Power plants as well as plants receiving
Domestic Gas, Ministry of Power (MoP) hi
come out with Scheme for utilization of Gi
BasedGeneration Capacity, which should |
further continuedbeyond March 201@n long
term basis to facilitate, meet the peaking ¢
balancing power requirements going forwa

Outside the scope of NEP.

No

26.6

Recommendation 3 of Chapter 8 may suitd
be anended as follows:

Awher e t he gas s ol
transported through a common carrier pipel
or any other common transport or distributi
system becomes comingled and fungible w
other gas in the pipeline or system and s
gas is introduced ithe pipeline or system il
one State and is taken out from the pipeling
another State, such sale or purchase of
shall be deemed to be a moment of good fi
one State to anothe

With this there is a free flow of RLNG fror
West to East coast of India.

Not feasible due to technic
difficulties

No

26.7

One of the key aspects on the regulatory fr
will be to declare the Gas based power plg
as clean and green energy plants.

Outside the scope of NEP

No

27

OTPC

27.1

If the adequate quantum of gas is |
available, then the entire objective of Ic
carbon growth may get jeopardized in abse

of balancing mechanism.

This has already bee

highlighted in NEP.

No
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27.2

Incentivesand subsidies should be providj
for setting up of combined cycle gas bas
power plants.

Outside the scope of NEP

No

27.3

With the deployment of 175 GW of renewal
energy, there is a possibility of creation
Non- Performing Assets both for the pow
producers and the banks.

NEP has already highlighted th
thermal power plants will run &
low PLF due to the addition g
capacity from renewable energ
sources.

No

27.4

1.A nationwide study catering to region
requirements may be required to assess
intermittence of RES plants.

2. Based on this and international experie|
like that in Europe, capacity market may

designed and implemented as soon

possible.

1.The same is taken care of in
Vol-Il : Transmission of NEP.

2. This is a regulatorigsue.

No

27.5

Incentives provided to plants based
renewable energy should also be extende
CCPP.

Outside the scope of NEP.

No

27.6

Gas based generation should be promoted
planned under the Renewable Purch
Obligation regulations.

Outside thescope of NEP.

No

27.7

The subsidy being extended to t
beneficiaries of the gas supplies un(
Administered Price Mechanism may also
extended to NoAPM gas supplies in thi
North Eastern region for future supp
agreements being envisaged in theaongi

Outside the scope of NEP.

No

28

JINDAL POWER

28.1

Requested for review of the Hydro Polic
2008 taken into account the impact of redu
saleable energy due to the provision of fi
power, withdrawal of provision of meg
power benefits, etc.

Outside the scope of NEP.

No

28.2

Long term funding with low interest rates f
hydro power plants.

Included in final NEP.

Yes

28.3

Declare Hydro as renewables and introdi
Hydropower Purchase obligation.

Declaring hydro as Renewable
included asrecommendation o
NEP

Yes

28.4

Increase investor interest by giving incenti
for Hydro Power Developers.

Outside the scope of NEP.

No

28.5

Funding of infrastructure cost by Governme
of India (from National Clean Energy Func
another could benfrastructure cost to b
recovered from 12% free Power being giy
to State.

Outside the scope of NEP.

No

28.6

Proposal of single window clearance f{
Hydropower projects.

Outside the scope of NEP.

No

28.7

For the purpose of Flood Moderation Benefi
the developers do not accrue any tangi

benefits for the exclusive increase in the d

Regulatory issue.

No
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heights, this additional cost should be boi
by the Government in national interest.

28.8

i) A detailed recommendation on the poli
for encouraging pumped storage scher
should be mentioned in the NEP.

i) Table 7.5 & Table
correction/updation.

7.2 need

i)Already recommended in NER

i) Correction/ updation done i
the NEP.

Yes

29

WARTSILA INDIA PVT. LTD.

29.1

Retirement of old and inefficient units af
replacing them either with more efficie|
super critical units or with gas based flexit
generation based on the demand pattern o
State to which the old units were catering
In case thd’LF of existing base load plants
below optimum level then adding further be
load capacity even if super critical will onl
lead to increase in system level cost
generation and burden the end consun
even more.

NEP has highlighted the vitg
role d hydro, gas plants etc. i
meeting the ramping requireme|
associated with the variabilit
and uncertainty of RES

No

29.2

2.----it may be more prudent to consider
combination of coal plants topped up by ¢
engine plants for peakier load to meet ted
not only more economically but also mag
efficiently.

3.Gas based plants should also include inte
Combustion Gas Engine plants where peak
availability for both OCGE as well as CCC
can be considered as 90%.

5. é.gas engine b a
considered for capacity expansion for {
purpose of renewable integration as well
meeting efficiently the peakier load.

The immediate priority is tg
ensure adequate fuel for existi
gas based stations so as
achieve full utilization of the
existingplants.

No

29.3

4. While evaluating various technologies, 1
document covers CCGE heat rates howevi
has not considered OCGE heat rate whicl
2300 kcal/kwh and hence much more effici¢
in handling load variations.

6. OCGE can support the peakingnd
renewable integration qualitative paramet
of startup shut down and ramp up/ramp do\
very efficiently and hence need to be analy;
on an equal platform.

Suitable heat rates for open a
closed cycle gas power plan
have been considered.

No

30

GREENPEACE

30.1

Large hydro and nuclear energy hg
significant impact on the environmer
Therefore, it would make sense to avoid thi
technologies in favour of more nimbl
decentralized, cheaper options such as

and solar power.

A judicious mix ofconventional
and renewable capacity

required to take into account t
variability —and  uncertainty
associated  with  generatig

available from RES.

No

31

IWPA
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31.1

To consider additional gas stations
generation plant for better RE (Renewal
Energy)integration.

First priority is to ensurg
adequate supply of fuel fag
existing gas based stations so
to achieve full utilization of the
existing plants.

No

31.2

—-fAmust runod for RE
a primary law by including the same in the |
Act to make this plan successful.

The draft NEP has been prepatr
by incorporating RE as a mu
run. However, making law in thi
regard is outside the scope
NEP.

No

31.3

Retro fit the existing conventional plants
make it as factual power plantShis will help
better integration of RE power.

This has already bee

highlighted in the NEP.

No

31.4

Responsibility for balancing renewables to
entrusted with RLDCs instead of RE ri
States.

Included in NEP.

Yes.

32

PETROLEUM FEDERATION OF INDIA

32.1

The gas requirement in the power sector
been projected to the tune of 54 MMSCM
which seems to be on a lower side ang
hampers the plan for increasing the share
natural gas in the primary energy mix.

The minimum requirement of ga
to the tuneof 45 MMSCMD has
been projected in the NEP. Ide
availability of gas should b
corresponding to the 70%0%
of PLF.

No

33

YAMUNA JIYE ABHIYAN /SHANKAR SHARMA/MITRAMADHYAMA

33.1

Because of the huge inefficiency prevailing
t he count r y thehighestprmnity
is needed to take the overall efficiency to |
international best practice levels; th
approach is known to cost least amon
various options to meet the legitimate dem:
for electricity of all sections of our society;
will also have the shortest gestation peric
and many associated benefits.

By adopting supecritical
technology (and ultrsuper
critical technology which is in
the process of development) a
by establishing UMPPs, th
efficiency of coalbased plants
are going o improve
significantly.

No

33.2

Realistic Demand Projection

The demand taken in the fin
NEP is as per the projections
19th EPS.

No

33.3

Power sector may not need a lot of additio
capacity if the existing infrastructure is put
use optimally

Studies have been carried out
find out the optimal capacit
addition requirement.

No

33.4

CEAG6s draft pl an ha
biomass and small hydropower sources,
potential for ocean energy in India with ov
6,000 km of coastline should not be ignort
Similarly, geothermal potential require
scrutiny.

Capacity addition from R&is as
per the target set by GOI.

No

33.5

RES should be vigorously promoted.

Government of India is alread
doing it.

No

34

CAG (CITIZEN CONSUMER AND CIVIC ACTION GROUP)

34.1

No plan for State$ It would help if the Plan
contain chapters on showingtatelevel
electricity recommendations.

Details of the state level plans &
not covered in NEP.

No

34.2

Waste to energy It is submitted that waste t
energy plants are not renewable ene

sources. They have same environmel

Sources of RES generation ha
been considered as per t

program finalized by MNRE.

No
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effects of thermal poweplants and cannot b,
treated as renewable energy sources.
. . After the enactment of Electricit]
Construction of certain coal based plants n Act 2003. electricity generatio
be put on hold as market will be glutted wi T y 9
. . ; | has been delicensed. Developg
excess poer effectively turning into ¢
N set up the plants based on th
343 |buyer és mar ket . Th . No
. own wisdom. Govt. cannot forg
pressure on per unit cost of power and so |
. . | anybody to set up/not to set [
make operations of such sources unvig
. power plant. Government onl
leading to stranded assets ; ; S
issue advisory in this regard.
EIA - ----- a separate section should be adf
on EIA processand give adequate plannif| This is not in the purview o
34.4 oo : . No
directions to projects proponents to reinfo] NEP.
their adherence the same.
Electricity storage ---it is submitted that theg Storage teqhnology IS In nasce
4 . stage and it would be prematu
NEP take cognizance of the importance o . -
34.5 eneray storage aridcoroorate the same as and subjective to discuss in det; No
9y 9 P in NEP regarding its operation
section in NEP. . b
impact visavis cost.
35 DUETSCHE BANK AG, HONG KONG
. . . .| Capacity addition figures give
35.1 ﬁIG r(ﬁwa?;ig:;gt?ddmon from RES in 2017 i in NEP is as per the projectiof No
gnly ' given by MNRE
. . . In the final NEP, retirement g
35 2 There is no mention of the retirements 36 ( 22716 MW of coal base| No
of old projects ; .
capacity has been considered.
353 CEA estimates seem highly ambitious | Capacity addition from RES is ¢ No
' relation to the ability of RES to be absorbe( per the target set by GOI.
Revised likely hydro and nucleg
CEA assumes all hydro(15GW, Capacity has been considered
35.4 | Nuclear(2.8GW) and RES(175 GW) | final NEP. Capacity additiof No
committed capacity. It looks aggressive. from RES is as per the target <
by GOI.
36 ASSAM POWER GENERATION CORPORATION LIMITED
36.1 | No Comment | | No
37 ANTHIKA ENGINEERING
The following should be included in NEP:
. . Due to MoEF&CC new
371 T vl:\)/gﬁilsl,sfro?rf] 1SZI‘IFI):?\?§-eea?fPI§r§M/ LB environmental norms, th&®&M No
' , y works proposed is yet to Kb
1 Details of R&M works proposed to i ¢nalized.
undertaken during 20172.
1 Yearwise R&M budget
38 ZAL COWASJI
Adequate incentive mechanism may
38.1 | provided for the SPV installation both for tif This is included in the final NEP | Yes
new houses as well as old houses/buildings
39 TORISHIMA PUMPS INDIA PVT. LTD.
List of coal based capacity addition of 500 .. . . . ,
39.1 MW may be given in the NEP This is included in the final NEP | Yes
40 SHRI VIVEK GUPTA, 1IM LUCKNOW
201 Key Inputsshould focus more on inpul Inputs for the same would be ma No
' required for installing Solar Powerojects. | available by MNRE separately.
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As per Table 14.15here isno requirement o
management graduates in power sector. G .
the competitive environment in the pow The requirement of manageme
40.2 b P graduate is included in th No
sector and the number of solar pow .
; . . Graduate Engineer category
companies marketing their Roof top so
products, this needs to bethought.
41 DR. ANINDYA BHATTACHARYA, ENERGY EXPERT
Chapter 13 on new technologies coulditie
bit elaborated with a technology developmd . : .
) : Appropriately incorporated in th
41.1 | pathway (Time Vs technology ) covering t| _: Yes
L ) Final NEP
initiatives taken in the country towards new
and efficient technologies of power generat
Demand projection is ok but its methodolog| The Final NEP is based 0@
41.2 S No
are not very robust. projections of 19 EPS.
Chapter 10 on key inputs for power generat . .
is an interesting chapter but is very importy The details regarding land af
in the context of sustainabilityf dhe sector| water requirements and key issy
Given the facts of rapidly changin associated with land acquisitig
413 environment and society and availability | are already included und_er pa No
: resources, the chapter should have delved | 10.10.1 & 10.10.2 respectively ¢
more detail and clarity. Especially the Watq the chapter.
Energyland nexus could have been a sepa
subsection here shouldhe information is
already available.
Conclusions & Recommendation section Providing detailed quidance fd
well written but given the purpose of the NF . g de d guioa
414 | . . -1 implementation is outside th No
it should have contained more detall .
. ) ; purview of NEP
guidance and benefits of doing so.
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11.

12.

13.

14.

15.

16.

17.

MAJOR HIGHLIGHTS

The actual capacity addition during™Plan from conventional sources as off Blarch,2017 is 99,209.6

MW (Coal 83,560 MW, Lignite 1,290 MW, Gas 6,880.5 MW, Hydro 5,479 MW, Nuclear 2,000 MW)
against a target of 88,537 MW. This is about 112% of the target.

56 % of total capacity addition during® plan has come from private sector.

There has been considerable slippage against the capacity addition target in respect of Hydro (5,451 MW)
and Nuclear (3,300 MW) during the"1Plan period.

During 12" plan, capacity addition from supercritical technology based coal power plantsiigiat2%

of the total capacity addition from coal based plants.

R&M/LE works in respect of 37 Nos. thermal units with aggregate capacity of 7,202.6 MW have been
completed during 12th Plan up tos8Warch,2017. Also about 4014.6 MW of Hydro capacity hasrb
achieved through uprating, life extension and restoration activities for a total of 20 hydro R&M schemes
up to 33 March,2017.

As on 33 March,2017, India has achieved a total installed capacity of 57,244.24 MW from Renewable
Energy Sources.

By 2021-22, the Renewable Energy capacity target has been set to 175 GW.

A capacity addition of 32,741 MW from Renewable Energy Sources has been achieved duftanl2

Total energy savings due to implementation of various energy saving measures during the ye2?s 2021
and 202627 are estimated to be 249 BU and 337 BU respectively.

As per the 19 Electric Power Survey, the projected Peak Dema2@@GN and Energy regjrement is

1,566 BU at the end of year 2022.

As per the 19 EPS report, the projected Peak Demand is@@0and Energy requirement is 2047 BU at

the end of year 20287.

Considering the demand projections for the year IR as per the 19th EPS (wheEAGR works out to

be 6.18%), committed capacity addition from Gas 406 MW, Hydro 6,823 MW, Nuclear 3,300 MW, RES
1,17,756 MW and likely retirement of 22,716 MW (5,927 MM and inefficient units + 16,789 MW
completing 25 years by 2022 and without FGDcg)aof coal based capacity during 2€AZ, the study

result reveals that coal based capacity addition of 6,445 MW is required during the perie222017
However, a total capacity of 47,855 MW coal based power projects are currently under differentfstages o
construction and are likely to yield benefits during the period Z2LThereby, the total capacity addition
during 201722 is likely to be 1,76,140 MW.

An alternate scenario has also been constructed, considering demand CAGR of 7.18% during the years
2017-22 and keeping other parameters unchanged. It was found that 19,700 MW coal based capacity
addition would then be required during the years 224,74n case of increased demand scenario. However,
coal based capacity of 47,855 MW are at different stafesnstruction and are likely to yield benefit
during 201722. The PLF % of coal based power stations will therefore increase substantially. However
all the requirements mentioned in the highlights are based on the demand projections AEpP&. 19
Corsidering the demand projections for the year 202gas per the 19th EPS, coal based capacity addition

of 47,855 MW already under construction for benefits during 228, 7committed capacity addition of
Nuclear 6,800 MW, Hydro 12,000 MW, RES 1,00,000 M¥id dikely retirement of 25,572 MW of coal
based capacity (which will be completing more than 25 years of age by 2027) durin@ 72082 study
results reveal that capacity addition of 46,420 MW is required during the perioeRZ0Zhis capacity
additionrequired during 20227, as shown in the results is, in fact, the peaking capacity requirement to
be met in the grid. This capacity requirement can be met from any conventional source of energy but
preferably from peaking power plants like Hydro, Gas wer§y Storage Devices.

Considering the generation capacity addition mentioned in 13 and 14 above, the shars§ihbased
installed capacity (Nuclear + Hydro + Renewable Sources) will increase to 49.3 % by the end2® 2021
and will further increase 57.4% by the end of 20257.

The Renewable Energy Generation will contribute about 20.1 % and 24.4 % of the total energy in 2021
22 and 202&7 respectively.

The total coal requirement in the year 2@21land 20287 has been estimated as 735 MT and BIT
respectively including imported coal of 50 MT. The coal requirement for the yearZZ0and 202&7

have been worked out considering 30% reduction in Hydro generation due to failure of monsoon and being
supplemented by coal based generation.

MAJORHIGHLIGHTS
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18. Againsta total domestic natural gas allocated to power projects of 87.05 MMSCMD, the total gas supplied
to these gas based power plants during the year2D¢as only 29.59 MMSCMD.

19. It has been estimated that the gas based stations shall need at leaBtMS@NID of gas to meet the
balancing and peaking requirement of the grid arising due to RES integration. If the storage devices
becomesconomically viable ifuture,then they can also be used for the balancing.

20. Adequate manufacturing facilities exist irdla for main plant equipment. However, lack of orders is a
concern of all equipment manufacturers.
21. The total fund requirement for the period 28 22 i s esti mated to be 11,

includes the likely expendituiduring this period for the projects coming up in the year 262227.

22. The total fund requirement folne period 20227 is estimated to be 9,56,214 crores dhoesnot include
advance action for projects coming up during the period 2022032

23. The total CQ emissions for the year 2022 and 2027 is estimated at 1026 Million Tonnes and 1173
Million Tonnes respectively.

24. The average COemission factor is estimated at 0.721 kg o&@/h during 201516 (including
renewables). It is expected that this avera@e €nission factor may reduce to 0.604 kgAE@/h by the
end of year 20222 and to 0.524 kg CZkWh by the end of 20287, considering the projected addition
of RES capacity.

25. Emi ssion intensity kgCO2/ GDP ( ) f reduse byd0.bl8 atc onn e |
the end of 20222 and 53.65 % at the end of 2626 from the year 2005 level.

26. It is estimated that 20.69 Million Tonnes of £€&missions has been avoided by'8larch,2017 due to
commissioning of Supetritical technology based coglower plants vis-vis the scenario of only
subcritical units had been commissioned.

27. It is estimated that about 268 Million Tonnes of &ission will be avoided annually by the end of the
year 202122 due to the addition of renewable energy sources.

28. Courtry has achieved 60.97 % of fly ash utilisation in the years -A®&13n terms of absolute value, the
same stands at 107.77 Million Tonnes

29. Sufficient number of Engineers, Managers and Diploma holders are available in the country. However,

there is a gan respect of lower level skills like that of ITI.

MAJORHIGHLIGHTS
xli
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CHAPTER 1

INTRODUCTION
1.0 BACKGROUND

Growth of Power sector is key to the economic development of the country as it facilitates development across various
sectors of theconomy, such as manufacturing, agriculture, commercial enterprises and railways. Since independence
the power sector in India has grown considerably. However, the enactment of Electricity Act, 2003, has brought in
revolutionary changes in almost all threa@s of the sector. Through this Act a conducive environment has been created
to promote private sector participation and competition in the sector by providing a level playing field. This has led to
significant investment in generation, transmissioth distribution areas. Over the years the installed capacity of Power
Plants (Utilities) has increased to 3,26,8@8V as on 31.3.2017rom a meagre 1,713 MW in 1950. Similarly, the
electricity generation increased from about 5.1 Billion units in 1950 #21BJ (including imports) in the year 2016

17. The per capita consumption of electricity in the country has also increased from 15 kWh in 1950 to abk€tH.,122

in the year 2014.7. Out 0f5,97,464census villages,92,135 villages (99.25%) have beerctified as on 31.03.2017.
Regional grids have been integrated into a single national grid with effect from 31.12.2013 thereby providing free flow
of power from one corner of the country to another through strong inter regional AC and HVDC links. As gheesu

all India peak demand (MW) not met as well as energy (MU) not supplied have registered steady decline. The peak not
met and energy not supplied were 1.6 % and 0.7 % respectively during the yedi72016

1.1  ELECTRICITY ACT 2003, NATIONAL ELECTRICITY POLICY 2005 AND TARIFF POLICY 2016
1.1.1 Electricity Act 2003 and Stipulations Regarding National Electricity Plan

The Electricity Act, 2003 provides an enabling legislation conducive to development of the Power Sector in transparent
andcompetitive environment, keeping in view the interest of the consumers.

As per Section 3(4) of the Electricity Act 2003, Central Electricity Authority (CEA) is required to prepare a National
Electricity Plan in accordance with the National Electricityi®olnd notify such Plan once in five years. The draft

plan has to be published and suggestions and objections invited thereon from licensees, generating companies and the
public within the prescribed time. The Plan has to be notified after obtainingpheval of the Central Government.

The National Electricity Policy stipulates that the Plan prepared by CEA and approved by the Central Government can
be used by prospective generating companies, transmission utilities and transmission/distributies beemseference
document.

1.1.2 National Electricity Policy 2005 and Stipulations Regarding National Electricity Plan
The Aims and Objectives of the National Electricity Policy are as follows:

Access to Electricity Available for all households in refive years.

Availability of Power- Demand to be fully met by 2012. Energy and peaking shortages to be overcome and
adequate spinning reserve to be available.

Supply of Reliable and Quality Power of specified standards in an efficient manner arsbagtbda rates.

Per capita availability of electricity to be increased to over 1000 units by 2012.

Minimum lifeline consumption of 1 unit/household/day as a merit good by year 2012.

Financial Turnaround and Commercial Viability of the Electricity Sector.

Protection of consumersd interests.

=a =4

=A =8 =8 -8 -4

National Electricity Policy stipulates that the National Electricity Plan would be for atgnorframework of five years
while giving a 15year perspective and would include:

1 Shortterm and long term demand forecast for different regions;
1 Suggested areas/locations for capacity additions in generation and transmission keeping in view of the economics
of generation and transmission, losseshim $ystem, load centre requirements, grid stability, security of supply,

INTRODUCTION
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quality of power including voltage profile, etc.; and environmental considerations including rehabilitation and
resettlement;

1 Integration of such possible locations with transmissiggiem and development of national grid including type of
transmission systems and requirement of redundancies;

1 Different technologies available for efficient generation, transmission and distribution.

1 Fuel choices based on economy, energy security mricbamental considerations.

The Policy also stipulates that while evolving the National Electricity Plan, CEA will consult all the stakeholders
including State Governments and the State Governments would, at State level, undertake this exerciseaitiocoordi

with stakeholders including distribution licensees and State Transmission Utilities (STUs). While conducting studies
periodically to assess shderm and longerm demand, projections made by distribution utilities would be given due
weightage. CEAwill also interact with institutions and agencies having economic expertise, particularly in the field of
demand forecasting. Projected growth rates for different sectors of the economy will also be taken into account in the
exercise of demand forecasting

The Policy stipulates that in addition to enhancing the overall availability of installed capacity to 85%, a spinning reserve
of at least 5% at national level would be needed to be created to ensure grid security, quality and reliability of power

supply

The Policy states that efficient technologies, like swgitical technology, Integrated Gasification Combined Cycle
(IGCC) etc. and large size units would be gradually introduced for generation of electricity as their cost effectiveness
getsestablished.

The present National Electricity Policy was enunciated
achieved different levels of implementation. Keeping in view of these and to cater to the further challenges of the sector,
the National Electricity Policy is under revision.

1.1.3 Tariff Policy 2016

The Central Government has notified the revised TRiticy vide Gazette notification dated 28.01.2016 in exercises

of powers conferred under section 3(BJtectricity Act,2003. The Tariff Policy has been evolved in consultation with

the State Governments, the Central Electricity Authority (CEA), the Central Electricity Regulatory Commission and
various stakeholders.

The objectives of this Tariff Policy are to:

1) Ensure availkility of electricity to consumers at reasonable and competitive rates;

2) Ensure financial viability of the sector and attract investments;

3) Promote transparency, consistency and predictability in regulatory approaches across jurisdictions and minimize
percepions of regulatory risks;

4) Promote competition, efficiency in operations and improvement in quality of supply;

5) Promote generation of electricity from renewable sources;

6) Promote hydroelectric power generation including Pumped Storage Projects (PSP)de adeduate peaking
reserves, reliable grid operation and integration of variable renewable energy sources;

7) Evolve a dynamic and robust electricity infrastructure for better consumer services;

8) Facilitate supply of adequate and uninterrupted power t@tdgories of consumers;

9) Ensure creation of adequate capacity including reserves in generation, transmission and distribution in advance,
for reliability of supply of electricity to consumers.

1.2 POWER SCENARIO IN THE COUNTRY
1.2.1 Installed Capacity

The Installed Capacity of the country as on 31.3.2017 was 3,26,833 MW comprising of 2,18,330 MW thermal, 6,780
MW Nuclear, 44,478 MW hydro and 57,244 MW renewables and is depicted Hxkigit 1.1.

INTRODUCTION
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Exhibit 1.1.
(All figures in MW)
ALL INDIA INSTALLED CAPACITY AS ON 31 -03-2017
RES 57244
17%
Nuclear 678Q Hydr&f;lMS
2% \
Diesel| 838 0%
Gas 25329 8% Coal 192163
59%
Total IC 3,26,833 MW

The country has significant potential of generation from renewable energy sources. All efforts areduktng
by Government of India to harness this potential. The Installed capacity a&Mdargh, 2017 from renewable
energy sources 157,244.23MW. The total renewable installed capacity comprise®20279.7 ™MW of wind,
12288.83VIW of solar,8,295.78MW of bio-Power & waste poweand 4,379.86 MW of small hydro plaras
shown inExhibit 1.2. India ranks fourth in the world in terms of installed capacity of wind turbine power plants.

Exhibit 1.2

(All figures in MW)

ALL INDIA INSTALLED CAPACITY OF RES ASON 31 -3-
Small Hydro 17

Solar,/

12288.8321%
RES IC 57,244 MW

4,379.868%
Bio-Power,
8,295.7815%
Wind,
32279.7756%

The growth of Installed Capacity and Electricity Generation in India from various sources is shbabiein

1.1, Exhibit 1.3 and 1.4.

INTRODUCTION
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Table 1.1
Growth of Installed Capacity & Electricity Generation

Plan/Year Installed Capacity Generation Generation  Growtl Generation Compoun
(MW) (BU)* rate in (%) Growth (%)

10" Plan
200203 107877 530.61 3.2 5.16
200304 112684 558.34 5.0
200405 118426 587.42 5.2
200506 124287 617.51 5.1
200607 132329 662.52 7.3

11" Plan
200708 143061 704.47 6.3 5.77
200809 147965 723.79 2.7
200910 159398 771.60 6.6
201011 173626 811.10 5.1
201112 199877 877.00 8.1

12" Plan
201213 223,344 912.05 4.0 5.74
201314 248,554 967.15 6.0
201415 274,904 1048.67 8.4
201516 305,163 1107.82 5.6
201617 326,833 1160.14 4.7
1 Generation from conventional sources only

Exhibit 1.3

GROWTH OF INSTALLED CAPACITY

352,500
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Exhibit 1.4
GROWTH OF ELECTRICITY GENERATION
1,400,000
1,200,000
1,000,000
- 800,000
= 600,000
400,000
200,000
Orxoox—IO)OLDONI\NI\NC*)ﬂ'LD@l\
IHDLQEOONT®®DO PP QO g oot
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m Hydro m Thermal m Nuclear = RES m Bhutan Imp

1.2.2 Per Capita Electricity Consumption

The per capita electricity consumption was 883.64 kWh at the beginning of'tfieetgear plan i.e. 01.04.2012
and as on 31.03.2017 the per capita electricity consumption has increased to 1122 kWh. The per capita electricity
consumption during ¥2Plan is summarized ifiable 1.2.

Table 1.2

Per Capita Electricity Consumption

YEAR PER CAPITA CONSUMPTION
kWh

201213 914.41
201314 956.64
201415 1010.00
201516 1075.00
201617 1122.00

1.2.3 Actual Power Supply Position

The peak demand not met was about 12,159 MW (9.0%) and the average energy not supplied in the country was
about 87 Billion kWh (8.7%) during the'yyear of 12" plan i.e. 201213. The peak not met and energy not
supplied of the country has substantially declined to 2,608 MW (1.6%) and 7.6 Billion Units (0.7%) respectively
by the end of 12 Plan (201617). The power supply position in the country during"®lan is summarized in

Table 1.3
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Table 1.3
All-India Actual Power Supply Position (201217)

PEAK

PEAK

ENERGY ENERG

PERIO DEMAN NOT REQUI- Y
D D MET/ REMEN  AVAIL -
(MW) SURPLU T ABILITY
s ) )
(%)
(-7+)
201213 135,453 123,294 -12,159 9.0 998,114 911,209
201314 135,918 129,815  -6,103 45 1,002,257 959,829
201415 148,166 141,160  -7,006 4.7 1,068,943 1,030,800
201516 153,366 148,463  -4,903 3.2 1,114,408 1,090,850
201617 159,542 156,934  -2,608 1.6 1,142,928 1,135,332

ENERG
Y
NOT
SUPPLI
ED/
SURPL
us
(MU)
(-/+)
-86,905
-42,428

-38,143
-23,558
-7.596

ENERG
Y
NOT
SUPPLI
ED/
SURPL
us
(%)
(-/+)
-8.7
-4.2

-3.6
-2.1
-0.7

1.2.4 Plant Load Factor of Coal/Lignite Based Power Plant

The national average Plant Load Factor (PLF) of Coal/Lignite based power generating stations has been steadily
decreasing during lan period from 69.93% during 2013, to 59.88% during 20167. The year wise PLF
is shown inExhibit 1.5

Exhibit 1.5

PLF OF COAL/LIGNITE BASED POWER PLANTS (%)
75.00
70.00 293

65.55
65.00 246
2.28 50.08

60.00 :
55.00
50-00 T T T T 1

2012-13 2013-14 2014-15 2015-16 2016-17

1.2.5 Annual System Load Factor

The Annual System Load Factor is the ratio of the energy availability in the system to the energy that would
have been required during the year if the annual peak load met was incident on the system throughout the year.
This factor depends on the pattefrutlization of different categories of load. The Annual System Load factor

has remained close to 84% since 2Q21till 201516, primarily because of prevailing energy shortages in the
system and the load staggering measures adopted in the varioup&tatakarly in agriculture sector. System

Load factor has come down to 82.6% during 2QZ6Annual System Load Factor is as depicted irEtttabit

1.6.
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Exhibit 1.6

System Load Factor (%)

85.00

84.40
84.50 84.29 84.13

83.88
84.00

83.50 83.36

83.00 §2.59

82.50
81.95

82.00
81.51 8162

81.50
81.00

80.50
System Load
80.00

2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17

1.2.6 Reserve Margin and HydroThermal Mix

Reserve margin of a system is defined as the difference between the Installed Capacity and the peak load met as a
percentage of the peak load met. This factor depends on a number of parameters, major ones being the mode of power
generation i.ehydro, thermal, renewable and the availability of the generating stations which primarily is a function of
forced and planned shutdown of the generating units, capacity of the Discoms to procure power. The Reserve Margin
has increased from 50.94% in 2012 to 71.78% in March, 2017.

The HydreThermal mix has been decreasing from 22.86% as on 31st March, 2012 to 16.92% in March, 2017 mainly
due to reduced hydro capacity additionivéd vis thermal capacity addition during successive years. Pattern of reserve
margin and hydro thermaliris illustrated in theéexhibit 1.7.

This increase in Reserve Margin is on account of decrease in thermal PLF from 73.32 %12 295%.88% in 2016
17.
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Exhibit 1.7

Variation of Reserve Margin and Hydro Thermal Mix (%)

Reserve Margin (excluding Renewables) Hydro Thermal Mix

80.00

64.52 71.78
70.00 74.61
58.81 65.02

60.00 50.94

50.00
40.00
30.00

20.00

22.86 16.92
10.00 20.67 19.41 17.93 16.88

0.00
2011-12 2012-13 2013-14 2014-15 2015-16 2016-17

1.3 VARIOUS INITIATIVES OF THE GOVERNMENT
1.3.1 Development of Power Projects On Tariff Based Bidding

Promotion of competition in the electricity industry in India is one of the key objectives of the Electricity Act, 2003 (the
Act). Competitive procurement of electricity by the distribution licensees is expected to reduce the overall cost of
procurement bpower and facilitate development of power markets.

Section 61 & 62 of the Act provide for tariff regulation and determination of tariff of generation, transmission, wheeling
and retail sale of electricity by the Appropriate Commission. Section B &ct states that

AiNot withstanding anything contained in Section 62, the
been determined through transparent process of bidding in accordance with the guidelines issued by the Central
Government . 0

Tariff Policy was revised on #8January, 2016 to facilitate procurement of power on tariff based bidding. As per the
revised Tariff Policy AAII future requirement of powe|
licenees except in case of expansion of existing projects or where there is a company owned or controlled by the State
Government as an identified developer and where regulator will need to restore to tariff determination based on norms
provided that expansionf generation capacity by private developers for this purpose would be restricted to one time
addition of not more than 100% of the existing capacit
Case |l bidding as follows:

0] Where the locatin, technology or fuel is not specified by the procu@asel);

(i)  For hydrepower projects, load centre projects or other location specific projects with specific fuel allocation
such as captive mines available, which the procurer intends to set upanffibased bidding proce¢€ase
2)

The Standard Bidding Documents (SBDs) for C24¢MPPs were reviewed and the Model Bidding Documents for
construction and operation of power generation projects/Ultra Mega Power Projects(UMPPSs) on Design, Buil, Financ
Operate and Transfer (DBFOT) basis were issued on 20th Sept, 2013. Further, Ministry of Power has appointed an
Expert Committee to review the Standard / Model Bidding Documents for UMPPs and other location specific projects
under Case route. The Exm Committee, after exhaustive deliberations/discussions with various stakeholders, has
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prepared revised SBDs and Guidelines for UMPPs based on allocated Domestic Coal Blocks and submitted the same to
the Ministry of Power and the same is under the proalsger-Ministerial consultations. The Expert Committee has

also submitted its recommendation for comments from various stakeholders and guidelines for determination of tariff
through UMPPs on imported coal.

Ministry of Power had issued SBDs 18asel power projects on #March,2009. The revised SBDs containing Model

RFQ, Model RFP, Model Power Sale Agreement as well as Guidelines to be adopted by distribution licensees for
procurement of electricity on Design, Build, Finance, Own and OpeBRRBFQO) basis were issued ori" 8
November,2013 and"®™November,2013 respectively. Further, in order to ensure that the benefits of coal block auction
are passed on to the consumers, amendments to these Guidelines have been issued vide Resolutio2M&. 23/09/
R&R dated 18 April, 2015.

1.3.2 Development of Ultra Mega Power Projects

For the development of coal based Ultra Mega Power Projects (UMPPs) of about 4,000 MW capacity each under tariff
based competitive bidding route using Supercritical Teclyyobm build, own and operate basis was launched by the
Central Government in 20686. The UMPPs will be located either at pit head based on domestic coal or at coastal
locations based on imported coal. For UMPPs based on domestic coal, coal blockowik alllocated to the project
developer.

The objective is to achieve faster capacity addition and to minimize the cost of power to consumers due to economy of
scale. Four UMPPs were awarded to the developers selected through tariff based competitive bidding which are Mundra
UMPP in Gujarat, Sas UMPP in MP, Krishnapatnam UMPP in AP and Tilaiya UMPP in Jharkhand. All units of
Mundra UMPP (5X800 MW) and Sasan UMPP (6X660 MW) have been commissioned. The developer of
Krishnapatnam Ultra Mega Power Project, namely M/s Coastal Andhra Power Ltd (G¥sl9tarted the construction

work but has stopped the construction work citing new regulation of the Government of Indonesia as the reason which
prohibits sale of coal, including sale to affiliate companies, below bench mark price. Andhra Prade=sim Sautbr
Distribution Company Limited (APSPDCL), who is the lead procurer from Krishnapatnam Project has issued
termination notice to Coastal Andhra Power Limited (CAPL). CAPL had approached the High Court of Delhi. The
Delhi High Court has dismissedetipetition of CAPL on ? July,2012. CAPL has approached Division Bench, Delhi

High Court as well as Indian Arbitrator Council for arbitration. The matter is subjudice.

For Tilaiya UMPP, the developer (Jharkhand Integrated Power Ltd, a subsidiary di&R&3ued notice of termination

of Power Purchase Agreement on"28pril, 2015 citing non transfer of land to the developer by the Jharkhand
Government. Procurers have accepted the termination notice in November,2015 and after transfer of SPV (Special
Pumpose Vehicle), necessary development activities fdridding would be started as per revised standard bidding
documents(SBDs).

Four more UMPPs (Bedabahal in Odisha, Cheyyur in Tamil Nadu, Kakwara in Bihar, Husainabad in Jharkhand) have
been identifiedor bidding process.

In addition, five other UMPPs, one in Uttar Pradesh, two additional UMPPs in Orissa, second UMPP in Gujarat and
second UMPP in Tamil Nadu are in various stages of planning. The selection/investigation of sites for the above
mentionedadditional UMPPs are in process of consultation with the concerned State Governments.

Broad status of UMPPs is placedfatnexure 1.1.
1.3.3 Allocation of Captive Coal Blocks/Mines

The coal production in the country had not been keeping pace withdteasing demand of the power sector due to
various reasons, major one being delay in development of coal mines in the country. This had necessitated the need to
import coal. Therefore, it has been decided to allocate coal blocks to project developapier use. All UMPPs at

pithead have been allocated coal blocks.

The Hondble Supreme Cour t"Audust,RoidancOrderrdatddPdeptegmbed2Pdadt d at
declared allocations of 204 Coal Blocks out of 218 Coal Blocks made98@eas illegal. In compliance to the above
Supreme Court Order dated28eptember,2014, 9 coal mines in power sector for the linked end use power plant have
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been allotted through-&uction to the winning bidders (Developers). In addition to abovepa8mines for linked end
use power plant have also been allotted througlatment to Central/state sector utilities.

1.3.4 Hydro Policy- 2008

With a view to ensure accelerated development of hydro power, Hydro Power- R8I has been notified by
Government of India on 31March,2008. The salient features of the policy are given below:

1) Transparent selection criteria for awarding sites to private developers.

2) As notified in Revised Tariff Policy, 2016, Cost plus tariff regime (in which tariff ise determined by the
regulator under section 62 of Electricity Act, 2003) has been extended for public & private sector hydro power
projects up to 18 August,2022.

3) Enables developer to recover his additional costs through merchant sale of uptonairma%i40% of the
saleable energy.

4) Developer to provide 100 units of electricity per month to each Project Affected Famibash or kind or
a combination of both for 10 years from the COD.

5) Developer to assist in implementing rural electrificationhia vicinity of the project area & contribute 10%
share of the State Government under the RGGVY scheme.

6) Additional 1% free power from the project (over and above 12% free power earmarked for the host State) for
Local Area Development Fund regular revenuestream for welfare schemes, creation of additional
infrastructure and common facilities.

7) The State Governments to contribute a matching 1% from their share of 12% free power.

1.3.5 Augmentation of Indigenous Equipment Manufacturing Capacity

Indigenous ranufacturing capacity for supercritical equipment has been created by BHEL and several Joint Ventures
(JV) set up by the international equipment manufacturers in partnership with Indian companies. BHEL has entered into
technology collaboration agreementghavVi/s. Alstom for supercritical boilers and M/s. Siemens for supercritical
turbine generators. BHEL has achieved manufacturing capacity for power equipment of 20,000 MW/ year (includes
thermal, hydro and nuclear). Indigenous manufacturing capacity bgtd\s for supercritical boilers is 9,200 MW and
supercritical turbine generators is 11,000 MW as giverainle 1.4below.

Table 1.4
Planned Manufacturing capacity MW per annum

L&T -MHI 4000 MW 4000 MW
Alstom -Bharat Forge - 4000 MW
Toshiba JISW - 3000 MW
ThermaxBabcock & Wilcox 3000 MW -
Doosan Chennai Works Pvt. Ltd. 2200 MW (both subcritical -

and supercritical)
Total 9200 MW 11000 MW

With a view to encourage the domestic suppliers and provide orders to them, bulk orders for 11 nos. 660 MW
supercritical units for NTPC and DVC and 9 nos. 800 MW supercritical units for NTPC were approved by the
Government and undertaken by NTPC. Thesek lmutlers are with mandatory requirement of indigenization of
manufacturing of supercritical units by the successful bidders as peragneed Phased Manufacturing Programme
(PMP). The roadmap for PMP has also been defined indicating milestones fug getinanufacturing facilities for
boilers and turbine generators and the same are being monitored by a committee under Central Electricity Authority.
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It was decided by MoP that an advisory may be issued to all the Central sector and State sectpothermaherating
companies for sourcing of supercritical units from indigenous manufacturers. Accordingly, an advisory was issued by
CEA vide its letter dated $7Wanuary, 2017 suggesting incorporation of condition for phased indigenous manufacturing
facilities in the bids to be invited for boilers and turbine generators of supercritical projects on similar lines as bulk
orders approved by the Government.

1.3.6 Renewable Energy Sources

The Government of India has presently set an installed capacity target of 1,75,000 MW from renewable energy sources
by 2022.This includes 1,00,000 MW from solar, 60,000 MW from wind, 10,000 MW from biomass and 5000 MW from
small tydro power. Within the target of 1,00,000 MW for solar energy, 40,000 MW would be from solar roof tops and
the balance 60,000 MW would be from off the ground large and medium scale projects involving both the State
Governments and also other instituteg I&entral Public Sector Undertakings (CPSUs), Independent Power Producers
(IPPs), Solar Energy Corporation of India (SECI) etc.

1.3.7 Nuclear Power

The Government has recently taken several initiatives to facilitate expansion of nuclear power in the country like creation

of the Indian Nuclear Insurance Pool (INIP), Amendment of the Atomic Energy Act to enable Joint Venture companies

of Public Sector Bterprises to set up nuclear power plants. In the AFl6udget speech, the Finance Minister has also
announced that the Government is drawing up a comprehensive plan, spanning next 15 to 20 years, to augment the
investment in nuclear power generation pravision for Budgetary allocation. The announcement has given an impetus

for accelerating the nuclear capacity addition in the country. A road map in respect of indigenous Pressurised Heavy
Water Reactors (PHWR) is being drawn up as a part of the coenmigh plan on nuclear capacity addition. The
Government had already accorded fAin principled approva
indigenous Pressurised Heavy Water Reactor (PHWR), imported Light Water Reactors (L\WREB&s.

1.3.8 Power for All

Government of India has taken a joint initiative with respective State Governments for preparation of State specific
documents for providing 24x7 Power for All (PFA) to all households/homes, industrial & commercial conanchers
adequate supply of power to agricultural consumer as per State Policy. This initiative aims at ensuring uninterrupted
supply of quality power to existing consumers and providing electricity access to all unconnected consumers by 2019
in a phased manne

In these PFA documents, an assessment of energy required to provide 24x7 Power for All connected and unconnected
consumers, adequacy of availability of power to the State from various generating sources, Inter State Transmission
System, Intra State Tmamission System and distribution system to ensure 24x7 power supply is being made. The
development of Renewable Energy (RE) plan and Energy Efficiency (EE) potential in the States are also being included
in this document.

This joint initiative of Governmnt of India and State Governments aims to enhance the satisfaction levels of the
consumers, improve the quality of life of people, and increase the economic activities resulting into inclusive
development of the States.

State Specific Documents for thittae States/UTs have been approved by the respective State Governments and signed
by State & Central Government for implementation

The Central and State Governments are meeting regularly to review the progress of the Roll Out Plan & related
milestonesnvisaged in the documents and respective Governments would strive to achieve the objectives by taking the
necessary steps.

1.3.9 Initiatives Taken by Government of India in Distribution Sector
Distribution is the most important link in the entire powector value chainAs the only interface between utilities

and consumers, it is the cash register for the entire sector. Under the Indian Constitution, power is a concurrent subject
and the responsibility for distribution and supply of power to rurdllaban consumers rests with the States. However,
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Government of India provides assistance to states through various Central sector / Centrally sponsored schemes for
improving the distribution sector.

1.3.9.1 Integrated Power Development Scheme (IPDS)

Government ofndia launched Restructuréttcelerated Power Development and Reforms ProgramrfP(BRP) in

2008 during 1% Plan period as a Central sector scheme to encourage energy audit and accounting through IT
intervention and to reduce the Aggregate Technical@muimercial (AT&C) losses up to 15%. The size of the R
APDRP scheme was 51, -BADRP $cheme was on adtdaledenfostrabls perfofmanike by
utilities in terms of sustained AT&C loss reduction. The programme was continued till Decgfiber,

For providing 24x7 power supply in the urban ar&ag nt r a | Government l aunched Al nt
Schemeo ("0OR@SBYer, 201 foB

0] Strengthening of sutransmission and distribution networks in the urban areas.

(i)  Metering of distribution transformer/feeders/consumers in the urban areas.

(iii)  IT enablement of distribution sector and strengthening of distribution network, for completion of the targets
laid down under RFAPDRP for the period 20127 and 20122 by carryingorward the approved outlay for
R-APDRP to IPDS.

The components at (i) and (ii) above have an esti mat et
25,354 crores from Government of India during the entire implementation period

The scleme of RAPDRP as approved by Government for continuation during the period12048d 201722 has been

subsumed in the newly launched Integrated Power Development Scheme ¢liPB'SDecember,2014, as a separate
component relating to IT enablement o$tdbution sector and strengthening of distribution network for urban areas

[ component (i) above] for which Government has alre:
budgetary support of 2 2, 7o2ward o the mew schemd di IPBS incadditibndoythe wi | |
outlay indicated above.

Power Finance Corporation (PFC) is the nodal agency faygheationalizatiorf IPDS in the country.
1392 Deen Dayal Upadhyaya Gram Jyoti Yojnao (DDUGJY)

Government of India haapprovedD e en Day all Upadhyaya Gr anfDacgmberj20Mtj naod (

® Separation of agriculture and nagriculture feeders facilitating judicious rostering of supply to
agricultural & noragriculture consumers in the rural areas; and
(i) Strengthening and augmentation of gwmnsmission & distribution infrastructure in rural areas,

including metering of distribution transformers/feeders/consumers.
(iii) Rural electrification for completion of the targets laid down under RGGMWYLH# and 13' Plans by
carrying forward the approved outlay for RGGVY to DDUGJY.

The components at (i) and (ii) of the above scheme hav
support of 33, 453 cr o ngtke eftire amplen@atatianperiosde nt of | ndi a du

The scheme of RGGVY as approved by Government for continuation for yearsl20did 20172022 has been
subsumed in this scheme as a separate rural electrification component for which Government has alreadytepproved
scheme cost of 39,275 crores including a budgetary s
the new scheme of DDUGJY in addition to the outlay of
(REC) is the nodahgency for the operationalization of DDUGJY in the Country.

Under DDUGJY, a total of 6159 projects at an estimated
augmentation of distribution system and electrification ofelactrified/ partially electrified villages & electricity
connections to Below Poverty Line (BPL) households have been approved &5\ardh,2017.
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Under the scheme, electrification of 1,28,387electrified villages, intensification of 7,39,986 partially eldigd

villages and electricity connections to 4.27 crore households has been approved. Out of which electrification of 1,22,159
un-electrified villages (94%), intensification of 4,14,563 partially electrified villages (54%) and electricity connections

to 2,54,68,200 households (59%) has been achieved.

1.3.9.3 UDAY (Ujwal Discom Assurance Yojana) Scheme for Operational and Financial Turnaround of Power
Distribution Companies.

Ministry of Power vide Office Memorandum dated™2Bovember 2015, announcadDAY (Ujwal DISCOM
Assurance Yojana), a Scheme for the Financial Turnaroured Power Distribution Companies
(DISCOMSs). The scheme has been approved byGbgernment of India with an objective to improve

the operational and financia&ifficiency of the State DISOMs. The focus of UDAY Scheme is on Stataking

over the debt of State owned Discoms. Under the scheme, States were to take over 75% of DISCOM debt as on 30
September 2015 over two years0% in 201516 and 25% in 20187. States were to issue re®LR (non- statutory

liquidity ratio) including SDL State Development Loankpnds in the market or directly to the respective banks

/ Financial Institutions (FIs) holding the DISCOM debt to #ppropriate extenNon-SLR bonds issued by the

State will have a maturity period of 41Ib yearswith a moratorium on repayment of principal up to 5 years,

as required by th&tate.

DISCOM debt to be taken over by the State includes DISCOM bonds which are committed tenbevekby the

State as part of Financial Restructuring Plan (FRP) 2012. FRP Schenmspmvased and notified by the Central

Government in October 2012, to enable financial turnaround of State DisBomds already taken over in the year

201516 are coverd as part of the scheme. Jharkhand and Jammu & Kashmir are given special dispersationto
7,431 crore and 2,140 crore r espduedofvarolsyCPSUsasc | e ar

on 30" Sept, 2015 in the financial year 2016 itself. Debt taken over by the State and borrowings by

Jharkhand and J&K undehis scheme would not be counted against the fiscal deficit limit of respective

Statein the financial years 20156 and 2016L7.

As perthe UDAY schemefor improving operationagfficiencies, theparticipating States and utilities would
have to follow the specified timeline of thwrgeted activities e.gCompulsory feeder an®istribution
Transformer(DT) metering by States, Consumer Indexing & GIS Mapping of loskgmrade orchange
transformers, meters et8mart metering of all consumers consumiapove 200 units / montiDemand Side
Management (DSM)Quarterly tariff revisioncampaign to check powdhneft, Assurencreaseghower supply in areas
where theAT&C losses reduce

In addition, the outcomes of operational improvements is measured through following indicators:

a)Reduction of AT&C loss to 15% in 20189 as per the loss reduction trajectorybifinalized by
Ministry of Power (MoP) and States, and

b)Reduction in gafpetween Average Cost of Supply (ACS) & Average Revenue Realized (ARR) to zero
by 201819 as finalized by MoP and States.

States accepting the scheme and performing as per operational milestones are given additional / priority funding through
DDUGJY, IPDS Power Sector Development Fund (PSDF) or other such schemes of MoP and MNRE. Such States are
supported with additional coal at notified prices and, in case of availability through higher capacity utilization, low cost
power from NTPC and other Central Pgh8ector Undertakings (CPSUs). States not meeting operational milestones
are liable to forfeit their claims on DDUGJY & IPDS grants.

Ministry of Power subsequently issued the Office Memorandum dated 13.01.2016 regarding (i) Participation by State
Power Dgartments (those involved in distribution of electricity as unbundled State Electricity Boards and; (ii)
Participation by States where DISCOMSs are not financially stressed, for improvement in operational efficiency. It is
mentioned in this OM that in casé State Power Departments, the issue of State takeover of debts does not arise and in
case of States where DISCOMSs are not financially distressed, there is no need for State to take over DISCOM debts. In
regard to these cases, it is further stated inGifiicse Memorandum that States may also enter into bipartite/tripartite
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MOUSs, as applicable, along with their DISCOMs and the Ministry of Power for implementation of the Scheme for
i mprovement of operational par ameted20 soverder p0a5for UDA¥. Mo PO s

A Committee has been constituted by MoP vide OM dated 19.01.2016, under the Chairmanship of Secretary MoP to
ensure close monitoring of performance under UDAY to prevent any slippage.

According to the notified schemthe cutoff date for the States to take over 50% of DISCOM debt and issue of non
SLR including SDL bonds in the market or directly to the respective banks/FIs holding the DISCOM debt to the
appropriate extent, was 31st March, 2016. However, many Statelsadlshown willingness to join UDAY, could not

join the Scheme by 31.03.2016 as they were in the process of obtaining neepgsaxals at their end. In order to
facilitate the States to avail the benefits of UDAY Scheme, the Government of Indiatbadegikthe time lines of
scheme to allow such States to join the UDAY by 31.03.2017.

The timelines for taking over 50% of the DISCOM debts, as existing on 30.09.2015, through issuance of Bonds by
participating States under UDAY was also extended to 31003.

Further, the timelines for taking over outstanding CPSU dues of the State of Jammu & Kashmir as on 30.09.2015, was
extended to 31.03.2017.

Twenty six States and one UT namely Assam, Andhra Pradesh, Goa, Himachal Pradesh, Karnataka, Madhya Pradesh,
Maharashtra, Manipur, Puducherry, Rajasthan, Tamil Nadu, Uttar Pradesh, Jharkhand, Chhattisgarh, Gujarat, Bihar,
Punjab, Jammu & Kashmir, Haryana Uttarakhand, Tripura, Sikkim, Arunachal Pradesh, Kerala, Meghalaya and
Mizoram have already signed the Marmedum of Understanding (MoUs) with Ministry of Power under UDAY.

The States of Gujarat, Uttarakhand, Goa, Karnataka, Manipur, Puducherry(UT), Kerala, Tripura, Sikkim, Arunachal
Pradesh & Mizoram have signed MOU for Operational turnaround only.

1.3.9.4 National Smart Grid Mission (NSGM)

To promote the development of Smart Grid in the count
Mi ssi on ( N3 Ravh2a015faer plahiing, monitoring and implementation of policies & programs related

to development of Smart Grid in India.

The total estimated cost for NSGM activities fof'J2l an i s 980 crores including a
Under NSGM, 30% funding will be provided for the development of Smart Grid in selected SrierirCihe country

along with development of micro grid in the country. 100% funding is also proposed for training & capacity building

and consumer engagement etc.

Smart Grid Projects at Chandigar h wor t98.05cror@s8at GoBgressr or e s
Nagar (Nagpur) worth 139.15 crores and at Kanpur wor
National Smart Grid Mission Project Management Unit (NPMU) is handholding States for speeding up development of
Smart Gid Network in the country.

1.3.9.5 Creation of National Electricity Fund (NEF) for Distribution Scheme

Investment in Sultransmission and distribution has been lacking due to resource crunch being experienced by the State
transmission and distributiautilities. The brealup of the generation and transmission & distribution schemes shall
normally be 50:50. However, more investment is taking place in generation and investmentstaiatteansmission

system and distribution system has been muchhessthe desired proportion.

Government of India has approved the NEF (Interest Subsidy) scheme to promote the capital investment in the
distribution sector by providing interest subsidy, linked with reform measures, on the loans taken by public #nd priva
power utilities for various capital works under distribution projects. This scheme shall be applicable in the entire country
and all distribution projects shall be considered. The works covered under RGGVVXRDRP projects shall not be

eligible so aso ensure nowuplication and nowverlapping of grant/subsidy towards investment.

1.3.10 Energy Efficiency

Government of India has undertaken a two pronged approach to cater to the energy demand of its citizens while ensuring
minimum growth in C@ emissions, so that the global emissions do not lead to an irreversible damage to the earth
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system. On one hand, the Government is promoting greater use of renewables in the energy mix mainly through solar
and wind and at the same time shifting towardseseritical technologies for coal based power plants. On the other
hand, efforts are being made to efficiently use the energy in the demand side through various innovative policy measures
under the overall ambit of Energy Conservation Act, 2001.

Ministry of Power, through Bureau of Energy Efficiency (BEE), has initiated a number of energy efficiency initiatives

in the areas of household lighting, commercial buildings, standards and labelling of appliances, demand side
management in agriculture/municipalgjeSME's and large industries including the initiation of the process for
development of energy consumption norms for industrial sub sectors, capacity building of State Designated
Agency(SDA), etc. These initiatives have resulted in an avoided capacigrgton of 36,323 MW during the period
20062014.

1.3.11 The National Mission on Enhanced Energy Efficiency

The National Mission for Enhanced Energy Efficiency (NMEEE) is one of the eight missions under the National Action
Plan on Climate Change (NARZ. NMEEE aims to strengthen the market for energy efficiency by creating conducive
regulatory and policy regime and has envisaged fostering innovative and sustainable business models to the energy
efficiency sector.

The NMEEE spelt out four initiatives nhance energy efficiency in energy intensive industries which are as follows:

1) Perform, Achieve and Trade Scheme (PAT), a regulatory instrument to reduce specific energy consumption in
energy intensive industries, with an associated market based nwuhanenhance the cost effectiveness
through certification of excess energy saving which can be traded.

2) Market Transformation for Energy Efficiency (MTEE), for accelerating the shift to energy efficient appliances
in designated sectors through innovativeasures to make the products more affordable.

3) Energy Efficiency Financing Platform (EEFP), for creation of mechanisms that would help finance Demand
Side Management(DSM) programmes in all sectors by capturing future energy savings.

4) Framework for Energy Htient Economic Development (FEEED), for development of fiscal instruments to
promote energy efficiency.

The Mission seeks to upscale the efforts to unlock t h
74,000 crores and help achigetal avoided capacity addition of 19,598 MW, fuel savings of around 23 million tonnes

per year and greenhouse gas emission reductions of 98.55 million tonnes per year at its full implementation stage.
Continuation of NMEEE was approved by Cabinetié gust , 2014 with a total outl e

1.3.12 Domestic Efficient Lighting Programme

Domestic Efficient Lighting Programme (DELP) was launched by Government of India, replacing the Bachat Lamp
Yojana (BLY). The scheme provides LED bulbs at asglibed rate for replacing incandescent lamps or Compact
Fluorescent Lamps(CFL) to households. More than 9 crore LED bulbs were distributed ih&2@distering a 150

times growth against 6 lakhsin20134 . Pr ocur ement pri ce 10fbral & bulbbnwénbasy r e d u
2014 to 38. 00 for a 9 W bulb in the last bidding car
been distributed.

1.3.13 Human Resource DevelopmeiitAdopt an ITI Scheme

Power industry is highly capitantensive industry where human element is the most vital input. The power sector
provides wide range of opportunities across different levels of skill and aptitude. Power industry requires technically
trained manpower for various roles such as projeartrphg, implementation, erection, commissioning, testing, O&M

for generation transmission and distribution of power, which includes renewable energy sector and manufacturing
segment. Due to the technology intensive nature of the business, technical aggnahicompetency is crucial in
ensuring timely implementation of projects and optimum performance upon commissioning.

The labour intensity of energy production, i.e. the labour required per unit of energy produced, is much higher in
renewable energy sources than in conventional energy production primarily due to the distributed nature of the projects.
These distributed rewable sources of power not only provide clean, green and sustainable form of energy but also
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have enormous potential to generate employment in the rural communities. Small hydro, solar and biomass based energy
can go a long way in powering rural commiest Government of India has set a target for renewable capacity of 175
GW by 2022, it is important to ensure that the manpower be trained and equipped in these emerging areas.

Driven by the imperative to mitigate climate change, there is an increasimgdn renewable energy, energy efficiency,
conservation measures so as to reduce carbon footprint from the power sector. Falgjriteniudes implementation

of energy efficient systems, monitoring & auditing. Other key focus areas include lossardtudistribution utilities

and improving Demand Side Management (DSM). Monitoring systems for detecting losses as well as DSM techniques
require usage of advanced IT and communication systems which call for a large number of personnel to be trained in
these specialised areas.

With the emergence of competitive markets and power trading systems, a large number of highly skilled professionals
with commercial and technical knowledge are required in this area. Other key decision makers and managets also nee
to develop a good understanding of the trading systems in order to make commercial decisions.

With the increase in the stakeholders in the industry, the role of regulators is also very important. Training of regulators
at regular intervals is amportant issue that would promote institutional capability and provide the regulators with the
necessary skill sets. Apart from the regulators, the respective State Governments should also initiate steps to provide
training to the staff of regulatory comissions since it has been observed that tHeouse capacity of most of the
regulatory commissions is inadequate.

1.3.14 Scheme for Utilisation of Gas Based Capacity

Government of India has sanctioned a scheme for utilization of gas based powerajenapattity for the years 2015

16 and 2018L7. The scheme envisages supply of imported spagjeRiied Liquefied Natural Gas (RLNG) to the

stranded gas based plants as well as plants receiving domestic gas, selected through abiddergepeocess. Ten

scheme also envisages sacrifices to be made collectively by all stakeholders and support from PSDF (Power System
Devel opment Fund) . The outlay for the support from PSELC
crores for the year 20186 and 201617 respectively).

The following interventions/ sacrifices are envisaged in the scheme, to be made by the Central Government, State
Governments, power developers and gas transporters collectively:

a) Streamlining the procedure for availing customsyduaiver on imported LNG for the gas based power plants

b) Waiver of Value Added Tax (VAT) on thel#d RLNG

c) Waiver of Central Sales Tax (CST), Octroi and Entry Tax onhiel RLNG

d) Waiver of Service Tax on regasification and transportation of-thid RLNG

e) Reduction in pipeline tariff charges by 50%, reduction in marketing margin by 75% on incremental volumes
by GAIL / other transporters on thebéd RLNG

f) Capping of fixed cost to be recovered by the promoters: Power developers to forgo return on tigeir equi

g) Provision for cemingling and swapping of gas

h) Exemption from transmission charges and losses for such stranded gas based power projects on lines of solar
power on generation from thebéd RLNG

i) Support from Power System Development Fund (PSDF)
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1.4 DIGITAL INITIATIVES
1.4.1 TARANG

With the perspective of Good Governance and keeping i
India, REC Transmission Projects Limited(RECTPCL), a wholly owned Subsidiary of Rural Electrification
Corpa ati on Limited hasTrahenissidn égpdod Real Tilmd&RMONI@Bring and Growtlas a

mobile app and web interface. Tarang shall track ongoing transmission projects as well as provide wider participation

in bidding process for upcoming projsct Anot her -t waln s{bidding aamd eeerse auction for Tariff

Based Competitive Bidding (TBCB) in transmission projects has also been introduced .This portal shall bring more
transparency ,efficiency and competition in transmission secto

1.4.2 URJA(Urban Jyoti Abhiyaan)

This scheme is aimed @mpower citizens to bring transparency in performance of their town, DISCOMs, and state.
The App is a platform for user to get information on the power supply services in their region aspaellliadia.

User can keep check on how their town, DISCOM, State is performing compared to other regions for different months
and dates.

1.4.3 DEEP (Discovery of Efficient Electricity Price)

DEEP i-Bsi dad pdrted fér medium term (b years) purchee of power. The portal will provide a common e
bidding platform with ereverse auction facility to facilitate natievide power procurement through a wider network
S0 as to bring uniformity and transparency in the process of power procurement.

1.4.4 Vidyut Pravah

This mobile application provides highlights of the power availability in the country on real time basis. The mobile
application will empower the common people to demand 24x7 power from the Statgat Pravah mobile
application provides dafzertaining to market price of power from power exchange, value of current all India demand

in GW and all India and State shortage including peak hour and total energy shortage. The real time data and
comparison with previous day/year data is also avail&déa from multiple sources, including the States and power
exchanges, has been made available through a single portal for the convenience of all.

145 6HRANSSO6 WEB PLATFORM:

This will provide ebidding and ereverse auctiofor Tariff Based Competitie Bidding (TBCB)in transmission
projects.

1.4.6 UJALA (Unnat Jyoti by Affordable LED for All):

UJALA scheme aims to promote efficient use of energy at the residential level; enhance the awareness of consumers
about the efficacy of using energy efficieappliances and aggregating demand to reduce the high initial costs thus
facilitating higher uptake of LED lights by residential users. It may be noted that the scheme was initially labelled as
DELP (Domestic Efficient Lighting Program) and was relaudche UJALA UJALA mobile App has also been
launched which reflects the status of the energy efficient devices distributed to the consumerswiseStatd aH

India basis and the corresponding energy savings achieved.

1.4.7 GARV-II

To ensurdransparency in implementation of rural electrification programme, a new mobile app,-GARY been
launched to provide real time data of all six lakh villages of the country. Under this facility, willagehabitation

wise base line data on househelectrification for all States provided by them has been incorporated. Further,-village
wise works sanctioned under Deen Dayal Upadhyaya Gram Jyoti Yojana (DDUGJY) have also been mapped to
monitor progress of works in each village.
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1.4.8 FLEXIBILITY OF COAL

The Cabinet on 04.05.2016 approved the proposal for allowing flexibility in utilization of domestic coal amongst
power generating stations with a aim to reduce cost of generation.
Flexibility allows using domestic coal amongst power plants of SGaatral Generating Stations and Independent
Power Producers (IPPs).
MoP issued the methodology for using coal in State/Central generating stations in June, 2@&éhaddlogy for
utilization of coal by States in IPPs in Feb,2017.
1.4. SHAKTI - Schemefor Harnessing and Allocating Koyala (Coal) Transparently in India.
Thermal plants holding letters of assurance (LoAs) will be eligible to sign fuel supply pacts under the new
policy after ensuring that all the conditions are riiée plants have to lmmmissioned by March 2022.
Coal linkages on notified price for Central Government and State Government Generating Companies
(GENCOs) on recommendations made by Ministry of Power.
Coal linkages on auction basis on discount on the tariff for IPPs haviggdon PPAs.
Future coal linkages on auction basis on premium above the notified price of the coal company for IPPs without
PPAs.
Linkage allocation to State Discoms against PPA on Tariff based bidding.
Linkage allocation to group of States against PPA ariff based bidding.
Linkage auction to power plants based on Imported Coal.

ToToo oo Io  IoO
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STATUS OF ULTRA MEGA POWER PROJECTS

Annexure 1.1

S. Name of Location Levelised [Status
No. UMPP tariff
( / kw
1 | Mundra Mundra in 2.263 Project awarded and transferred to M/s.Tata P
UMPP village Ltd. on 24.04.2007.
(5x800 MW) Tundawand in Project is fully commissioned.
District Kutch
Guijarat
2 | Sasan UMP| Sasan in 1.196 Projectawarded and transferred to M/s. Reliar
(6x660 MW) District Power Ltd. On 07.08.2007. Project is fu
Singrauli. commissioned.
Madhya
Pradesh
3 | Krishnapatnam | Krishnapatnam in 2.330 The project was handed over to Reliance Power
UMPP District Nellore, on 29.01. 2008.The developer has stopped wot
(6x660 MW) Andhra site, citing new regulation of coal pricing
Pradesh Indonesia. Lead Procurer namely Andhra Prag
Southern Power Distribution Company (APSPD(
has issued termation notice to Coastal Andh
Power Ltd (CAPL). The case is subjudice in divis
bench, Delhi High Court.
4 | Tilaiya ~ UMPH Near Tilaiya village in | 1.770 Project awarded and transferred @hAugust, 200
(6x660 MW) Hazaribagh and to M/s Reliance Power Ltd.
Koderma The developer (Jharkhand Integrated Power Lt
Districts, subsidiary of RPL) has issued notice of terminat
Jharkhand of Power Purchase Agreement on 28.4.2015 ci
reasons as non transfer of land to the develope
Jharkhad GovernmentProcurers have accepted t
termination notice in November,2015 and af
transfer of SPV, necessary development activitieg
re-bidding would be started as per revised stanc
bidding documents(SBDs).
Projects identified for Bidding:
Sl Name of Location Status
UMPP
1 Bedabahal Bedabahal in| The site for this UMPP is in village Bedabahal i
Sundergarh Sundergarh district. Request for Qualification (RfQ) at
District, Odisha Request for proposal (RfP) were issued in 2013 as
revised Standard bidding Document (SBD) for UMPP
The
Bidders had withdrawn from the bidding process due
reason that the revised SBD does not fully address tf
concerns. The main areas of concern were DBF
structure, coal cost for being fully passed tlyloustricter
norms than CERC/CEA and grid code, onerous terminat
clauses and intrusive role of Independent Engine
Accordingly, MoP vide letter dated 29.12.2014 terminat
the bidding process. Fresh RFQ and RFP are to be iss
INTRODUCTION
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after approval of revied standard bidding document b
Govt.of .india.

Tamil Nadu

Village Cheyyur,
District
Kancheepuram

The site at Cheyyur in Kanchipuram district in Tamil Nag
has been identified at Panaiyur village. (RFQ) and (RH
were issued in 2013 as per revised

Standard Bidding Documents (SBD) for UMPPs. Th
bidders had withdrawn from the bidding process due to
reason that the revised SBD does not fully address tf
concern. The main areas of concern were DBFOT struct
coal cost not being fully passed thrbwgtricter norms than
CERCI/CEA and grid code, onerous termination clauses
intrusive role of independent Engineer. Accordingly, Mg
vide letter dated 29.12.2014 terminated the bidding procg
Fresh RFQ and RFP are to be issued after approva
revised Standard Bidding Document by Govt.of India.

Bihar

Kakwara in Banka
Districtt

A site at Kakwara in Banka District has been identified fi
setting up of UMPP in Bihar. Operating SPV namely Bih
Mega Power Limited (BMPL) and infrastructure SP
namely Bihar Infrapower Limited has been incorporated
09.07.2015 and 30.06.2015 respectively. Ministry of cq
vide O.M dated 08.04.3015 tentatively recommend
Pirpainti / Barahat coal blocks to this URMPToR accorded
by MoEF&CC on 07.006.2016 The work on technic
studies etc. has already commenced. Rapid EIA Rej
would be available by January 2017.

2nd Jharkhand
UMPP

Husainabad,
Deoghar District

A site at Husainabad, Deoghar District has belemtified
for setting up of 2nd UMPP in Jharkhand. Operating Sk
namely Deoghar Mega Power Ltd and Infrastructure S
namely Deoghar Infra Limited has been incorporated
26.4.2012 and 30.06.2015 respectively.

In the Review meeting held on 16.12.2016, sty of
power has requested Govt. of Jharkhand to provig
suitable site with availability of adequate water for setti
up of Deoghar UMPP. It was decided that Govt.
Jharkhand would identify the source from which adequ
water would be available forDeoghar UMPP and
communicate the same to Ministry of Power.

Other Ultra Mega Power Projects in various stages of planning:

Sl. | Name of Location Status

No | UMPP

1. | 1st Bijoypatna in Based on the site visit report submitted by CEA in March 2
additional | Chandbali site near village Bijoypatana in Chandbali Tehsil of Bhag
UMPP Tehsil of district was finalised .
in Orissa Bhadrakdistrict for | Consent from Government of Odisha is awaited.

coastal location
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2. | 2nd Narla&Kasinga sub| Based on the site visit report submitted by CEA in May 2012
additional | division of site near Narla and Kesinga subdivision of Kalahandi district
UMPP Kalahandi finalised.
in Orissa District for inland Consent from Government of Ot is awaited.

location

3. | Uttar Etah in Uttar The sites for UMPP in Uttar Pradesh are being examine

Pradesh Pradesh CEA/PFC. For UMPP in UP, proposed at Etah, major portio
land is agricultural land and very far from coal fields. 1
proposed site at Etah not being a coastal or Pithead Site; sy
approvalof MoP is required.

4. | 2nd Site not Government of Tamil Nadu had requested MOP/CEA
Tamil finalized. reconsider Nagapattinam site for second UMPP in TN. How,
Nadu this site was not found suitable by CEA for the UMI
UMPP TANGEDCO vide letter dated 10.10.2012 has informed

fal ternate si tendfUNPP of Tamil Npdu ¢
still being identified through District Collector, Nagapattinam
is further stated by TANGEDCO that all the Collectors have
been requested to identify suitable land for the proposed

Mega power Project in their resgtive areas.

5. | 2nd Site Not On 12.01.2016, CEA & PFCCL team has visited the sitg
Gujarat Finalized Chikali-Kob Villages in Gir Somnath District, Gujarat identifig
UMPP by Government of Gujarat to explore the possibilities for set

up of UMPP. As the land identified is not sufficient to set up
UMPP, Govt. of Gujarat has been requested to propose su
alternate site for 2nd UMPP in Guijarat.
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CHAPTER 2

REVIEW OF CAPACITY ADDITION DURING 12 ™ FIVE YEAR PLAN

(201217)

2.0 INTRODUCTION

The capacity addition target set for thé"Flve Year Plan is 88,537 MW from conventional sources of energy. This
chapter includes details of capacity addition durindan (202-17) and also the constraints faced in timely execution

of the power projects.

2.1

12" PLAN CAPACITY ADDITION TARGET FROM CONVENTIONAL SOURCES

One of the major objectives of the National Electricity Policy,2005 is to fully meet the electricity demand by the year
2012, thus mitigating all peaking and energy shortages. Now this objective is aimed to be achtbesadry2017.
Accordingly, a capacity addition target for thePlan was finalised at 88,537 MW. Details of sector wise and mode
wise capacity addition target is givenTiable 2.1and subsequently iBxhibits 2.1 and2.2

Table 2.1
12th Plan Capacity Addition Target

(Figures in MW)

Source Central State Private Total
Hydro 6,004 1,608 3,285 10,897
Thermal 14,878 13,922 43,540 72,340
Nuclear 5,300 0 0 5,300
Total 26,182 15,530 46,825 88,537
Exhibit 2.1
(Figures in MW)
12TH PLAN CAPACITY ADDITION TARGET (TYPEWISE)
Lignite
ig/o Gas
0 2540
/ 3%
Coal Hydro
69280 Y
8% | 10897
12%
Nuclear
5300
6%
TOTAL : 88,537 MW

REVIEW OF CAPACITY ADDITION DURINER YEAR PLAN
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Exhibit 2.2
(Figures in MW)

12TH PLAN CAPACITY ADDITION TARGET (SECTORWISE)

HYDRO THERMAL NUCLEAR TOTAL

ECENTRAL ®STATE ®=PRIVATE

2.2 CAPACITY ADDITION FROM CONVENTIONAL SOURCES DURING 12 ™ PLAN

The target set for capacity addition durthg 12" Plan was 88,537 MW from conventional sourges.on 3% March,
2017, capacity of 99,209.5 MW has been added durifidit Year Plan comprising of 5,479 MW of Hydro, 91,730.5
MW of Thermal and 2,000 MW of Nuclear.

Out of planned capacity aditih target of 88,537 MW to be achieved by the end &f(dlan, a capacity addition of
63,912.9 MW has been achieved as per target and projects totalling to BA\6bave slipped from 12Plan target
on account of various reasons viz. delay in placewfartder for main plant, slow progress of civil works, poor geology
etc. Further, additional projects totalling to 35,296.6 MW which were at various stages of construction and originally
not included in the I2Plan capacity addition target have also be@mmissioned during 12Plan period. A summary
of the total capacity addition during"1Plan is given irTable 2.2.
Table 2.2
Summary of capacity addition achieved during 12th Plan
(Figures in MW)

A | 12th Plan Capacity Addition Target 88,537
63,912.9

B | Capacity addition as per target (88,537 MW) of 12 Plan as on 31.03.2017

C | Capacity slipped from the capacity addition target of 1% Plan 24,6138

Additional Capacity commissioned during 12" Plan as on 31.03.2017 outsid]  35,296.6
the capacity addition target

Total Capacity addition achieved during 12" Plan (B+D) 99,209.5
*excludes 10 MW downward capacity revision in respect of Hinduja TPP

D

During the 12 Plan period, the year wise capacity addition achieved from conventional sources is sfiabie i2.3
Capacity addition achieved during 2016 was 23,976 MW, which is the highest capacity addition ever achieved in a
single year in the country. State wisapacity addition target and total capacity addition achievement (as per target and

REVIEW OF CAPACITY ADDITION DURINER YEAR PLAN
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additional) during 12 plan is placed aAnnexure 2.1.List of power projects commissioned during"lRlan period is
placed atAnnexure 2.2.

Table 2.3
Year wisecapacity addition achieved during 19 Plan
(Figures in MW)

ea e O e a ale = ale Ola
s 374 66 70 510
Thermal | 50233 | 3911 | 111875 | 201218
. Nuclear 0 0 0 0
Total 53973 | 3977 | 112575 | 206318
ilie 914 45 99 1058
Thermal | 1660 3322 11785 16767
R e e 0 0 0 0
Total 2574 | 3367 11884 17825
ilie 736 0 0 736
Thermal | 2659.2 | 4886.1 | 13285 | 208303
o Nuclear | 1000 0 0 1000
Total 43952 | 4886.1 | 13285 | 22566.3
il 480 610 426 1516
Thermal | 3295.6 | 6460 12705 | 22460.6
G N Cicar 0 0 0 0
Total 37756 | 7070 13131 | 23976.6
Hydro 80 355 1224 1659
e Thermal 3230.5 3622.25 4698 11550.8
Nuclear 1000 0 0 1000
Total 4310.5 3977.25 5922 14209.8

The sector wise, mode wise capacity addiaghieved during I2Plan from conventional sources, is showTable
2.4
Table 2.4
Capacity addition achieved during 12" Plan
(Figures in MW)

Thermal
Sector Hydro Nuclear Total
Coal+Lignite Gas Total
State 1076 20130 20714 22201.4 0 23,277.4
Private 1819 49730 3930.5 53660.5 0 55,479.5
Central 2584 14990 878.6 15868.6 2000 20,452.6
Total 5,479 84,850 6,880.5 91,730.5 2000 99,209.5

REVIEW OF CAPACITY ADDITION DURINER YEAR PLAN
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Exhibit 2.3
(Figures in MW)

CAPACITY ADDITION DURING 12TH PLAN

(TYPE WISE)
GAS
6,880.5
7% LIGNITE
1,290.0
COAL / 1%
83,560.0

'\ NUCLEAR
2,000.0
2%

84%

HYDRO
5,479.0
6%

TOTAL 99,209.5 MW

Exhibit 2.4
(Figures in MW)

CAPACITY ADDITION DURING 12TH PLAN
(SECTOR WISE)

CENTRAL
20,452.6
21%

STATE
23,277.4
23%

PRIVATE
55,479.5
56%

TOTAIL99,209.5 MW
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Exhibit 2.5
(Figures in MW)

CAPACITY ADDITION DURING 12TH PLAN AS AGAINST PLANNED
TARGET OF 88,537 MW
(SECTOR WISE)

CENTRAL

16,482
26%
]

STATE
15,551

24%

PRIVATE
31,880
50%

TOTAL 63,912.9 MW

2.3 ADDITIONAL CAPACITY ADDITION ACHIEVED DURING 12TH PLAN
(NOT INCLUDED IN THE TARGETED CAPACITY OF 88,537 MW)

As per Electricity Act,2003, thermal generation has been delicemsieth encouraged setting up of thermal power
projects. As a result, @apacity of 35,296.6 MW not included in thePRlan target has yielded benefits durindg'12
Plan. The sector wise and mode wise details are showabte 2.5and Exhibit 2.6. This ircludes private sector
contribution of 22,399.5 MW, amounting to around 63.5% of the total capacity addition which is outside the target.

Table 2.5
Additional Capacity Addition achieved during 12th Plan
(Figures in MW)

Sector Hydro Thermal Nuclear Total
Coal Gas/LNG Total
Central 0.0 3,920.0 51 3,971 0.0 3,971.0
State 9.0 8,520.0 397.1 8,917.1 0.0 8,926.1
Private 24.0 18,445.0 3,930.5| 22,375.5 0.0 22,399.5
Total 33.0 30,885.0 4,378.6| 35,263.6 0.0 35,296.6

REVIEW OF CAPACITY ADDITION DURINER YEAR PLAN
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Exhibit 2.6

(Figures in MW)
CAPACITY ADDITION OUTSIDE PLANNED TARGET OF 12TH PLAN

CENTRAL
3,971
11%

(SECTOR WISE)

PRIVATE
22,400
64%

8,926
\. o

Majority of additional projects commissioned during 12th Plan were listed in the previous National Electricity Plan.
However, projects to the tune of 88,537 MW were identified based on the assessment of their likely commissioning
during 12th Plan period.

TOTAL 35,296.6 MW

2.4 A COMPARISON OF 12" PLAN WITH PREVIOUS FIVE YEAR PLANS
The capacity addition target vs achievement during the previous few five year Plans is JiableiB.6.

As can be seen fromable 2.6 capacity addition achievement for previous five yelan® was short of the target
whereas during T2Plan, the capacity addition achieved is 112% of the target.
Table 2.6
Capacity Addition Target vis-a-vis Achievement in previous five year Plans
(Figures in MW)

Plan/ 8" Plan 9th Plan 10th Plan 11" Plan 12" Plan
Sector Target | Actual | Target | Actual | Target | Actual | Target | Actual | Target | Actual
State 14,870 6,835| 10,748 9,353| 11,157| 6,245| 26,783| 16,732| 15,530| 23,277.4
Private 2,810 1,430| 17,589| 5,262 7,121| 1,930| 15,043| 23,012| 46,825| 55,479.5
Central 12,858| 8,157| 11,909| 4,504| 22,832| 13,005| 36,874| 15,220| 26,182| 20,452.6
Total 30,538| 16,423| 40,245| 19,119| 41,110| 21,180| 78,700| 54,964| 88,537| 99,209.5

%
Achievement

53.7 47.5 51.5 69.84 112.1

REVIEW OF CAPACITY ADDITION DURINER YEAR PLAN
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Exhibit 2.7(a)
(Figures in MW)

PLANWISE TARGET VS ACHIEVEMENTS
120,000
99,210
100,000 88,537 I
78,700
80,000 I
g 60,000 54,964
40,245 41,110
40,000 30,538
L 19,119 21,181
16,423 ’
20,000 =
E R BB
0 [ |
0@} ny C}é)ﬂ ny Q@ﬂ 09) GQ)& va GQ)& \ﬁvy
P S R A NP A R SURC N R AR
N W ¥ N ¥ N ¥ W N w
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ESTATE #®mPRIVATE ®mCENTRAL

From theExhibit 2.7(a), it can be seen that private sector contribution towards capacity addition has significantly
increased during the TPlan period onwards contributing around 42% of the total capacity alddieg 11th Plan and
about 55% of the total capacity addition idgr12" Plan.

Mode wise capacity addition fronf'®lan to 12 Plan is shown ifExhibit 2.7(b).

Exhibit 2.7(b)
(Figures in MW)

PLANWISE MODEWISE CAPACITY ADDITION

91,731

MW

13,555 13,592 121 5,544 5,479
¢ ® 7,886
440 4,538 :né I ‘
-H 2,000
1,180 _ '
viiith — 0 IXth ~ 880 Xth xith 880 Xlith
5 YEAR PLAN

=¢—=THERMAL =@=HYDRO =#-=NUCLEAR

It can be seen frofxhibit 2.7(b) that thermal capacity addition after1Blan has increased significantly but capacity

REVIEW OF CAPACITY ADDITION DURINER YEAR PLAN
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addition from Hydro and Nuclear has not been able to keep pace with that of thermal capacity addition.

2.5 COAL BASED THERMAL CAPACITY ADDITION

To follow low carbongrowth strategy, Government of India is promoting supercritical technology for coal based power
plants, which has higher efficiency than conventional sub critical technology, thereby ensuring Jessiss@ns.

Table 2.7shows that around 35,230 MW (42%)the total capacity addition from coal units (84,850 MW) are based

on supercritical technology (660MW and above) during the 12th Plan period. It is observed that 36 no. of coal based
units on supercritical technology have been commissioned in prigeter out of the total of 51 no of supercritical

technology based units commissioned durin§ R&n.

Table: 2.7
Supercritical technology based capacity addition
No. Of Units Total % of Total
Unit Size(MW) . Capacity | Coal Based
Central State Private Total (MW) Capacity
800 2 4 4 10 8,000 9.4
700 0 1 2 3 2,100 25
685 0 0 2 1,370 1.6
660 5 3 28 36 23,760 28.0
Sub-total 7 8 36 51| 35230 415
(Supercritical)
Less than 660
(Sub-critical) 23 33 74 130 49,620 58.5
Total 30 41 110 181 84,850 100.00
Exhibit: 2.8
SUPER CRITICAL UNITS DURING 12th PLAN
(SECTOR WISE)
50
45
40
P 35 36
€ 30
2 25
(@)
. 1 28
220 4
15
2
10 2 8
o : A
o A 5
800 700 685 660 TOTAL
Unit Capacity(MW)
m CENTRAL STATE PRIVATE
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2.6 PROJECTS SLIPPING FROM 12" PLAN CAPACITY ADDITION TARGET

Out of targeted capacity addition of 88,537 MW, a capaci®4¢813.8 MW (29% of the targefps slipped from 12
Plan. Sector wise and mode wise details of capacity slipped are shdablén2.8 and Exhibit 2.9.

Table 2.8
Capacity Slipped from capacity target of 88,537 MW during 12th Plan
(Figures in MW)

Sector Hydro Thermal Nuclear Total
Coal Gas/LNG Total

Central 3,420.0 2,980.0 0.0 2,980.0 3,300.0 9,700.0

State 541.0 600.0 37.8 637.8 0.0 1,178.8

Private 1,490.0 12,245.0 0.0 12,245.0 0.0 13,735.0

Total 5,451.0 15,825.0 37.8 15,862.8 3,300.0 24,613.8

*excludes 10 MW downward capacity revision in respect of Hinduja TPP

Exhibit 2.9
(Figures in MW)

CAPACITY SLIPPED FROM 12TH PLAN
(SECTOR WISE)

CENTRAL
9,700
39%
PRIVATE
13,735
56%
STATE
1,179
TOTAL 24,613.8 MW 5%

Statewise list of capacity slipped from 12th Plan is placedmtexure 2.1 List of power projects slipped from 42
Plan capacity addition target is placedhanexure 2.3

2.7 MAJOR REASONS FOR SLIPPAGE OF PROJECTS FROM 12TH PLAN
2.7.1 Hydro Projects

Slow progress of civil works

Poor geology

Unfavorable weather conditions like heavy monsoons, floods, cyclones, slost, etc.
Law and order issues

o I To I
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Funds Constraints

Contractual issues

Environmental issues

Local issues

Resettlement and Rehabilitation issues

2.7.2 Thermal Projects

A

o o o Io PoTolo DoDe Do Do I

™

Problems in acquisition of land for construction of power plant, ash dyke, raw ngatwoir, corridor for
pipelines, Railway siding etc. and Right of Way /Right of Use for raw water pipe line, ash slurry disposal
pipelines and transmission lines etc.

Local agitations including aspects such as R&R issues, labor disputes and law amdalriéens. Further,

ethnic violence in some specific regions has also resulted in long interruptions at work site.

Delay in timely availability of railway transport system and healthiness/load carrying capacity of road transport
system for smooth transpation of equipment and fuel to the plant site.

Change in State policies viz. in respect of sand mining, extraction of ground water etc. during plant construction
period.

Issues in timely availability of startup power at site.

Issues in timely completionf gower evacuation system and capacity of transmission system to evacuate full
power generated at the plant.

Shortage of Natural Gas

Cost overruns on account of delay in timely completion of power projects

Issues in availability of adequate finances frbanks and financial institutions for completion of projects
leading to cost overruns/increased cost of the plant.

Poor performance of main contractor and-sehdors including BoP suendors for various reasons/issues
involved.

Contractual disputes resinlgj in termination of contract and-tendering etc. resulting in project delays and
cost overrun.

Natural calamities and extreme weather conditions including heavy rains, cyclones etc., specifically in coastal
areas.

Non signing of long term PPA with DISIMs and no#fulfillment of PPA conditions by the project developers.

In some cases, even no PPA is available for sale of power from the power plant.

Delay in availability of Consent to Establish, Consent to Operate (CTO) from respective State Governments.

2.8 RENOVATION & MODERNIZATION PROGRAMME

R & M has been recognized as one of the cost effective options for obtaining the additional generation and better outputs
from the existing old power units. R&M of such units is very essential for bringing iroirement in the performance

of the units as well as for system upgradation to comply with the stricter environmental conditions or stipulations in case
of thermal units. However, the Life Extension (LE) of the old power units is carried out with an ektetal their

useful life from 15 to 20 years beyond the original designed economical life.

2.8.1 Thermal

LE/R&M works which were to be taken up during™Rlan are given iTable 2.9. R&M/LE works in respect of 37
nos. thermal units with aggregatapacity of 7,202.26 MW have been completed durinf R&n. Details of the
achievement of R&M and LE projects completed during R&n are shown iffable 2.10.

REVIEW OF CAPACITY ADDITION DURINER YEAR PLAN
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Table 2.9
LE / R&M Programme during 12th Plan (2012- 17)

LE/R&M works identified during 12" Plan No. of Total
Category units & capacity (MW) (State Sector +
Central Sector)
State Sector Central Sector No. of units &
capacity (MW)
LE 38 (6,820) 32 (5,246) 70 (12,066)
R&M 20 (4,150) 45 (13,151) 65 (17,301)
Total 58(10,970) 77 (18,397) 135 (29,367)
Table 2.10
Achievements of R&M and LE Projects during 12th Plan (up to 31 March,2017)
Sl. No. | Patrticulars LE/R&M works completed during Total
12" Plan (State Sector + Central
No. of units & capacity (MW) Sector)
State Sector Central Sector No. of units & capacity
(MW)
1 LE 10(1380) 11(1,261.76) 21(2,641.76)
R&M 5(850) 11(3,710.5) 16(4,560.5)
Total 15(2,230) 22(4,972.26) 37(7,202.26)

Details of Achievements of LE and R&Rrogramme during #2Plan up to 3% March,2017 are placed Annexure
2.4

2.8.2 Hydro

During 12" Plan, a total of 22 hydro R&M schemes (2 in Central Sector and 20 in State Sector) having an installed
capacity of about 7,105.35 MW were expected to be completed at an estimated cost of about 1,353 crores. Details of the
same are given ifable 2.11
Table 2.11
Programme and Achievements of R&M and LE Projects during 12th Plan
(up to 31.03.2017)

No of Hydro LE/R&M works Total No. of
Status Central State Sector schemes | ol Capacity (MW)
Sector
Programme to be
completed during 2 20 22 7.105.35
12" Plan
Completed as on
31.3.2017 2 18 20 4,014.60

2.9 CAPTIVE POWER PLANTS

Large number of captive plants including-generation power plants of varied types and sizes exist in the country,
which are utilized in process industry anehouse power consumption. Number of industries set up their captive plants
to ensure reliable and quality power. Some plants are also installed astanids for operation only during
emergencies when the grid supply is not available. Surplus piwer;, from captive power plants could be fed into
the grid as the Electricity Act, 2003 provides for ftiscriminatory open access.
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The installed capacity of captive power plants (1 MW and above) is &l0q288.67* MWas on 31 March,2017
registerirg a growth of 4.16 % over the year 201&. The total installed captive power plant capacity was 48,279.48
MW on 3%'March,2016.

The energy generation from captive power plants during the yearldas about 168.4 BU registering a growth of
about 3.8%. The generation from captive power plants was 162 BU during 2814

The year wise capacity addition from captive power plants durifigots period is furnished &xhibit 2.10.

Exhibit 2.10
(Figures in MW)
YEAR WISE CAPACITY ADDITION OF CAPTIVE POWER
PLANTS DURING 12TH PLAN
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2.10 CAPACITY ADDITION DURING 12 " PLAN FROM RENEWABLE ENERGY SOURCES

The installed capacity of renewable energy sourcése country at the end of #Plan (200712) was 24,503 MW.
During 11" Plan, a capacity addition of 16,744 MWéas achieved from renewable energy sources.

A capacity addition target of 30,000 MW was set for th& R&n from renewable energy sowsas per the details
shown inTable 2.12

Table 2.12
Capacity addition target for Renewable Energy Sources during 12th Plan
(Figures in MW)

Source Capacity
Solar 10,000
Wind 15,000
Other RES 5,000
Total 30,000

However, the target of installed capacity of RES by 2B2has been revised to 1,75,000 MW.
The installed capacity from renewable energy sources in the country is 57,RA4.28 on 31.03.2017. Source
wise installed capacity of renewable energy sources is shoWabie 2.13andExhibit 2.11.

*Estimated figure
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Table 2.13
Installed capacity of Renewable energy sources as on®3#arch,2017
(Figures in MW)

Source Capacity

Solar 12,288.83

Wind 32,279.77

Bio-Power and waste power 8,295.78

Small Hydro 4,379.86

Total 57,244.24
Exhibit 2.11

(Figures in MW)

RES INSTALLED CAPACITY IN MW AS ON 31st MARCH,2017

Wind Power
32279.77
56%

Bio-Power &
Waste Power

8295.78
/ /" 15%

/ Small Hydro
Power
4379.86

8%

Solar Power
12288.83
Total : 57,244.24 MW 21%

As on 3% March,2017, a capacity addition of 32,740.84 MW from renewable energy sources has been achieved during
12 Plan. The details of capacity added source wise durifidPlzh is given irTable 2.14

Table 2.14
Capacity addition achieved from Renewable Enagy Sources during 12th Plan

as on 3% March,2017
(Figures in MW)

Source Capacity*

Solar 11,347.53
Wind 15,383.17
Bio-Power and waste power 5,040.78
Small Hydro 969.36
Total 32,740.84

Note: As reported by MNRE

2.11 CONCLUSIONS

i In the 12" Plan, the target of capacity addition from conventional sources was 88,537 MW. However, the
capacity addition achieved from conventional sources durifigPl2n period is 99,209.5 MW which is
about 112% of the target.
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1 As envisaged in Electricity Act, 2003, private players have started playing dominant role in capacity
addition in power sector, with 55 % of total capacity addition from conventional saludag 12" Plan.

i There has been considerable slippage in the Hydro and Nuclear capacity addition envisage& Pléme 12
The factors affecting capacity addition in Hydro and Nuclear sectors need to be addressed urgently to arrest
the further declia in the generation mix.

i Capacity addition from supercritical technology based coal power plants have contributed around 42% of
the total capacity addition from coal based plants commissioned duffrigld2
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STATE-WISE SECTOR-WISE CAPACITY COMMISSIONED/ SLIPPED

DURING 12" PLAN AS ON 31.03.2017 (201-27)

Annexure 2.1

Slipped from 12" Plan
TARGET -88,537 MW Total Achievement as on 31.3.2017 (As per the Target of 88,537
MW)
S TOT
No STATE/ UTs CS SS PS AL CS SS PS TOTAL CS SS PS TOTAL
1 DELHI 0 750 0 750 0 750 0 750 0 0 0 0
2 HARYANA 500 0 660 1160 500 0 660 1160 0 0 0 0
HIMACHAL
3 PRADESH 2763 506 314 3583 1963 195 94 2252 800 311 244 1355
JAMMU &
4 KASHMIR 659 450 0 1109 329 450 0 779 330 0 0 330
5 PUNJAB 0 0 3920 3920 0 0 3920 3920 0 0 0 0
6 RAJASTHAN | 1400 1260 270 2930 0 1860 1860 3720 | 1400 0 0 1400
UTTAR
7 PRADESH 1000 1750 1980 4730 1500 1750 3300 6550 0 0 660 660
8 X-IN-EARAKH ) 520 0 505 1025 0 0 780 780 520 0 175 695
9 g:AND'GA' 0 0 0 0 0 0 0 0 0 0 0 0
SUB TOTAL
NORTHERN 6842 4716 7649 | 19207 4292 5005 | 10614 19911 | 3050 311 1079 4440
10 _C;:;'_"_'ATTlSG 660 1500 10680| 12840 660 1500 9115 11275 0 0 4215 4215
11 GUJARAT 1400 1452 1400 4252 0 2578 5383 7961 | 1400 0 0 1400
12 [\_/IIQZ\ARASH 1000 1410 7890 10300 2320 3230 7768 13318 0 0 2130 2130
MADHYA
13 PRADESH 1000 1700 4680 7380 1500 1700 8225 11425 0 0 1060 1060
14 GOA 0 0 0 0 0 0 0 0 0 0 0 0
15 BﬁJMAN & 0 0 0 0 0 0 0 0 0 0 0 0
DADRA &
16 NAGAR 0 0 0 0 0 0 0 0 0 0 0 0
HAVELI
SUB TOTAL
WESTERN 4060 6062 | 24650| 34772 4480 9008 | 30491 43979 | 1400 0 7405 8805
ANDHRA
17 PRADESH 0 2250 6160 8410 0 1650 5940 7590 0 600 2020 2620
18 -I,\-IiLANGA_ 0 360 0 360 0 2070 0 2070 0 90 0 90
19 EQRNATA_ 0 0 0 0 1600 2300 0 3900 0 0 0 0
20 KERALA 0 100 0 100 0 0 0 0 0 100 0 100
21 L’:'\[/l)lllj 4750 1860 660 7270 4250 1860 2700 8810 500 0 660 1160
PUDUCHE
22 RRY 0 0 0 0 0 0 0 0 0 0 0 0
SUB TOTAL
SOUTHERN 4750 4570 6820 | 16140 5850 7880 8640 22370| 500 790 2680 3970
23 BIHAR 4690 0 0 4690 1960 0 0 1960 | 2730 0 0 2730
24 ‘E)HARKHAN_ 1000 0 1080 2080 1000 0 540 1540 0 0 540 540
25 ORISSA 0 0 3960 3960 0 0 3200 3200 0 0 1360 1360
26 SIKKIM 0 0 2066 2066 0 0 1395 1395 0 0 671 671
WEST
27 BENGAL 1492 0 600 2092 1492 1259 600 3351 0 0 0 0
SUB TOTAL
EASTERN 7182 0 7706 | 14888 4452 1259 5735 11446 | 2730 0 2571 5301
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Slipped from 12" Plan
TARGET -88,537 MW Total Achievement as on 31.3.2017 | (As per the Target of 88,537
MW)
S TOT
NoO STATE/UTs | CS SS PS AL Cs SS PS TOTAL CSs SS PS TOTAL
ARUNACHA
28 -L PRADESH 1710 0 0 1710 0 0 0 0| 1710 0 0 1710
29 | ASSAM 750 100 0 850 500 62 0 562 | 250 38 0 288
30 MANIPUR 0 0 0 0 0 0 0 0 0 0 0 0
31 MIZORAM 60 0 0 60 0 0 0 0 60 0 0 60
32 MEGHALYA 0 82 0 82 0 42 0 42 0 40 0 40
33 | NAGALAND 0 0 0 0 0 0 0 0
34 | TRIPURA 828 0 828 879 21 0 900 0
SUB TOTAL
N.EASTERN 3348 182 0 3530 1379 125 0 1504 | 2020 78 0 2098
A &N
35 ISLANDS 0 0 0 0 0 0 0 0 0 0 0 0
36 LSI; SHDWE 0 0 0 0 0 0 0 0 0 0 0 0
26128 15530 | 46825 88537 20453 | 23277 | 55480 99210 | 9700 1179 13735 24614

CS: Central Sector; SS: State Sector; PS: Private Sector
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Annexure 2.2
LIST OF PROJECTS COMMISSIONED DURING 12™ PLAN AS ON 31.03.2017

S| FUEL TARGET/
No. PROJECT NAME TYPE STATE AGENCY CAPACITY ADD:I:ION
CENTRAL SECTOR
1 | Indira Gar\‘]?/hbgpp (hajjar HARYANA NTPC 500 Target
2 Rihand TPHII U5 Coal | UTTAR PRADESH NTPC 500 Target
3 Rihand TPRAII U6 Coal | UTTAR PRADESH NTPC 500 Additional
4 unchahar TPS Siv U-6 Coal | UTTAR PRADESH NTPC 68.67 Target
5 Rampur HEP Ul Hydro H;gi‘ggé‘h SJVNL 68.67 Target
6 Rampur HEP U2 Hydro H;“Fg'ﬁgggh SIVNL 68.67 Target
7 Rampur HEP U3 Hydro HI;hléIQICD:ESAI: SJVNL 68.67 Target
8 Rampur HEP U4 Hydro HI;hléIQICD:ESAI: SJVNL 68.67 Target
9 Rampur HEP U5 Hydro HI;hléIQICD:ESAI: SJVNL 68.67 Target
10 Rampur HEP U6 Hydro HI;hléIQICD:ESAI: SJVNL 200 Target
11 Kol Dam HEP U1l Hydro HFihlélg\[c):ESAh NTPC 200 Target
12 Kol Dam HEP U2 Hydro H;g:ggéh NTPC 200 Target
13 Kol Dam HEP U3 Hydro H;g:g’géh NTPC 200 Target
14 Kol Dam HEP U4 Hydro H;g:g’géh NTPC 77 Target
15 Chameralll HEP U1l Hydro H;g:g’géh NHPC 77 Target
16 Chameralll HEP U2 Hydro H;g:g’géh NHPC 77 Target
17 Chamerall HEP U3 Hydro HFLKIQICD:EQI: NHPC 130 Target
18 Parbati- 11l HEP U1 Hydro HFLKIQICD:EQI: NHPC 130 Target
19 Parbati- 11l HEP U2 Hydro le'\élﬁgggh NHPC 130 Target
20 Parbati- 11l HEP U3 Hydro le'\élﬁggéh NHPC 130 Target
21 Parbati- 11l HEP U4 Hydro le'\élﬁggéh NHPC 60 Target
22 Uri-Il HEP U1 Hydro iﬁ“éﬂﬁlﬁ NHPC 60 Target
23 Uri-Il HEP U2 Hydro fa\émlﬁ NHPC 60 Target
24 Uri-Il HEP U3 Hydro fa\émlﬁ NHPC 60 Target
25 Uri-Il HEP U4 Hydro \Pj(il\gl\Hﬂalﬁ NHPC 15 Target

REVIEW OF CAPACITY ADDITION DURINER YEAR PLAN

217




Central Electricity Authority

National Electricity Plan

S| FUEL TARGET/
' PROJECT NAME STATE AGENCY CAPACITY | ADDITION
No. TYPE AL
. JAMMU &
26 Nimoo Bazgo HEP Ul Hydro KASHMIR NHPC 15 Target
. JAMMU &
27 Nimoo Bazgo HEP U2 Hydro KASHMIR NHPC 15 Target
. JAMMU &
28 Nimoo Bazgo HEP U3 Hydro KASHMIR NHPC 11 Target
JAMMU &
29 Chutak HEP U1 Hydro KASHMIR NHPC 11 Target
JAMMU &
30 Chutak HEP U2 Hydro KASHMIR NHPC 11 Target
JAMMU &
31 Chutak HEP U3 Hydro KASHMIR NHPC 11 Target
JAMMU &
32 Chutak HEP U4 Hydro KASHMIR NHPC 660 Target
33 Sipatl TPP U 3 Coal | CHHATTISGARH NTPC 500 Target
34 Mauda TPRJ1 Coal MAHARASHTRA NTPC 500 Target
35 Mauda TPP U2 Coal | MAHARASHTRA NTPC 660 Additional
36 Mouda STPP RH U-3 Coal MAHARASHTRA NTPC 660 Additional
37 Mouda STPP RPH U4 Coal MAHARASHTRA NTPC 500 Target
Vindhyachal TPP Sk MADHYA
38 U1l Coal PRADESH NTPC 500 Target
Vindhyachal TPP StV MADHYA o
39 U12 Coal PRADESH NTPC 500 Additional
Vindhyachal STPP SY MADHYA
40 U13 Coal PRADESH NTPC 500 Target
NTPC/
41 Vallur (Ennore) TPP U2 Coal TAMIL NADU TNEB JV 500 Target
NTPC/
42 Vallur (Ennore) TPP U3 Coal TAMIL NADU TNEB JV 500 Target
43 Tuticorin TPP JV Ul Coal TAMIL NADU NPTJLV()NLC 500 Target
44 Tuticorin TPP JV U2 Coal TAMIL NADU NPTJLV()NLC 250 Target
45 Neyveli Il TPP U2 Lignite TAMIL NADU NLC 1000 target
46 Kudankulam U 1 N“flea TAMIL NADU NPC 1000 target
47 Kudankulam U 2 N”f'ea TAMIL NADU NPC 800 Additional
48 Kudgi STPP PH , U-1 Coal KARNATAKA NTPC 800 Additional
49 Kudgi STPP PH , U-2 Coal KARNATAKA NTPC 195 Target
50 MuzaﬁarpBrS(Kam') PP Coal BIHAR NTPC JV 195 Target
51 Muzaﬁarpgél(Kam') PP Coal BIHAR NTPC JV 660 Target
52 Barh STPRI Ul Coal BIHAR NTPC 660 Target
53 Barh STPHI U2 Coal BIHAR NTPC 250 Target
54 Nabinagar TPP U1l Coal BIHAR NTPC JV 500 Target
55 Bokaro TPP A Exp Ul Coal JHARKHAND DVvVC 500 Target
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S| FUEL TARGET/
; PROJECT NAME STATE AGENCY CAPACITY ADDITION
No. TYPE AL
56 Koderma TPP U2 Coal JHARKHAND DvC 600 Target
57 Raghunathpur TPP U1 | Coal WEST BENGAL DvVC 600 Target
58 Raghunathpur TPP U2 Coal WEST BENGAL DVvC 33 Target
59 | Teesta LO"L‘SlDam” HEP | Lydro | WEST BENGAL NHPC 33 Target
60 | Teesta LO‘CJDZam”' HEP 1 Lydro | WEST BENGAL NHPC 33 Target
61 | reesta Lovds?am” HEP | Lydro | WEST BENGAL NHPC 33 Target
62 | eestabtow PamiiER | pydro | WEST BENGAL NHPC 40 Target
63 | Teesta Lovl‘jfamv HEP | Hydro | WEST BENGAL NHPC 40 Target
64 | 1eest@ Lomlf)zam'v HEP | Hydro | WEST BENGAL NHPC 40 Target
65 | |eesta LO"L"JE amVHEP | fvdro | WEST BENGAL NHPC 40 Target
66 | 1eesta Lovl‘jfamv HEP | Hydro | WEST BENGAL NHPC 250 Target
67 Bongaigaon TPP Ul Coal ASSAM NTPC 250 Target
68 Bongaigaon TPP U2 Coal ASSAM NTPC 363.3 Target
69 Tripura CCGT Blockl Gas TRIPURA ONGC JV 363.3 Target
70 Tripura CCGT Block2 Gas TRIPURA ONGC JV 65.4 Target
71 Monarchak CCGT GT Gas TRIPURA NEEPCO 35.6 Target
72 Monarchak CCGT Gas TRIPURA NEEPCO 500 Additional
73 Agartala CCPFST-I Gas TRIPURA NEEPCO 255 Additional
74 Agartala CCPP S1 Gas TRIPURA NEEPCO 25.5 Target
SUB TOTAL
(CENTRAL SECTOR) 20,452.6
STATE SECTOR
Pragati-lll (BAWANA)
1 CCGT (GT3) Gas DELHI PPCL 250 Target
Pragati-lll (BAWANA)
2 CCGT (GT4) Gas DELHI PPCL 250 Target
Pragati-lll (BAWANA)
3 CCGT (ST2) Gas DELHI PPCL 250 Target
4 Kalisindh TPP Ul Coal RAJASTHAN RRVUNL 600 Target
5 Chhabra TPP Ext U3 Coal RAJASTHAN RRVUNL 250 Target
6 Chhabra TPP Ext U4 Coal RAJASTHAN RRVUNL 250 Target
7 Ramgarh CCGT (GT) Gas RAJASTHAN RRVUNL 110 Target
8 Ramgarh CCGT (ST) Gas RAJASTHAN RRVUNL 50 Target
9 Kalisindh TPP U2 Coal RAJASTHAN RRVUNL 600 Additional
10 AnparaD TPP Ul Coal | UTTAR PRADESH| UPRVUNL 500 Target
11 AnparaD TPP U2 Coal UTTAR PRADESH| UPRVUNL 500 Target
12 Parichha TPP EXT U5 Coal | UTTAR PRADESH| UPRVUNL 250 Target
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S| FUEL TARGET/
' PROJECT NAME STATE AGENCY CAPACITY | ADDITION
No. TYPE AL
13 Parichha TPP EXT U6 Coal | UTTAR PRADESH| UPRVUNL 250 Target
14 | Harduaganj TPP EXT U9| Coal | UTTAR PRADESH| UPRVUNL 250 Target
HIMACHAL
15 Kashang | HEP Hydro PRADESH HPPCL 65 Target
HIMACHAL
16 Kashang Il HEP Hydro PRADESH HPPCL 65 Target
HIMACHAL
17 Kashang Ill HEP Hydro PRADESH HPPCL 65 Target
J&K State
. JAMMU & Power
18 Bagliharll HEP Ul Hydro KASHMIR Development 150 Target
Corp. Ltd.
J&K State
. JAMMU & Power
19 Bagliharll HEP U2 Hydro KASHMIR Development 150 Target
Corp. Ltd.
J&K State
. JAMMU & Power
20 Bagliharll HEP U3 Hydro KASHMIR Development 150 Target
Corp. Ltd.
21 Korba West St.Ill TPP U5| Coal CHHATTISGARH CSEB 500 Target
22 Marwah TPP Ul Coal CHHATTISGARH CSEB 500 Target
23 Marwah TPP U2 Coal | CHHATTISGARH CSEB 500 Target
24 Sikka TPP Ext. U3 Coal GUJARAT GSECL 250 Target
25 Ukai TPP EXT U6 Coal GUJARAT GSECL 500 Target
26 | Pipavav JV CCGT Blocit Gas GUJARAT GSECL 351 Target
27 | Pipavav JV CCGT Bloci2 Gas GUJARAT GSECL 351 Target
28 Dhuvaran CCPHII Gas GUJARAT GSECL 376.1 Additional
29 | Bhavnagar CFBC TPP,- | Lignite GUJARAT Bgi‘é?ggar 250 Additional
30 | Bhavnagar CFBC TPP,-® | Lignite GUJARAT Bgi‘é?ggar 250 Additional
31 Sikka TPS Extn., t4 Coal GUJARAT GSECL 250 Additional
32 Chandrapur TPP Ext. U8| Coal MAHARASHTRA MANF(;%E' 500 Target
33 Koradi TPP Ext U8 Coal MAHARASHTRA MANI_C|GOE_ 660 Target
34 Parli TPP U3 Coal | MAHARASHTRA MﬁIFC'%E' 250 Target
35 Chandrapur TPS, 9 Coal MAHARASHTRA MSPGCL 500 Additional
36 Koradi TPS Expn., &9 Coal | MAHARASHTRA MSPGCL 660 Additional
37 Koradi TPS Expn., t10 Coal | MAHARASHTRA MSPGCL 660 Additional
MADHYA
38 Satpura TPP EXT U10 Coal PRADESH MPGENCO 250 Target
MADHYA
39 Satpura TPP EXT U11 Coal PRADESH MPGENCO 250 Target
. .. MADHYA
40 Shree Singhaji TPP Ul | Coal PRADESH MPGENCO 600 Target
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S| FUEL TARGET/
' PROJECT NAME STATE AGENCY CAPACITY | ADDITION
No. TYPE AL
. . MADHYA
41 Shree Singhaji TPP U2 | Coal PRADESH MPGENCO 600 Target
Sri Damodaram
42 Sanjeevaiah TPP Coal PA,R\’IESIIEQ?H APGENCO 800 Target
(Krishnapattnam TPP) U1l
Sri Damodaram
43 Sanjeevaiah TPP Coal PA,R\’IESIIEQ?H APGENCO 800 Target
(Krishnapattham TPP) U2
Nagarjuna Sagar TR HEP ANDHRA
44 U1l Hydro PRADESH APGENCO 25 Target
Nagarjuna Sagar TR HER ANDHRA
45 U2 Hydro PRADESH APGENCO 25 Target
46 Mettur TPP EXT Ul Coal TAMIL NADU TNEB 600 Target
47 | North Chennai TPP Ext U] Coal TAMIL NADU TNEB 600 Target
48 | North Chennai TPP Ext U4 Coal TAMIL NADU TNEB 600 Target
49 | Bhawani Blj‘l”age HEPIH \ivdro | TAMIL NADU TNEB 15 Target
5o | Bhawani Blj"z”age HEPIH hydro | TAMIL NADU TNEB 15 Target
5 | Bhawani parrage HEP I Hydro | TAMIL NADU TNEB 15 Target
5p | Bhawani ngage HEPII vdro | TAMIL NADU TNEB 15 Target
53 Lower Jurala HEP U1 Hydro TELANGANA TSGENCO 40 Target
54 Lower Jurala HEP U2 Hydro TELANGANA TSGENCO 40 Target
55 Lower Jurala HEP U3 Hydro TELANGANA TSGENCO 40 Target
56 Lower Jurala HEP U4 Hydro TELANGANA TSGENCO 40 Target
57 Lower Jurala HEP U5 Hydro TELANGANA TSGENCO 40 Target
58 Lower Jurala HEP U6 Hydro TELANGANA TSGENCO 40 Target
59 Pulichintala HEP U1 Hydro TELANGANA TSGENCO 30 Target
60 Kakatiya TPS Extn., k1 Coal TELANGANA TSGENCO 600 Additional
Singareni
61 Singareni TPP, 11 Coal TELANGANA Collieries Co. 600 Additional
Ltd
Singareni
62 Singareni TPP, L2 Coal TELANGANA Collieries Co. 600 Additional
Ltd
63 Bellary TPP Stll, U-3 Coal KARNATAKA KPCL 700 Additional
64 Yermarus TPP, 11 Coal KARNATAKA KPCL 800 Additional
65 Yermarus TPP, k2 Coal KARNATAKA KPCL 800 Additional
66 Durgapur TPFEXt. Coal | WEST BENGAL Durgapur 250 Additional
Projects Ltd
67 Sagardighi TPSI, U-3 Coal WEST BENGAL WBPDCL 500 Additional
68 Sagardighi TPSI, U-4 Coal WEST BENGAL WBPDCL 500 Additional
69 Jaldakha HEP Hydro WEST BENGAL WBSEDCL 9 Additional
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S| FUEL TARGET/
' PROJECT NAME STATE AGENCY CAPACITY | ADDITION
No. TYPE AL
70 Namrup CCGT Gas ASSAM APGCL 62.25 Target
71 | Myntdu SJ,'\I':'TEP ABDL | \ivdro | MEGHALYA MeSEB 42 Target
72 Rokhia GT Gas TRIPURA Govt of 21 Additional
Tripura
SUB TOTAL
(STATE SECTOR) 23,271.35
PRIVATE SECTOR
Mahatma Gandhihajjar China Light
1 TPP U2 Coal HARYANA Power 660 Target
2 Talwandi Sabo TPP U1 | Coal PUNJAB Vedanta 660 Target
3 Talwandi Sabo TPP U2 | Coal PUNJAB Vedanta 660 Target
4 Talwandi Sabo TPP U3 | Coal PUNJAB Vedanta 660 Target
5 Goindwal Sahib TPP U1 | Coal PUNJAB GVK. 270 Target
Industries
6 Goindwal Sahib TPP U2 | Coal PUNJAB GVK. 270 Target
Industries
L&T Power
7 Nabha TPP Ul Coal PUNJAB Development 700 Target
Ltd
L&T Power
8 Nabha TPP U2 Coal PUNJAB Development 700 Target
Ltd
. . _— Raj West
9 Jallipa Kapurdi TPP U5 | Lignite RAJASTHAN Power Ltd 135 Target
. . _— Raj West
10 Jallipa Kapurdi TPP U6 | Lignite RAJASTHAN Power Ltd 135 Target
11 | Jallipa Kapurdi TPP U-B | Lignite |  RAJASTHAN Raj West 270 Additional
Power Ltd
12 Kawai TPP U1 Coal RAJASTHAN Ada”L'tgower 660 Additional
13 Kawai TPP U2 Coal RAJASTHAN Ada”L'tgower 660 Additional
Prayagraj
Power Gen.
14 Bara TPP Ul Coal UTTAR PRADESH Co. Ltd 660 Target
(Jaypee
Group)
Prayagraj
Power Gen.
15 Bara TPP U2 Coal UTTAR PRADESH Co. Ltd 660 Target
(Jaypee
Group)
Lalitpur
. power .
16 Lalitpur TPP, Ul Coal | UTTAR PRADESH . 660 Additional
Generation
Co. Ltd
Lalitpur
. power .
17 Lalitpur TPP, U2 Coal | UTTAR PRADESH . 660 Additional
Generation
Co. Ltd
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S| FUEL TARGET/
' PROJECT NAME STATE AGENCY CAPACITY | ADDITION
No. TYPE AL
Lalitpur
. power .
18 Lalitpur TPP, U3 Coal | UTTAR PRADESH . 660 Additional
Generation
Co. Ltd
LANCO
19 Budhil HEP U1 Hydro HIMACHAL Green Power 35 Target
PRADESH
Pvt Ltd
LANCO
20 Budhil HEP U2 Hydro |  HIMACHAL Green Power 35 Target
PRADESH
Pvt Ltd
. HIMACHAL .,
21 Chanjul HEP U1 Hydro PRADESH IA Energy 12 Additional
. HIMACHAL .,
22 Chanjul HEP U2 Hydro PRADESH IA Energy 12 Additional
23 Srinagar HEP Ul Hydro | UTTARAKHAND AHPCao. Ltd. 82.5 Target
24 Srinagar HEP U2 Hydro | UTTARAKHAND AHPCo. Ltd. 82.5 Target
25 Srinagar HEP U3 Hydro | UTTARAKHAND AHPCao. Ltd. 82.5 Target
26 Srinagar HEP U4 Hydro | UTTARAKHAND AHPCo. Ltd. 82.5 Target
M/S GAMA
27 Gama CCPP,bloek Gas UTTARAKHAND INFRAPROP 225 Additional
PVT. LTD.
28 | Kashipur CCPP Block | Gas | UTTARAKHAND Sravanthi 225 Additional
Energy Pvt.
KorbaWest
29 | Avantha Bhandar TPP Ul Coal CHHATTISGARH Power 600 Target
Company Ltd.
. Maruti Clean
30 Maruti Clean Coal & Powe Coal | CHHATTISGARH | Coal & Power 300 Target
Ltd.TPP Ul Ltd
R.K.M.
31 Uchpinda TPP U1l Coal | CHHATTISGARH | PowerGen Pvi 360 Target
Ltd
R.K.M.
32 Uchpinda TPP U2 Coal | CHHATTISGARH | PowerGen Pvi 360 Target
Ltd
KSK
Mahanadi
33 | Akaltara (Nariyara) TPP U] Coal | CHHATTISGARH Power 600 Target
Company
Limited
KSK
Mahanadi
34 | Akaltara (Nariyara) TPP U7 Coal CHHATTISGARH Power 600 Target
Company
Limited
35 Kasaipalli TPP U 2 Coal | CHHATTISGARH ACB India 135 Target
36 Swastik Korba TPP U1l Coal | CHHATTISGARH ACB India 25 Target
37 | Vandana Vidyut TPP U1| Coal | CHHATTISGARH V\f‘iggit”a 135 Target
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. FUEL TARGET/
' PROJECT NAME STATE AGENCY | CAPACITY | ADDITION
No. TYPE AL
Bharat
38 Balco TPP Ul Coal | CHHATTISGARH Aluminium 300 Target
Co. Ltd
Bharat
39 Balco TPP U2 Coal | CHHATTISGARH Aluminium 300 Target
Co. Ltd
40 | Baradhra (%f Powen) TPR - coal | CHHATTISGARH DBLFt’gwer 600 Target
41 | Baradhra (%E Powen) TPH - oal | CHHATTISGARH DBLFt’gwer 600 Target
42 NeWparTaP(; Ffj'\i ENergy) | coal | CHHATTISGARH | TRN Energy 300 Target
43 Ratija TPP Coal | CHHATTISGARH | ACB India 50 Target
44 Tamnar TPP U1 Coal | CHHATTISGARH J'”di'tgower 600 Target
45 Tamnar TPP U2 Coal | CHHATTISGARH J'”di'tgower 600 Target
46 Chakabura TPP Coal | CHHATTISGARH Acfté”d'a 30 Additional
47 Tamnar TPP U3 Coal | CHHATTISGARH J'”di'tg)ower 600 Additional
48 Raikheda TPP U1 Coal | CHHATTISGARH GMR 685 Additional
49 Tamnar TPP U4 Coal | CHHATTISGARH J'”di'to'rower 600 Additional
50 Raikheda TPP, 2 Coal | CHHATTISGARH GMR 685 Additional
Spectrum
51 Ratija TPP U2 Coal | CHHATTISGARH | Coal & Power 50 Additional
Ltd.
52 Mundra UMPP, U 2 Coal GUJARAT Tata Power 800 Target
Company Ltd
53 Salaya TPP U 2 Coal GUJARAT Essar Power 600 Target
Salaya Ltd
54 | Mundra UMPP U3,4,5 | Coal GUJARAT Tata Power 2400 Additional
Company Ltd
55 Uno Sugen CCGT Gas GUJARAT Torrent Power| 3825 Additional
56 DGEN Mega1CCPP Modul Gas GUJARAT Torrent Power 400 Additional
57 | DOEN Mega cCPP Modulf GUJARAT | Torrent Powerl 400 Additional
58 DGEN Mega3CCPP Modulg Gas GUJARAT Torrent Power 400 Additional
. . India Bulls
59 | India Bulls Amravati TPP | - oo | \AHARASHTRA Power 270 Target
Phl, U1 oL
Limited
. . India Bulls
go | 'ndia Bulls Amravati TPP | oo |\ AHARASHTRA Power 270 Target
Phl, U2 oL
Limited
. . India Bulls
g1 | ndiaBulls- Amravati TPP | 0o |\ AHARASHTRA Power 270 Target
P, U3 Limited

REVIEW OF CAPACITY ADDITION DURINER YEAR PLAN

224




Central Electricity Authority

National Electricity Plan

. FUEL TARGET/
' PROJECT NAME STATE AGENCY | CAPACITY | ADDITION
No. TYPE AL
. . India Bulls
g2 | 'ndia Bulls Amravati TPP | - oo | \AHARASHTRA Power 270 Target
Phl, U4 Oy
Limited
. . India Bulls
63 | 'ndia Bulls Amravati TPP | oo |\ AHARASHTRA Power 270 Target
Phl, U5 Oy
Limited
. . India Bulls
64 | India Bu”sl' 't‘Jals'k TPPPAI coal | MAHARASHTRA Realtech 270 Target
' Limited
. . India Bulls
g5 | India B””SI' ’:'J%S'k TPPPRI coal | MAHARASHTRA Realtech 270 Target
' Limited
Dhariwal Infrastructure (P) Dhariwal
66 Coal MAHARASHTRA | Infrastructure 300 Target
Ltd TPP U1
(P) LTD
. Dhariwal
g7 | Dhariwal Infrastructure (P) oo | \AHARASHTRA | Infrastructure 300 Target
Ltd TPP U2
(P) LTD
68 | EMCOWaroraTPP U1 | Coal | MAHARASHTRA | GMREMCO 300 Target
Energy Ltd
69 | EMCO WaroraTPP U2 | Coal | MAHARASHTRA | GMREMCO 300 Target
Energy Ltd
Vidarbha
70 Butibori TPP Phll U 1 Coal MAHARASHTRA Industries 300 Target
Power Ltd
71 Tiroda TPP PH U1 Coal | MAHARASHTRA Adarl‘_'tgower 660 Target
72 Tiroda TPP PH U2 Coal | MAHARASHTRA Adarl‘_'tgower 660 Target
73 Tiroda TPP PHI Ul Coal | MAHARASHTRA Adarl‘_'tgower 660 Target
74 GEPL TPP U1 Coal | MAHARASHTRA Gugt\ft E&ergy 60 Target
75 GEPL TPP U2 Coal | MAHARASHTRA Gugt\ft E&ergy 60 Target
76 Bela TPP U 1 Coal | MAHARASHTRA | !deal Energy 270 Target
Projects Ltd
77 Tiroda TPP PHI U2 Coal | MAHARASHTRA AdaTtgower 660 Additional
Vidarbha
78 Butibori TPP Phll U2 Coal MAHARASHTRA Industries 300 Additional
Power Ltd
79 | Tiroda TPP PHI U3 Coal | MAHARASHTRA AdaTtgower 660 Additional
80 Mangaon CCPP Gas MAHARASHTRA PGPL 388 Additional
MB Power
81 Annupur TPP Ph U1 Coal MADHYA (Madhya 600 Target
PRADESH
Pradesh) Ltd.
MB Power
MADHYA
82 Annupur TPP Ph U2 Coal PRADESH (Madhya 600 Target

Pradesh) Ltd.
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S| FUEL TARGET/
' PROJECT NAME STATE AGENCY CAPACITY | ADDITION
No. TYPE AL
Bina Power
. MADHYA Supply Comp.
83 Bina TPP Ul Coal PRADESH Ltd (Jaypee 250 Target
Group)
Bina Power
. MADHYA Supply Comp.
84 Bina TPP U2 Coal PRADESH Ltd (Jaypee 250 Target
Group)
MADHYA Reliance
85 Sasan UMPP Ul Coal PRADESH Power Ltd. 660 Target
MADHYA Reliance
86 Sasan UMPP U2 Coal PRADESH Power Ltd. 660 Target
L MADHYA Jhabua Powe
87 Seioni (Jhabua) TPP Ul| Coal PRADESH Ltd 600 Target
MADHYA .,
88 Mahan TPP Ul Coal PRADESH Essar Power 600 Additional
L MADHYA M/s BLA Pvt .
89 Niwari TPP U1l Coal PRADESH Ltd 45 Additional
MADHYA Reliance .
90 SasarUMPP U4 Coal PRADESH Power Ltd. 660 Additional
MADHYA Reliance .
91 Sasan UMPP U3 Coal PRADESH Power Ltd. 660 Additional
MADHYA Reliance .
92 Sasan UMPP U5 Coal PRADESH Power Ltd. 660 Additional
_ MADHYA JP Power -
93 Nigri TPP Ul Coal PRADESH Ventures Ltd. 660 Additional
L MADHYA JP Power o
94 Nigri TPP U2 Coal PRADESH Ventures Ltd. 660 Additional
MADHYA Reliance o
95 Sasan UMPP U6 Coal PRADESH Power Ltd. 660 Additional
Nagarjuna Construction ANDHRA :
96 | Company Ltd PH U1 Coal PRADESH Nagarjuna 660 Target
Nagarjuna Construction ANDHRA Construction
97 Company Ltd PH U2 Coal PRADESH Company Ltd 660 Target
Thermal
Powertech
98 Painampuram TPP Ul Coal ANDHRA Corporation 660 Target
PRADESH Ltd
Thermal
. ANDHRA Powertech
99 Painampuram TPP U2 Coal PRADESH Corporation 660 Target
Ltd.
Meenakshi
100 | Thamminapatnam TPP U] Coal ANDHRA Energy Pvt. 150 Target
PRADESH Ltd
Meenakshi
101 | Thamminapatnam TPP U7 Coal ANDHRA Energy Pvt. 150 Target
PRADESH Ltd
Simhapuri
102 | Simhapuri TPP P U 2 Coal ANDHRA Energy Pvt. 150 Target
PRADESH Ltd
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' PROJECT NAME STATE AGENCY CAPACITY | ADDITION
No. TYPE AL
o ANDHRA N
103 Hinduja TPP, Ul Coal PRADESH Hinduja 520 Target
o ANDHRA N
104 Hinduja TPP, U2 Coal PRADESH Hinduja 520 Target
Simhapuri
105| Simhapuri TPP Ph, Ul Coal ANDHRA Energy Pvt. 150 Additional
PRADESH Ltd
Simhapuri
106 | Simhapuri TPP Ph, U2 Coal ANDHRA Energy Pvt. 150 Additional
PRADESH Ltd
. ANDHRA .
107 | Kondapalli CCGT St A Gas PRADESH Lanco 371 Additional
. ANDHRA .
108 | Kondapalli CCGT St B Gas PRADESH Lanco 371 Additional
GMR
109 | Vemagiri CCPRI Block-I Gas ANDHRA Rajahmundry 384 Additional
PRADESH
energy Ltd
GMR
110| Vemagiri CCPRI Block-II Gas ANDHRA Rajahmundry 384 Additional
PRADESH
energy Ltd
111 Ind Barath (Tuticorin) TPP Coal TAMIL NADU Ind. Barath 150 Additional
Ul Power Ltd.
112 Ind Barath (Tuticorin) TPP Coal TAMIL NADU Ind. Barath 150 Additional
uz2 Power Ltd.
113 | Mutiara (Melamurthun) TPR - o0 | TAMiL NADU Coastal 600 Additional
Ul Energaen
Coastal .
114 | Melamaruthur TPP, 2 Coal TAMIL NADU 600 Additional
Energen
ITPCL TPP U1 IL&FS .
115 (Cuddalore) Coal TAMIL NADU Power Ltd 600 Additional
ITPCL TPP U2 IL&FS .
116 (Cuddalore) Coal TAMIL NADU Power Ltd 600 Additional
117 | Jorethang Loop HEP U1 | Hydro SIKKIM DAII\I_tSd PVt 48 Target
118 | Jorethang Loop HEP U2 | Hydro SIKKIM DAII\I_% PVt 48 Target
Gati
119 Chujachen HEP U1 Hydro SIKKIM Infrastructure 49.5 Target
Ltd.
Gati
120 Chujachen HEP U2 Hydro SIKKIM Infrastructure 49.5 Target
Ltd.
121 Teestalll HEP U1 Hydro SIKKIM Teefttj Urja 200 Target
122 Teestalll HEP U2 Hydro SIKKIM Teefttg Urja 200 Target
123|  Teestalll HEP U3 Hydro SIKKIM Teesa Una 200 Target
124 Teestalll HEP U4 Hydro SIKKIM Teefttj Urja 200 Target
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S| FUEL TARGET/
' PROJECT NAME STATE AGENCY CAPACITY | ADDITION
No. TYPE AL
125 Teestalll HEP U5 Hydro SIKKIM Teefttg Urja 200 Target
126 Teestalll HEP U6 Hydro SIKKIM Teefttg Urja 200 Target
Adhunik
. Power &
Adhunik Power & Natural
127 Resources Ltd TPP U1 Coal JHARKHAND Natural 270 Target
Resources
Ltd.
Adhunik
. Power &
Adhunik Power & Natural
128 Resources Ltd TPP U2 Coal JHARKHAND Natural 270 Target
Resources
Ltd.
Jindal India
129 Derang TPP Ul Coal ORISSA Thermal 600 Target
Power Ltd
Ind. Barath
Utkal (Ind Barath Energy
130 Pvt. Ltd.) TPP U1 Coal ORISSA powcirtcgUtkal) 350 Target
131 Kamalanga TPP Ul Coal ORISSA GMR Energy 350 Target
132 Kamalanga TPP U2 Coal ORISSA GMR Energy 350 Target
133 Kamalanga TPP U3 Coal ORISSA GMR Energy 350 Target
134 Sterlite TPP U4 Coal ORISSA Sterlite 600 Target
Energy
Jindal India
135 Derang TPP U2 Coal ORISSA Thermal 600 Additional
Power Ltd
136 Haldia TPP U1 Coal WEST BENGAL CESC 300 Target
137 Haldia TPP U2 Coal WEST BENGAL CESC 300 Target
SUB TOTAL
(PRIVATE SECTOR) 55,479.5
TOTAL 12TH PLAN 99,209.45
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Annexure 2.3
LIST OF PROJECTS SLIPPED FROM 12™ PLAN CAPACITY ADDITION TARGET AS ON 31.03.2017
(All figures in MW)

PLANT NAME .T.%EE STATE AGENCY CAPACITY
CENTRAL SECTOR
RAPPU 7 &8 Nuclear RAJASTHAN NPC 1400
. HIMACHAL
Parbatill HEP Ul Hydro PRADESH NHPC 200
. HIMACHAL
Parbatill HEP U2 Hydro PRADESH NHPC 200
. HIMACHAL
Parbatill HEP U3 Hydro PRADESH NHPC 200
. HIMACHAL
5 Parbatill HEP U4 Hydro PRADESH NHPC 200
6 Kishan Ganga HEP U1 Hydro JAMMU & KASHMIR NHPC 110
7 Kishan Ganga HEP U2 Hydro JAMMU & KASHMIR NHPC 110
8 Kishan Ganga HEP U3 Hydro JAMMU & KASHMIR NHPC 110
9 Tapovan Vishnugad HEP U] Hydro UTTARAKHAND NTPC 130
10 | Tapovan Vishnugad HEP UZ Hydro UTTARAKHAND NTPC 130
11 | Tapovan Vishnugad HEP U: Hydro UTTARAKHAND NTPC 130
12 | Tapovan Vishnugad HEB4 Hydro UTTARAKHAND NTPC 130
13 KAPP U-3,4 Nuclear GUJARAT NPC 1400
14 PFBR (Kalpakkam) Nuclear TAMIL NADU NPC 500
15 Barh STPH Ul Coal BIHAR NTPC 660
16 Barh STPH U2 Coal BIHAR NTPC 660
17 Barh STPH U3 Coal BIHAR NTPC 660
18 Nabinagar TPP U2 Coal BIHAR NTPC JV 250
19 Nabinagar TPP U3 Coal BIHAR NTPC JV 250
20 Nabinagar TPP U4 Coal BIHAR NTPC JV 250
21 Bongaigaon TPP U3 Coal ASSAM NTPC 250
ARUNACHAL
22 Pare HEP U1l Hydro PRADESH NEEPCO 55
ARUNACHAL
23 Pare HEP U2 Hydro PRADESH NEEPCO 55
ARUNACHAL
24 Kameng HEP U1l Hydro PRADESH NEEPCO 150
ARUNACHAL
25 Kameng HEP U2 Hydro PRADESH NEEPCO 150
ARUNACHAL
26 Kameng HEP U3 Hydro PRADESH NEEPCO 150
ARUNACHAL
27 Kameng HEP U4 Hydro PRADESH NEEPCO 150
o ARUNACHAL
28 Subansiri Lower HEP U1 Hydro PRADESH NHPC 250
L ARUNACHAL
29 Subansiri Lower HEP U2 Hydro PRADESH NHPC 250
L ARUNACHAL
30 Subansiri Lower HEP U3 Hydro PRADESH NHPC 250
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Sl

FUEL

No. PLANT NAME TYPE STATE AGENCY CAPACITY
L ARUNACHAL
31 Subansiri Lower HEP U4 Hydro PRADESH NHPC 250
32 Tuirial HEP U1 Hydro MIZORAM NEEPCO 30
33 Tuirial HEPU2 Hydro MIZORAM NEEPCO 30
SUB TOTAL
(CENTRAL SECTOR) 9700
STATE SECTOR
HIMACHAL
1 Uhl-Ill HEP U1 Hydro PRADESH BVPC 33.34
HIMACHAL
2 Uhl-Ill HEP U2 Hydro PRADESH BVPC 33.34
HIMACHAL
3 Uhl-Ill HEP U3 Hydro PRADESH BVPC 33.34
HIMACHAL
4 SawaraKuddu HEP Hydro PRADESH HPPCL 111
- HIMACHAL
5 Sainj HEP U1 Hydro PRADESH HPPCL 50
- HIMACHAL
6 Sainj HEP U2 Hydro PRADESH HPPCL 50
7 Rayal seema TPP U6 Coal ANDHRA PRADESH APGENCO 600
8 Thottiar HEP U1 Hydro KERALA KSEB 30
9 Thottiar HEP U2 Hydro KERALA KSEB 10
10 Pallivasal HEP U1 Hydro KERALA KSEB 30
11 Pallivasal HEP U2 Hydro KERALA KSEB 30
12 Pulichintala HEP U2 Hydro TELANGANA TSGENCO 30
13 Pulichintala HEP U3 Hydro TELANGANA TSGENCO 30
14 Pulichintala HEP U4 Hydro TELANGANA TSGENCO 30
15 Namrup CCGT Gas ASSAM APGCL 37.75
16 New Umtru HEP U1 Hydro MEGHALYA MeECL 20
17 New Umtru HEP U2 Hydro MEGHALYA MeECL 20
SUB TOTAL(STATE
SECTOR) 1178.75
PRIVATE SECTOR
Prayagraj Powe
1 Bara TPP U3 Coal UTTAR PRADESH Gen. Co. Ltd 660
(Jaypee Group)
N S L Tidong
2 Tidong!| HEP U1 Hydro HIMACHAL Power 50
PRADESH :
Generation Ltd
N S L Tidong
3 Tidong| HEP U2 Hydro HIMACHAL Power 50
PRADESH :
Generation Ltd
Himachal
4 Sorang HEP U1 Hydro HIMACHAL Sorang Power 50
PRADESH PVt Ltd
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FUEL

No. PLANT NAME TYPE STATE AGENCY CAPACITY
Himachal
5 Sorang HEP U2 Hydro HIMACHAL Sorang Power 50
PRADESH
Pvt. Ltd
Tangnu Romai
6 Tangnu Romal HEP U1l Hydro HIMACHAL Power 22
PRADESH .
Generation Ltd
Tangnu Romai
7 Tangnu Romal HEP U2 Hydro HIMACHAL Power 22
PRADESH .
Generation Ltd
L&T
8 | Singoli Bhatwari HEP UL |  Hydro UTTARAKHAND Uttaranchal 33
Hydro Power
Ltd
L&T
9 | Singoli Bhatwari HEP U2 Hydro UTTARAKHAND Uttaranchal 33
Hydro Power
Ltd
L&T
10 | Singoli Bhatwari HEP U3 |  Hydro UTTARAKHAND Uttaranchal 33
Hydro Power
Ltd
11 Phata Byung HEP U1 Hydro UTTARAKHAND Lag‘\f Et”dergy 38
12 Phata Byung HEP U2 Hydro UTTARAKHAND Lag‘\f Et”dergy 38
LANCO
13 Lanco Amarkantak TPP U3 Coal CHHATTISGARH Amarkantak Pvt 660
Ltd
LANCO
14 Lanco Amarkantak TPP U4 Coal CHHATTISGARH Amarkantak Pvt 660
Ltd
R.K.M.
15 Uchpinda TPP U3 Coal CHHATTISGARH PowerGen Pvt 360
Ltd
16 Vinjkote (Darrampura) TPP Coal CHHATTISGARH SKS Ispat and 300
Ul Power Ltd.
17 Vinjkote (Darrampura) TPP Coal CHHATTISGARH SKS Ispat and 300
uz2 Power Ltd.
18 Vinjkote (Darrampura) TPP Coal CHHATTISGARH SKS Ispat and 300
U3 Power Ltd.
KSK Mahanadi
19 | Akaltara (Nariyara) TPP U3 Coal CHHATTISGARH Power Company 600
Limited
20 Vandana Vidyut TPP U2 Coal CHHATTISGARH Vandana Vidyut 135
Athena
21 Athena Singhtarai TPP Ul Coal CHHATTISGARH Chhattisgarh 600
Power Ltd.
2o | Newpara (TSQ Energy) TPR coal CHHATTISGARH TRN Energy 300
. . India Bulls
o3 | India Bulls- 'dgs'k TPP PH, Coal MAHARASHTRA Realtech 270
Limited
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FUEL

No. PLANT NAME TYPE STATE AGENCY CAPACITY
. . India Bulls
24 | India Bulls- 'L\'st'kTPP PHI, Coal MAHARASHTRA Realtech 270
Limited
. . India Bulls
g5 | India Bulls- ﬁgs'k TPP PA, Coal MAHARASHTRA Realtech 270
Limited
Lanco Mahanadi, Vidarbha Lanco Mahanad
26 TPP U1 Coal MAHARASHTRA Power Pvt Ltd 660
Lanco Mahanadiidarbha Lanco Mahanad
27 TPP U2 Coal MAHARASHTRA Power Pvt Ltd 660
DB Power
28 D B Power TPP, Sidhi 41 Coal MADHYA PRADESH (Madhya 660
Pradesh) Ltd
29 Maheshwar HEP U1 Hydro MADHYA PRADESH SMHPCL 40
30 Maheshwar HEP U2 Hydro MADHYA PRADESH SMHPCL 40
31 Maheshwar HEP U3 Hydro MADHYA PRADESH SMHPCL 40
32 Maheshwar HEP U4 Hydro MADHYA PRADESH SMHPCL 40
33 Maheshwar HEP U5 Hydro MADHYA PRADESH SMHPCL 40
34 Maheshwar HEP U6 Hydro MADHYA PRADESH SMHPCL 40
35 Maheshwar HEP U7 Hydro MADHYA PRADESH SMHPCL 40
36 Maheshwar HEP U8 Hydro MADHYA PRADESH SMHPCL 40
37 Maheshwar HEP U9 Hydro MADHYA PRADESH SMHPCL 40
38 Maheshwar HEP U10 Hydro MADHYA PRADESH SMHPCL 40
Meenakshi
39 Thamminapatnam TPP U3 Coal ANDHRA PRADESH Energy Pvt. 350
Ltd.,
Meenakshi
40 ThamminapatnarmPP U4 Coal ANDHRA PRADESH Energy Pvt. 350
Ltd.,
41 Bhavanapaddu TPP U1 Coal ANDHRA PRADESH ng]tefgofﬁ 660
42 Bhavanapaddu TPP U2 Coal ANDHRA PRADESH ng]tefgofﬁ 660
Ind Barath
43 Ind Barath TPP Ul Coal TAMIL NADU Power (Madras) 660
Ltd
Gati
44 Bhasmey HEP U1l Hydro SIKKIM Infrastructure 17
Ltd.
Gati
45 Bhasmey HEP U2 Hydro SIKKIM Infrastructure 17
Ltd.
Gati
46 Bhasmey HEP U3 Hydro SIKKIM Infrastructure 17
Ltd.
. Jal Power Corp.
47 RangitlV HEP U1l Hydro SIKKIM Ltd 40
48 RangitlV HEP U2 Hydro SIKKIM Jal P"L‘;Zjer Corp. 40
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No. | PLANT NAME TVPE STATE AGENCY CAPACITY
49 RangitlV HEP U3 Hydro SIKKIM Jal P‘i‘;ger Corp. 40
Lanco Energy
50 Teestavl HEP U1 Hydro SIKKIM oot Lt 125
Lanco Energy
51 Teestavl HEP U2 Hydro SIKKIM oot Lt 125
Lanco Energy
52 Teestavl HEP U3 Hydro SIKKIM oot Lt 125
Lanco Energy
53 Teestavl HEP U4 Hydro SIKKIM oot Lt 125
54 | Mata Shri Usha TPP PHU1 Coal JHARKHAND Corporate 270
Power Ltd.
55 | Mata Shri Usha TPP PHU2 Coal JHARKHAND Corporate 270
Power Ltd.
Ind. Barath
56 Utkal (Ind Barath Energy Pvt Coal ORISSA power (Utkal) 350
Ltd.) TPP U2 L
57 Lanco Babandh Dhenkanal Coal ORISSA Lanco Babandh 660
TPP U1
58 | K.V.K. Nilanchal TPP U1 Coal ORISSA K.V.K. Nilachal 350
Power Pvt. Ltd.
SUB TOTAL(STATE
SECTOR) 13735
TOTAL(12TH PLAN) 24613.75
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DETAILS OF ACHIEVEMENTS OF LE AND R&M PROGRAMME DURING 12

Annexure 2.4
TH PLAN UP TO 31.03.2017

YEAR Name of the | Unit No. Capacity Utility Sector Date of
TPS (MW) Achievement
1. 20122013
LE Bathinda 3 110 PSPCL State 05.08.2012
Kawas GT-1A 106 NTPC Central | 21.01.2013
DPL 6 110 DPL State 07.05.2012
Patratu 10 110 NTPC State 24.05.2012
R&M Anpar af 1to3 3x210 UPRVUNL | State 21.03.2013
Tanda 2 110 NTPC Centre 15.09.2012
Sub Total 8 (units) 1176
2.20132014
Parichha 2 110 State 05.05.2013
Muzafarpur 1 110 State 05.07.2013
LE Kawas GT-1B 106 NTPC Central | 28.08. 2013
Gandhar GTi 3 131 NTPC Central | 29.09.2013
Kawas GT-2B 106 NTPC Central | 31.03.2014
R&M Kathalguri GT-3 33.5 NEEPCO | Central | 31.03.2014
Kathalguri GT-4 33.5 NEEPCO Central | 31.03.2014
Kathalguri GT-5 33.5 NEEPCO | Central | 31.03.2014
Sub Total 8(units) 663.5
3. 20142015
Bathinda 4 110 PSPCL State 10.07.2014
Muzafarpur 2 110 BSPGCL State 30.09.2014
Auraiya GT-1 111.19 NTPC Central | 22.06. 2014
Gandhar GT-1 131 NTPC Central | 06.07.2014
LE Kawas GT-2A 106 NTPC Central | 22.08.2014
Auraiya GT-2 111.19 NTPC Central | 28.10.2014
Auraiya GT-3 111.19 NTPC Central | 25.12.2014
Auraiya GT-4 111.19 NTPC Central | 02.03.2015
R&M NIL - - - - -
Sub Total 8 (units) 901.76
4. 20152016
Harduagan] 7 110 UPRVUNL | State 01.05.2015
LE Bandel 5 210 WBPDCL | State 21.09.2015
Gandhar GT-2 131 NTPC Central 15.04.2015
Simhadri 1 500 NTPC Central | 31.03.2016
R&M
Simhadri 2 500 NTPC Central | 31.03.2016
Sub Total 5 (units) 1451
5. 201617
LE Obra 10 200 UPRVUNL | State 08.04.2016
Barauni 7 110 BSPGCL State 03.08.2016
Obra 11 200 UPRVUNL | State 31.12.2016
R&M Ramagundam| 4 500 NTPC Central | March 2017
Ramagundam| 5 500 NTPC Central | March 2017
Ramagundam| 6 500 NTPC Central | March 2017
Rihand STPS | 1 500 NTPC Central March 2017
Rihand STPS | 2 500 NTPC Central March 2017
Sub Total 8(units) 3010
Grand Total 37 (units) | 7202.26
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Summary
Scheme No. of units Central State
(Capacity in MW)
21 11 10
Total LE (2641.76) (1261.76) (1380)
16 11 05
Total R&M (4560.50) (3710.5) (850)
Grand Total 37 22 15
(7202.26) (4972.26) (2230)
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CHAPTER 3
DEMAND SIDE MANAGEMENT, ENERGY EFFICIENCY & CONSERVATION
3.0 BACKGROUND

DemandSide Management (DSM) is applied to energy efficiency measuresvthidd modify or reduce end s er 6 s
energy demand. It is basically the selection, planning, and implementation of measures intended to have aninfluence
the demand either caused di r ecDSMyhasdeen traditbrialiyegideredysaby t he
means of reducing peak electricity demalndhe short term, DSM program facilitates reduction in energy cost as well

as the need for adding new distribution networks, thereby enhancing reliability for utilities and in the long term, can
help to limit the need for utilities to build new power plants, and transmission lines. As a customer strategy, DSM
programs encourage the installation and use ofusedtechnologiethat consuméess energy, thereby reducing the
cust omer s 6 cbil EnergyEfficiert teehioologies also have higher efficiency operating characteristics, they
tend to last longer and thus reducing the operation and maintenance cost. This is especially true for programs that
encourage the use of high efficiency hegticooling, and ventilation equipment (HVAC), energy efficient lighting, fans

and motors. For some utilities, DSM programs can help them reduce their peak/costly power purchases from the
wholesale market thereby lowering their overall cost of operatideduced or shifted energy usage can directly
translate into less air pollution, less carbon emissions, and thereby reducing the potential environmental threats
associated with global warming.

3.1 ENERGY CONSERVATION ACT AND FORMATION OF BUREAU OF ENERGY E FFICIENCY

Considering vast energy saving potential and in order to bring a movement in energy conservation and energy efficiency
in different enduses in the country, the Government of India enacted the Energy Conservation (EC)Act, 2001 for
providing sustinable and more efficient management of our energy resources. The Aéhtmaforece in March, 2002.

The broad objectivesf E CAct, 2001 are:

a) Promote faster adoption of energy efficiency and conservation through regulation, participatostafigctive
measures
b) Involve States and other stakeholders in the energy efficiency initiatives

c) Create a sustainable environment for demand of energy efficient products, technologies and professionals

It is universally acknowledged that the business case for Energy Efficiency is compelling, good return on investment,
reduction of input cost, delinking economic growth and energy dependency. It also yields signifibanefits,

which include economicrgwth and job creation. Despite such apparently straightforward advantages, the rate of
adoption of Energy Efficiency (EE) historically lagged behind the opportunities. To address the adoption bottleneck
through regulatory and promotional activities, Bured Energy Efficiency(BEE) was created in 2002 with the
missiontoiassi st in devel oping pol i edgdatonand charkettprinaigles, giithie s wi t t
the overall framework of the E C Act, 2001 with the primary objective of irglenergy intensity of the Indian
economyo

3.2. ASSESSMENT OF ENERGY EFFICENCY MEASURES AND ACHIEVEMENTS TILL 12 ™ PLAN.

I ndi aébs energy intensity in 2001 was 0.175 kgoe/ (kg
This is equivalent to a saving of about 258 mtoe (Million tonnes of oil equivalent) of Total Primary Energy Supply
(TPES) during this peod based on a ye#n-year basis estimation. The ydaryear energy saving (in TPES term) has
seen an increasing trend during 2001 to 2013 which have been mainly due to couple of factors i.e.

1  Energy Efficiency initiatives

1 Structural shift in economicctivities, product & energy mix etc.
In 2010, BEE under the aegis of Ministry of Power, was also entrusted with the task of implementing the National
Mission for Enhanced Energy Efficiency (NMEEE). The various Energy Efficiency initiatives taken byrBlEEthe
four major intervention areas are givenTiable 3.1.

DEMAND SIDE MANAGEMENT
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Table 3.1
Energy Efficiency Initiatives by BEE

fMandatory Standards an
Labelling (S&L) for selective
appliances and equipment

1 Energy Conservation Buildini
Code (ECBC)

1 Energy usage norms for larg
industries through Perfon
AchieveTrade (PAT) scheme

1 Certification of Energy|
Efficiency professionals
(Energy Auditors and Energ
Managers)

9 Fuel efficiency norms fol
passenger cars

9 Mandatory Energy Audit o]
large ndustries

1 State level
(appliances,
industry sector)

regulation
buildings &

9 Promotion of energy efficiency in Agriculture and Municipality sectors
reduce peak demand: Identification of options in AgDSM, MuDSM
SME programs

1 Formulate and Promote EBa&new technologies: CFL, LED, Waste He
Recovery, Trgeneration etc.

I Promote and facilitate usage of energy efficient appliances: P
Procurement

9 Market transformation of large industries in adopting EE technolo
Energy Saving certificates inAF scheme

9 Capacity Building of DISCOMs for implementation of DSM measures

i Create awareness and disseminate information on energy efficienc
conservation: Consumer awareness program

9 Promote use of CFLs through innovative financing i.e. Bachat Lamp &
through CDM route

9 Promote use of LEDs through innovative financing i.e. Domestic Effig
Lighting Program

1 Promote SupekEfficient Appliance Deployment (SEAD) in colour TVs |
international recognition: SEAD program under Clean Energy Minister

1 International ceoperation

f Creation of Partial Risk
Guarantee Fund (PRGF) ali
Venture Capital Fund (VCF)

9 Creation of State Energ
Conservation Funds (SECF)

1 Formulate and facilitate implementation of pilot projects and demonstr
projects: AgDSM, WHR projects in States, LED street lighting, LED vill
campaign

T Enhancement of laboratory facilities for testing of energy effic
appliances: Laboratory cagity building program

9 Provision of incentives to manufactures in Sufficient Equipment
Program (SEEP)

The cumulative energy consumption of the country was 7715 mtoe during2PQ@lat the usegnds. It is estimated

that 215mtoe (i.e. 2.8% of the &btconsumption) energy was saved due to energy efficiency measures from the year
2001 to 2013. OQut of this, about 23% savings is due tc
due to BEEG6s schemes/ pr o §0l-2043s Asipes BEE lcadculdtiond, 8n.avdoitdd cagpacity ofr i n g
36,323MW during the years 2006 to 2014 has been achieved. The National Energy Conservation Award (NECA)
scheme which was launched by Ministry of Power in 1999 has also resulted energy savinigspatpay industries.

The total energy consumption and energy savings due to energy efficiency measures are Bkbibit 811.
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Exhibit: 3.1

Base Year: 2001
Total cumulative consumption: 7715mtoe
Estimated Savina due to EE : 215 mtoe (2.8%taf consumption)
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It is quite evident from th&xhibit 3.1 that the saving realization due to BEE schemes has been appreciable after 2007
when many schemes were operationalized. In terms of avoided capacity, BEE has always exceeded the yearly targets
assigned to it by Central Government. Although the schemetavigeted saving has not been achieved by all schemes,

the overall saving has been remarkable. It is found that BEE schemes have the maximum direct impact on residential
sector as 77% of the savings are result of Standards & Labelling program which roaeny lsousehold appliances.
However, BEE efforts have led to much bigger impact on account of customers taking voluntary initiatives due to
increased awareness.

3.2.1 Achievements of demand reduction by Energy Efficiency measure
It is observed that theeefits reported by BEE, have been mainly concentrated in one or two schemes i.e. appliance
and industry programs (as shownTiable 3.2. Therefore, there is lot of scope in other schemes and larger penetration
opportunities of energy efficiency different stages and types of end users.
Table 3.2
Schemewise saving during 2006 2014

SL Scheme Avoided Generation
(MW)
1 Standard & Labeling 29,771
2 Building (ECBC) 14.2
3 Bachat Lamp Yojana 427
4 Strengthening of State Designated Agency 1,065
5 Designated Consumers and Small & Medium Enterprises 2.1
6 Agricultural DSM(AgDSM) and Municipality DSM (MuDSM) 0.70
7 National Energy Conservation Award 5,043
TOTAL 36,323
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3.3 PROJECTIONS OF ENERGY SAVINGS AND PEAK AVOIDED

The breakup of projections of energy savings and Peak avoided for Utility andilityrfor the years 20122 and

202227 have been estimated and are showrable 3.3(a) to Table 3.3(d)

Table3.3(a)
Projections of energy savings during 20122
Details 201718 201819 201920 202021 202122
Savings Utility (BU) 123 156 176 190 206
Savings NorUtility (BU) 17 25 31 38 43
Total (Billion Units) 140 181 207 228 249
Table3.3(b)
Projections of Peak avoided during 201-22
Details 201718 201819 201920 202621 202122
Savings Utility(MW) 7333 7936 8319 8864 9436
Savings NorUtility(MW) 361 474 519 568 619
Peak Avoided (MW) 7693 8411 8838 9432 10055
Table 3.3(c)
Projections of energy savings during 20227
Details 202223 | 202324 | 202425| 202526 202627
Savings Utility (BU) 217 230 244 257 273
Savings NorUtility (BU) 47 o1 35 60 64
Total (Billion Units) 264 281 299 317 337
Table3.3(d)
Projections of Peak avoided during 202227
Details 202223 | 202324 | 202425| 202526 202627
Savings Utility(MW) 9900 10450 11037 11659 12324
Savings NorUtility(MW) 668 720 774 835 900
Peak Avoided (MW) 10569 11169 11811 12494 13225

3.4. DEMAND SIDE MANAGEMENT AND ENERGY EFFICIENCY TARGETS FOR 2017 -2022 AND 2022
27

The BEE hagategorically taken following approach for widespread adoption of energy efficiency programs by various
sectors of economy:

Widening of scope in agoing programs

Launch of new programs & missions

Faster market transformation

Costeffectiveness of energgfficient products, services and knowledge
Mandatory programs and enforcement

Inclusive participation in EE programs by all sections of the society

=4 =8 =8 =8 -8 -4

The projections of reduction of energy demand through implementation of various programmes of Demand side manager
for 20172022 are given iTable 3.4
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Table 3.4
Projections of reduction of energy demand for the years 20172

Program 201718 201819 201920 202021 202122
S&L (BU) 56.49 60.33 64.43 8.81 73.49
Buildings (BU) 6.52 8.04 9.64 6.25 6.56
Agriculture(BU) 0 2.7 3.6 4.59 5.63
gg#eS;:f)S(BU) (PAT) 297 49.17 61.33 78.11 90.37
National Energy|
Conservation Awards 13.8 14.2 15.2 16.3 17.4
(NECA)(BU)
::Eﬁtmg ®U) Domestic| o887 | 39375 | 425 43.6 45.3
LED Street Lighting(BU) 5.2 7.6 9.7 9.9 10.3
Total (Billion Units) 140.5 181.4 206.4 227.5 249.0
Savings (million toe) 35.14 45.36 51.61 56.89 62.27
Peak Avoided (MW) 7,693 8,411 8,838 9,432 10,055

Peak Avoided (MW) due

to installation of SWHS* 800 800 800 800 800

GDP (Billion ) 81,138 86,798 92,852 99,328 | 1,06,256
E%VF',r;gS/GDP (kgoe/" | 900043 | 0.00052 | 0.00056 | 0.00057 | 0.00059
Energy Intensity (BAU}

kgtoe/ GDP 0.012 0.011 0.011 0.011 0.011
Energy Intensity

Reduction (%) 3.58% 4.73% 5.09% 5.18% 5.36%

* Solar Water Heater System (SWHS) projections furnished by MNRE

The projections of reduction of energy demand through implementation of various programmes of Demand side
management for 2022027 are given ifable 3.5

DEMAND SIDE MANAGEMENT
35



Central Electricity Authority National Electricity Plan

Table 3.5

Projections of reduction of energy demand for the years 20227
Program 202223 202324 202425 202526 202627
S&L(BU) 78.49 83.82 89.52 95.61 102.11
Buildings(BU) 6.89 7.23 7.59 7.97 8.36
Agriculture(BU) 2.93 2.03 1.04 0 0
Industries (PAT
Scheme) (BU) 98.9 107.7 116.7 126.0 136.1
National Energy
Conservation  Awards 18.6 19.9 21.3 22.8 24.4
(NECA) (BU)
LED Domestic
Lighting(BU) 47.4 49.3 51.0 52.6 54.1
LED Street
Lighting(BU) 10.8 11.2 11.5 11.8 12.0
Total (Billion Units) 263.92 281.16 298.74 316.74 337.12
Savings (million toe) 65.98 70.29 74.68 79.19 84.28
Peak Avoided (MW) 10569 11169 11811 12494 13225
GDP (Billion ) 113667 121595 130076 139149 148854
2%";,’;95/ GDP (kgoel | 00058 | 0.00058 | 0.00057 | 0.00057 | 0.00057
Energy Intensity (BAU)
“Kkgtoe/ GDP 0.010 0.010 0.010 0.010 0.009
Energy Intensity
Reduction (%) 5.80% 5.80% 5.70% 5.70% 6.33%

Statewise Energy Savings (BU) targets for the years 208 7o 202627 are placed a&nnexure 3.1.
3.5 MEASURES TO BE ADOPTED TO ACHIEVE THE TARGET

3.5.1 Standards & Labelling for Appliances, Buildings Codes & Energy EfficiencjResearch Centre
3.5.1.1 Standard and Labelling (S&L) Program

() Ensure More Participation by Manufacturers in Mandatory & Voluntary Programs

1 Create Market Demand for Star labelled Products through consumer awareness and linking to procurement policy.
1 Facilitation of application process by BEE throughgrpdation of web portal and strengthening the helpdesk.

(i) Widen the Program

1 28appliances art be covered by 201 However,7 will be mandatory out of these 28 appliances.
(iii) Deepen the Program

i Transition from voluntary to mandatory zone for at least three products

1 Up gradation/tightening of norms of Room Air Conditioner, Refrigerator, Distribution Transfqrindistion
cooker,color television etc.
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(iv) S&L for Transport Sector

There are total 13.3 million passenger cars (2010) in India which consume about 9 mtoe. The average annual sales

of new passenger cars in the country are about 1.1 million. Energy consumption standard have been notified for
passenger cars and would &gplicable from 20148 for the 1st phase & 20223 for the 2nd phasf.he targeted

energy saving by 2025 is 22.97 mtoe.

3.5.1.2 Energy Conservation Building Code

(i) 75% of all new commercial buildings to be ECBC compliant and 20% of the exisimgnercial buildings to
reduce their energy consumption through retrofits

(i) To meet the targets, several activities have been proposed like adoption & facilitation for ECBC implementation,
development of test standards for building components, sugportreation of building material testing
laboratories, capacity building and creating a cadre of ECBC professionals through a testing & certification
programme, training & capacity building programmes for various stakeholders.

(i Desi gn Gui deadykfiiciens Multidt o6 En Resi dent i al Buil dingsé are
provide comprehensive information on how to design eneffigient multistory residential buildings.
Additionally, to improve energy efficiency in existing buildingtrofitting & Star labelling of commercial building
would be continued.

3.5.2 Demand Side Management (Agriculture, Municipality, SME and DISCOMSs and Solar Water Heating
Systems)

3.5.2.1 Agriculture DSM (AgDSM)

() Regulatory mechanism to mandate the use of BtaElabelled pump sets for new connections by DISCOMs.

(i) Facilitate Implementation of DPRs prepared duringPlan period and setting up Monitoring & Verification
protocol.

(i) Technical assistance and capacity development of all stakeholders.

(iv) Demo projects ipumping efficiency in Rural Public Health & Drinking water systems.

(v) Selection of beneficiary States as per the selection criteria for providing financial assistance to farmers for
promotion of Energy Efficient Pump sets and for implementation of demtaostigarojects on efficiency
improvement of Rural Drinking Water Pumping systems.

3.5.2.2 Municipality DSM (MuDSM)

() Build the technical & managerial capacity of the energy conservation cell of Urban Local Bodies

(i) Realize the energy saving throughplementation of selective DPRs prepared during 11th plan period in few
ULBs.

(iii) Facilitate other ULBs to replicate implementation through knowledge transfer.

(iv) Involve various stakeholders to create a market transformation in energy efficiency.

(v) FacilitateState Urban Development Departments to create institutional arrangements through which projects
can be implemented.

(vi) Oneday interaction meeting cum workshops in different States with participation from various stakeholders
like Urban Development DepartmedlLBs, SDAs, ESCOs & energy auditing agencies. These States have
also started activities to form the State Level Steering Committee and selection of ULBs for implementation of
demonstration projects.

3.5.2.3 Small, Medium Enterprises (SMES)

The SME sedr is an important constituent of the Indian economy, contributing significantly in GDP, manufacturing
output and export. Similarly, this sector also plays a significant role in energy consumption which is about 25% of the
total energy consumption by indtial sector. BEE is targeting the SME sector for reduction in energy consumption by
6% of the energy used in the energy intensive manufacturing SMEs which is equivalent to 1.75 mtoe. Due to demand
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side management activities, demand from SME will be ratlacel their profit margins will increase and will lead to
better management in the sector. The targeted goal would be achieved by introducing innovative business models and
financial instruments (like Venture Capital Fund/Revolving Fund, Partial Risk @Gtear&und) as given below:

(i) Sector specific approach for energy efficiency and technology up gradation through facilitation of
implementation of DPRs

(i) Energy mapping of the targeted SME Sector on all India basis

(i) Undertaking of Innovative Financial Schemes ddoption of EE Technologies in the SMEs

(iv) Technical assistance and capacity building

(v) SMEs Product Labelling Promotion Scheme

3.5.2.4 Capacity Building of DISCOMs

Bureau of Energy Efficiency has launched a programme for capacity building of DISCOMprddriamme will help

in integration of EE activities witkhe activities managed by Distribution Companies (DISCOMs) for Demand Side
Management. Further, this programme will help in capacity building of DISCOMs and development of various
mechanisms to proote DSM in their respective States. Bds.DISCOMs have been selected to participate in this
programme. The following activities would be carried out by BEE and DISCOMs under this programme.

(i) Establishment of DSM Cell by selected DISCOMs.

(i) Creation ofabout 500 Master Trainers from officials of DISCOMs under Training of Trainers (ToT).

(i) Training of 40005000 circle level officials of DISCOMs under Capacity building workshops.

(iv) Providing Manpower Support to DISCOMs for facilitating DISCOMs for implememtadf DSM measures
in their areas.

(v) Providing Consultancy support to DISCOMs for load survey, load research, load strategies etc. and
preparation of DSM action plans.

(vi) Adoption of DSM regulations by the Regulator.

(vii) Incorporation of DSM plan alongith Multi-Year Tariff (MYT).

(viii) Implementation of DSM Action Plan.

(ix) Monitoring and Verification and reporting to the SERC.

3.5.2.5 Installation of Solar Water Heating Systems (SWHS)

Solar water Heating is now a mature temlogy. Wide spread utilization of solar water heaters can reduce consumption

of conventional energy being used for heating water in homes, industries and commercial & institutional establishments.
Solar water heaters of 1€BDO0 litres capacity are suitedrfdomestic applications and larger capacity heating systems
can be used for restaurants, gestises, hotels, hospitals, industries etc. A solar heating system aféntan replace

electric geyser of 2 kW load. MNRE has informed the projections tdliason of SWHS having total area of 800,000

m? /year in the country during 20457 to 202621. These SWHS would have the potential to reduce the annual peak
load of the country by 800 MW.

3.5.3 Institutional Mechanism: Strengthening of State Designated Agaties (SDA)

It is well recognized that State Designated Agencies (SDAS) in different States need to play a very important role
in terms of carrying forward various energy efficiency initiatives at the State level. The thrust of the SDA program
is based omstrengthening the 35 SDAs which would enable them to implement various EE and EC programs and
activities initiated by BEE or SDAs themselves.

The activities include sector specific interventions in areas like municipality (drinking water and sewagatjeatm
agriculture sector (pumping), street lighting, commercial buildings, Government buildings and waste heat recovery
in SMEs including demonstration projects. Following initiatives of SDAs are proposed to be supported that would
help in strengthening éhcapacities of SDAs and undertaking of various projects and programmes to promote energy
efficiency in their respective States:

0] Support for implementing Stateise sector specific energy saving plan by the SDAs
(i)  Continued engagement of SDAs with enerdicafncy professionals like energy auditors, energy managers
and ESCOs
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(i)  Implement various EE demonstration projects in the States to showcase the effectiveness of the most
advanced energy efficient technology and pursue State Governments to replicatgetttarpother parts
of the States.

(iv) LED village campaign in the villages and pursue State Governments to replicate the project in other parts
of the States.

(v)  Providing technical support to the SDAs

(vi)  Publicity /awareness on EE in the States

(vii) Workshops/ traimg programmes for all the stakeholders

(viii) Capacity building programmes for the SDAs

3.5.4 Regulatory Instruments
3.5.4.1 ToD (Time of Day) Metering / ToU (Time of Use) Pricing

ToD/ToU metering is a billing method in which depending on the expected load on thelgitidgalay is divided into

several time zones. The duration of each time zone is programmable and the user can define the time zones as per his
requirements. The meter records the energy consumed in different time zones in separate registers and exhibit
accordingly. Consumption in each of the time zone is charged at different rates. The tariff rates for different time zones
are fixed in such a way that a consumer pays more for energy used during peak hours thaedértaftirs. It becomes

the resporibility of the consumer to either restrict his energy usage or pay accordingly. This encourages consumers to
shift load during cheaper time periods of the day. TOD metering helps consumers to manage their consumption which
in turn helps the utility in mamggng the peak demand.

TOD metering helps in shifting thiwmads mostly to fi- peak hours, resulting in reduction in the peak demand
requirement of the utilities by flattening their load curve. It would also improve the financial health of the udilities a
utilities would not have to buy costly power during peak hours.

Hence, TOD Metering system is very useful for utilizing the available electrical energy in an optimum way. This also
helps the utilities to plan their distribution infrastructure appatgly. This can be implemented in all consumer
categories be it domestic, commercial, industrial or even BPL consumers.

Presently, most of the States have implemented this type of metering for industrial and commercial consumers. However,
it is very difficult to assess the reduction in Peak Demand achieved through the use of TOD metering unless specific
inputs are received from the States in this regard.

3.5.4.2 Demand Response (DR)

Ability to reduce electricity demand from appliance to manage peak demand wexce the need for costly
investments in energy supply, manage shortages, and improve the reliability of the electricity grid. DR primarily takes
the form of: (a) involuntary load shedding by utilities, and (b) time of use pricing. More nuanced eduipsszhauto

DR can be used to avoid blanket load shedding in the short run and avoid investment in expensive peak plants in the
long run. Demand Response (DR) can, therefore, be considered a valuable resource for managing the electricity grid. It
can effetively mitigate peak demand and also reduce the costs associated with integrating intermittent renewable
electricity generation.

3.5.5 Reduction in AT&C losses:

To address the issues related to the high AT&C losses and reforms in the distributioof skeetStates, the Government

of India launched Accelerated Power Development and Reforms Programme (APDRP) Rtari@nd Restructured
Accelerated Power Development and Reforms Programr#P(®RP) for 11"Plan.In the 11" Plan, the scheme has

been rstructured with emphasis on actual demonstrable performance in terms of sustained loss reduction. The
programme was of 51,577 crores.

Ministry of Power has further sanctioned Alntegrated P
following components:

(i)  Strengthening of sutransmission and distribution networks in the urban areas.
(i)  Metering of distribution transformer/feeders/consumers in the urban areas.
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(iii)

3.5.6

(i)

(ii)

IT enablement of distribution sector and strengthening of distribution networkofopletion of the targets
laid down under RAPDRP for 12" and 13' Plans by carrying forward the approved outlay feARDRP to
IPDS.

The components at (i) and (ii) above have an estimated outla32612 crores, including a budgetary support
of 25,354 crores from Government of India during the entire implementation period.

The scheme of APDRP as approved by Govt. for continuation iff 82d 13 Plans has been subsumed in
this scheme as a separate component relating to IT enablement of distrdmdtor and strengthening of
distribution network [component (iii) above] for which Govt. has already approved the scheme cbs0dfl
crores including a budgetary support &#2,727 crores. This outlay will be carried forward to the new scheme
of IPDS in addition to the outlay indicated abo{@ource: MoP order No. 26/1/2014APDRP dated 0312-
2014)

Ministry of Power has also laid down a Statise AT&C loss reduction trajectory till the year 2629 to be
followed by various States across the doyin

Affordable Energy Efficient Lighting Solution

The Lighting Industry has seen a strong growth of more than 67% f8%00 Crores in 2010 t016200 Crores

in 2014. This has been driven largely from Incandescent Lamps (GLS) to CompaesEtum Lamps (CFL)

and recently with Light Emitting Diodes (LEDs) Several Government initiatives have supported this transition,
including Government regulations and directives to use CFL in Government buildings, and large installations.
Government beingargest buyer of lighting products, impacts the industry business by various actions. Recent
initiatives by Government to promote and procure LED Lighting products, has suddenly changed the scenario
for which the lighting industry was not prepared.

The chart below gives a fair idea of total population of Light points in domestic sector, Street Light population
in year 2005, possible growth by 2020 and likely business available that needs to be tapped in India.

Table 3.6

| 2005 | 2014 | Est2020 |

Light Points 1.3 billion >2 billion > 2.5 billion

Incandescentsold 1 billion 800 million 200 million

CFL Sold 67 million > 450 million 20 million

LED Lamps sold - 23 million 1 Billion

CFL Manufacturing 4 million > 1 billion Conversion to LED

Capacityin India manufacturing

Unelectrified area 40% 20% 10%

LED Street Light 2.5 million 10 million *

Sale

*Street Light sale betwee015-2020 will be around 41 million

Initiatives by Government to Promote LED Lighting in India

Making BIS standards mandatory, establishment of Energy Efficiency Services Limited (EESL), making star
labelling for LED Lamps by BEE and later for LED dowghts and launching Demand side management
schemes to promote LED lamps are the initiatives that the Government has taken to push use of LED Lighting
in all segments. Under Electronic System Design & Manufacturing, DeitY has initiated several schemes to
provide relief and funding for land, equipment and tax holiday etc., to promote electronic manufacturing in India
including LED Lighting.
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3.6 ACHIEVEMENTS AND PLANS WITH RESPECT TO MISSIONS OF CLIMATE CHANGE

The National Mission on Enhanced EneEfficiency (NMEEE) is one of the eight missions under the National Action
Plan on Climate Change (NAPCC). NMEEE aims to strengthen the market for energy efficiency by creating conducive
regulatory and policy regime and has envisaged fostering innovativeumtainable business models for the energy
efficiency sector.

The NMEEE spelt out four initiatives to enhance energy efficiency in energy intensive industries which are as follows:

1 Perform, Achieve and Trade Scheme (PAT), a regulatory instrumentitceespecific energy consumption in
energy intensive industries, with an associated market based mechanism to enhance the cost effectiveness through
certification of excess energy saving which can be traded.

1 Market Transformation for Energy Efficiency (MH, for accelerating the shift to energy efficient appliances in
designated sectors through innovative measures to make the products more affordable.

1 Energy Efficiency Financing Platform (EEFP), for creation of mechanisms that would help finance deieand si
management programmes in all sectors by capturing future energy savings.

1 Framework for Energy Efficient Economic Development (FEEED), for development of fiscal instruments to
promote energy efficiency.

The Mission seeks to upscale the efforts to untbe market for energy efficiency which is estimated to be around
74,000 crore and help achieve total avoided capacity addition of 19,598 MW, fuel savings of around 23 million tonnes
per year and greenhouse gas emissions reductions of 98.55 milli@s fmemyear at its full implementation stage.
Continuation of NMEEE was approved by Cabinet on 6th August, 2014 with a total outl&y 6fcrores.

3.6.1 Perform, Achieve and Trade (PAT)

On 30" March, 2012 energy saving targets for 478 designated consumers belonging to 8 sectors were notified. In the
first cycle of PAT (ending in year 201¥b), 478 industrial units in 8 sectors (Aluminium, Cement, Chidkali,

Fertilizer, Iron & Steel, Paper &ulp, Thermal Power, Textile) have been mandated to reduce their specific energy
consumption (SEC) i.e. energy used per unit of production by March,2015. Overall, the SEC reduction targets aim to
secure 4.05% reduction in the SEC in these industriesingtah energy saving of 6.686 million tonne of oil equivalent
which would account for mitigation of about 24 million tons of CO2.

Sector Specific proforma along with Sector Specific Normalization Factors to streamline the monitoring and verification
(M&V) process has been prepared. The sectorseator specific Normalization Factors were developed to neutralize

the effects on specific energy consumption (SEC) in the assessment year as well as baseline year so that undue
advantages or disadvantages doubt be imposed on any Discoms while assessing the targets. To facilitate the M&V
process, M&V guidelines for all the 8 sectors have been developed. BEE has put in place a process of accreditation of
Energy Auditors who will be engaged to execute the M&Wcess of DCs to assess their performances. Development

of Energy Saving Certificates (EScerts) trading infrastructure is in process in collaboration with Central Electricity
Regulatory Commission (CERC).

Do c ume nt s-forman andi Rornalization Equatiod and ANor mal i zati on Documen
Verification Guidelinesodo have been prepared to facilit
have been provided to all Designated Consumers, Accredited Energy Auditors andeSigiated Agencies.

The Draft Rules/Regulations for trading of energy savings certificate has been finalized and submitted for getting
concurrence of CERC for finalization and Notification. For Development of Repository of trading platform, POSOCO
has been identified as rejitosy of ESCerts Trading. PATNET, an online platform for data reporting, trading of ESCerts,
etc. is operational.

PAT fnDeepeningd process has already been initiated to
sectors such as Iron aiBteel and Pulp and Paper by reducing the threshold so that more and more industrial units
participate in the energy enhancement scheme. Similar/l
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PAT fold has also been initiated. Presently,rmefy, Electricity DISCOMSs, and Railways are under consideration for
including in the PAT cycle Il. PAT is visualized as a mualicle scheme aimed towards raising the efficiency of
economy to a higher level.

PAT cycle | was completed on 3larch, 2015From 1st April, 2015 to August, 2015 was the M&V phase. The
verification of the performance of DCs was carried out by Accredited Energy Auditing Firms. Currently scrutiny of
performance assessment documents (PADS) is under process by State DeAiggatezs (SDAsS) and by Bureau of
Energy Efficiency (BEE). After the scrutiny by BEE and on the recommendation of BEE, the Central Government will
issue ESCerts which can be traded at Power Exchanges.

When compared to the baseline energy consumptiore digfinning of PAT scheme, the energy efficiency measures
have resulted in a savings of around 6% till 2010.

Table 3.7
Specific Energy Consumption (ToE /MT)
2017
Sector 2010 . o .
2005 (% saving over 2005) (prOJected2 goo;avmg over

Cement 0.08 0.075(6%) 0.07 (9.63%)

Pulp and 0.78 0.72 (7%) 0.67 (29.49%)
Paper

Iron and Steel 0.70 0.66 (6%) 0.63 (10.29%)
Fertilizers 0.63 0.59 (6%) 0.57 (11.11%)

In next three years (20167,201718 and 2018.9), the industrial energy savings are targeted to ri@eh through
widening of PAT scheme to new sectors as well as increasing the penetration within the current sectors. In addition,
guidelines for mandatory disclosures on energy consumption by companies, under the Companies Act will help in
achieving the 10%argets.

As per Guidelines on Energy and Energy Conservation Reporting in Annual Reports of companies, all firms, registered
under the Companies Act, are mandated to disclose their annual energy consumption and energy conservation initiatives
throughthec o mpany és annual report. With the appropriate gui
including energy and energy conservation data, will be more streamlined and robust. This will also encourage companies
to undertake energy audits,eitify energy intensive areas within the firm as well as formulate energy efficiency
measures to improve energy savings.

Outreach activities to consult with designated consumers and technology providers including knowledge exchange
platform to share expiences within and between sectors.

3.6.2 Market Transformation for Energy Efficiency (MTEE)

Under MTEE, two programmes have been developed i.e. Bachat Lamp Yojana (BLY) andEigpart Equipment
Programme (SEEP).

i) Bachat Lamp Yojana (BLY): It is a publieprivate partnership program comprising of BEE, Distribution Companies
(DISCOMSs) and private investors to accelerate market transformation in energy efficient lighting. Under this program,
over 29 million incandescent bulbs have been replagetifh.s

In the next phase of BLY, BEE will promote use of LED lights using the institutional structure of BLY Programme.
BEE provides support to Rural Electrification Corporation (REC) for framing technical specification and monitoring
and verification othe energy savings from the LED bulbs distributed under RGVVY scheme to BPL households. BEE
will also undertake outreach activities to promote large scale adoption of LEDs.

(i) Domestic Efficient Lighting Programme (DELP): Energy Efficiency Services Lired EESL)has evolved a
service model where it works with electricity distribution companies (DISCOMs) through a benefit sharing approach.
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The Domestic Efficient Lighting Programme (DELP) obviates the need for DISCOMSs to invest in the upfront cost of
LED bulbs; EESL procures the LEDs bulbs and provides to consumers at a rdte each as against their market
price of 350-600.

A) DELP scheme-Key features:

DELP will leverage the Demand Side Management (DSM) regulatory framework that SERCs havetareated
set up a robust payment security mechanism. EESL, on its own or in collaboration with partners, will undertake
project implementation and take the investment risk. The methodology has been uniquely developed with strong
focus on the monitoring and vadétion aspects. Following are some of the key features of DELP.

A Distribution of L EDDssagansth marketpiicedads 6@t cost of
A At least three yearso6 free replacement warrante
A No impact on tariff

A Pay me n fromtDtSCEMEsBread over 5 years from energy savings achieved

A Benefits sharing approach
The upfront investment made by EESL is paid back in two different ways as indicated under as case
studies:

Table 3.8
Case study 1: DELP implementation at Puducherry

No of household consumers targeted

2.45 lakh

No of inefficient ICLs (60 watt) to be replaced

7.35 lakh (three per household)

Wattage of LED 7 watt
Reduction of wattage per household 159 watt
Total reduction of connected load in the State 38.9 MW

Energy
household

consumption  reduction  per

166.95 kWh per annum (based ¢
3.5 hours of usage for 300 days
year)

Total energy consumption reduction in the
DISCOM

40.9 million kWh

Cost reduction for households per annum 500-600
Approximate cost reduction for DISCOMS 16.9 crore
per annum

Upfront investment by State/ DISCOM Nil

Investment by EESL

22.785 crore

B) Service Model Street Light

EESL has been designated as the implementing agency for Street Light programmes. EESL has evolved
aservice model to enable Municipalities to replace conventional lights with LEDs at no upfront cost. The

balance cost is recovered through tlenicipalities by monetising the energy savings.

Case Study /izag Street Light Project

EESL has implemented about 92,000 street light retrofit projects in Vizag. This project will reduce the energy
consumption by 50%. The entire upfront capital &¥4 crores has been invested by EESL and will be recovered

a 7 year s aalitywellpay @ESL a Sum ef 18hicnore @veny year whereas its overall costs
savings would be 31 crores annually. This service model is replicable as it obviates the need for upfront capital as
well as reduces the recurring expenditure of municipalifidnis model could help scale up energy efficient street
light replacement in the country. A brief on Vizag efficient street light project is as follows:

over
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Table 3.9

Case Study 2/izag Street Light Project
No of street lights being replaced in Vizag 91,997
Expected annual energy savings 24 million KWh
Expected reduction of installed street light load 3.90 MW
Actual capital investment 64 crore
Estimated cost savings to municipalities every year 31 crore
Annual payments to EESL for 7 yearginclusive of O&M Costs) 18.5 crore
Actual reduction of electricity bill in 15t quarter of this calendar year 5506
as compared to similar period last year

LED deployment: 4.5 million LED lights to domestic consumers and 90,000 LED street lights have been deployed
by Energy Efficiency Services Limited (EESL) with an estimated saving of about 274 million units of electricity.

(iiiy Super-Efficient Equipment Programme (SEEP): The other component under MTEE is a new programme
called SupegEfficient Equipment Programme (SEEP). SEEP is a program designed to bring accelerated market
transformation for supesfficient appliances by providing financial stimulus innovatively at criticaihtgs of
intervention. Under this program, ceiling fan has been identified as the first appliance to be adopted. SEEP for
ceiling fans aims to leapfrog to an efficiency level which will be about 50% more efficient than market average by
providing a timebound incentive to fan manufacturers to manufacture seffierent (SE) fans and sell the same at

a discounted price. The goal is to support the introduction and deployment ceffiggent 35W ceiling fans, as
against the current average ceiling fafdsn Indian market with about 70W rating. For the 12th Plan, it is targeted

for deployment of 2 million fans during the Plan period with an outlayl®0 crores. Under this program, maximum

of 500 per fan incentive will be given to fan manufacturas rhanufacture and sale of fans meeting SEEP
specifications.

Consultations with main stakeholders of the program such as fan manufactures technology providers, R&D
institutions, academia and civil society organizations have been completed. Main tegppedifadations have been
finalized. Assessment of testing capacity and development of testing protocols have been completed. Independent
agency for monitoring and verification has already been engaged. A panel of SEHigient fan manufacturers
has ben selected through an open competitive bidding process.

3.6.3 Energy Efficiency Financing Platform (EEFP)

Energy Efficiency Financing Platform (EEFP) is one of the initiatives under NMEEE to provide a platform to interact

with financial institutions angroject developers for implementation of energy efficiency projects. Under EEFP, MoUs

have been signed with financial institutions to work together for the development of energy efficiency market and
capacity building of FIs. In May 2015, BEE has signella U wi t h I ndi an Banks®& Associ
Programme for scheduled commercial banks (except cooperative banks) on Energy Efficiency Financing. This Training
Programme has been launched on 1st June 2015 in Mumbai, and two training of traikenspgnave been conducted

so far. Under EEFP, BEE has also released the bookl et
I ndi ad and ATraining Manual on energy efficiency finan

3.6.4 Framework of Energy Efficiency Economic Develoment (FEEED):

Framework for Energy Efficient Economic Development (FEEED) is targeted to provide appropriate fiscal instruments
that may supplement the efforts of the Government for creation of energy efficiency market. Under FEEED, BEE has
constituted tw funds namely Partial Risk Guarantee Fund for Energy Efficiency (PRGFEE) and Venture Capital Fund
for Energy Efficiency (VCFEE). PRGFEE is a risk sharing mechanism to provide financial institutions (banks/NBFCs)
with a partial coverage of risk involved éxtending loans for energy efficiency projects. Under PRGFEE, the support
has been provided to Government buildings, private buildings (commercial orstouiti residential buildings),
municipalities, SMEs and industries. The guarantee will not excé&drores (has been proposed to increaseld

crores) per project or 50% of loan amount, whichever is less. BEE has constituted the Supervisory Committee for
PRGFEE and selected the consortium of RECPIREGEESL as the Implementing Agency for PRGFEEjohhs

in process of operationalizing the fund. The notification of PRGFEE rules is also under process.
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VCFEE is a fund to provide equity capital for energy efficiency projects. A single investment by the fund shall not
exceed 2 crores. The Fund shallovide last mile equity support to specific energy efficiency projects, limited to a
maximum of 15% of total equity required, through Special Purpose Vehicles@ores, whichever is less. The support

has been provided to only Government buildingssgbe buildings (commercial or mulsitoried residential buildings)

and municipalities.

3.6.5 Other initiatives of Government for enhancing energy efficiency in Generation sector
i) Adoption of super-critical technology in thermal generation

Supercritcal units are designed with higher steam parameters of 247kg/cm2, 565/593 °C. With the higher steam
parameters of supercritical units, the efficiency of these supercritical units would be a®dutigher than the
efficiency of present 500 MW swdritical units. This would lead to corresponding savings in coal consumption and
reduction in GHG emissions. The thermal units in the country so far have largeshi capacity of 800 MW. 60

Nos. supercritical units of siz€&60/800 MW with a total capagitof 41,310 MW havwe been commissionedin the

period 201722, coalbased capacity addition waginly through supercritical units.

Coal fired thermal generation units based on tHtrpercritical technology having steam pressure of-380 kg/cm?2
andtemperature of 600/610°C are also being introduced in the country.

The national average thermal efficiency of coal/lignite based power plants has increased from 32.53%.tt@009
about 34% in 201-34. It is expected that the efficiency of coal bagederation would further improve in the period
201722 due to commissioning of large size super critical units

i) Automatic transfer of LOA/Coal Linkage in case of Scrapping old thermal units

Min. of Coal, Government of India has formulated a policy on automatic transfer of LOA/coal linkage (granted to old
plants) to new plants in case of scrapping of old units and replacing them with new higher efficiencyitcglarnits.
(Nlustration: for setting up of new supercritical plant of 2000 MW capacity, at least 500 MW of old capacity has to go
be retired. Old plants can be clubbed together to achieve this). The additional coal required shall be accorded priority in
allocation subject to avalbdity on best efforts basis from CIL.

iil) Retirement of old & in -efficient thermal units

The retirement of old and inefficient units of thermal generating stations and replacing them with new and more efficient
units is one of the major initiativeskien by Government of India. The identified units are to be retired in a phased
manner along with the matching capacity addition in the respective State, so as to have no impact of retirement on the
power supply position in the States/countkycapacity 0f2398 MW has been retired inPlan period. In 12 Plan,

capacity of 5,082 MW was retired

iv) Renovation and Modernization (R&M) & Life Extension (LE) of existing old power stations

With an objective of improving efficiency and availability of aidits, R&M and LE works of total capacity of 16,146
MW have been completed in 11th Plan period. In 12th Plan R&M and LE works for total capaeRy26MW was
conpleted.

v) R&D for Advance Ultra Supercritical technology

Under the National Mission fodevelopment of clean coal technologies, an R&D project has been taken up to
indigenously develop Advance Ultra Supercriticaty&C) technology with steam temperature of around %m0
Typically an AUSC power plant having steam parameters of 300 kg/cesspre and 700°C steam temperature may
have plant efficiencies of around 46% (HHV higher heat value basis).

NTPC, Indira Gandhi Centre for Atomic Research (IGCAR) and BHEL have signed a MOU for development-of the A
USC technology. It is proposed to execute an 800 MMWSKC indigenous demonstration plant (with main steam
pressure of around 300 kg/ cm2 and tempeeadf 700°C) in a Zyear period from the date of financial sanction by the
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Govt. of India. The Fear period comprises of two and half years of design and development work (R&D phase) and
four and half years of power project construction phase.

3.7 CONCLUSION AND RECOMMENDATIONS

il

Regulators to notify their DSM regulations and direct the DISCOMs to prepare their DSM action Plans.
Regulators may direct Distribution Companies to take up energy efficiency measures in theiil lageas.
DISCOMs may besuitably incentivized to implement DSM projects like lighting;@nditioning, agricultural
pumps, refrigerators and ceiling fans dte.reduction in their peak demand.

Encourage implementation of ToD Tariffs for industries and commercial consumphased manner and
include domestic consumers subsequently.

DISCOMs may be advised to carry out annual audits of energy flow of their distribution system.
Retirement of old and inefficient units and replacing them with more efficient supercritical units

Joint Committee may be constituted under chairmanship of Secretary (Power) with official from BEE, CEA,
EESL, SERC, DISCOMs and other stakeholders to monitor and recommend improvements in DSM measure.
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Annexure 3.1
STATE-WISE ENERGY SAVINGS TARGETS FOR THE YEARS 2017-18 TO 202627
All figures in BU)

NORTHERN REGION 201718 | 201819 | 201920 | 202021 | 202122 | 202223 | 202324 | 202425 | 202526 | 202627
Haryana 4.89 6.40 7.31 8.07 8.86 9.32 9.91 10.51 11.12 11.84
Himachal Pradesh 1.79 2.40 2.79 3.18 3.52 3.79 4.07 4.36 4.65 4.97
Jammu & Kashmir 1.31 1.63 1.83 1.94 2.07 2.20 2.33 2.46 2.60 2.74
Punjab 6.33 8.15 9.21 10.15 11.11 11.70 12.43 13.18 13.95 14.84
Rajasthan 6.10 7.99 9.11 9.93 10.84 11.24 11.86 12.49 13.12 13.92
Uttar Pradesh 11.46 14.49 16.30 17.80 19.34 20.48 21.77 23.09 24.44 25.95
Uttarakhand 2.26 2.96 3.40 3.84 4.24 4.55 4.89 5.23 5.58 5.96
Chandigarh 0.39 0.47 0.51 0.53 0.56 0.60 0.63 0.67 0.71 0.75
Delhi 6.58 7.78 8.49 8.57 9.06 9.59 10.13 10.69 11.26 11.86
SubTotal (NR) 41.12 52.26 58.96 64.01 69.59 73.46 78.03 82.68 87.42 92.83
WESTERN REGION

Gujarat 10.28 13.89 16.13 18.46 20.50 21.79 2331 24.86 26.46 28.27
Madhay Pradesh 5.55 7.27 8.29 9.13 9.97 10.42 11.04 11.66 12.29 13.05
Chhattisgarh 2.92 3.79 4.33 4.84 5.33 5.67 6.06 6.46 6.87 7.33
Maharashtra 18.54 23.87 27.11 29.64 32.41 34.27 36.47 38.72 41.01 43.64
Goa 0.74 0.98 1.13 1.28 1.41 1.52 1.63 1.75 1.86 1.99
Daman & Diu 0.35 0.50 0.60 0.73 0.82 0.90 0.97 1.05 1.13 1.21
D & N Haveli 1.04 1.51 1.82 2.24 255 2.78 3.02 3.26 3.52 3.79
SubTotal (WR) 39.44 51.81 59.42 66.32 72.99 77.36 82.51 87.76 93.14 99.28
SOUTHERN REGION

Andhra Pradesh 12.21 15.95 18.18 20.15 22.13 23.30 24.78 26.28 27.83 29.65
Karnataka 8.99 11.90 13.70 15.08 16.55 17.37 18.44 19.53 20.63 21.94
Kerala 4.74 5.79 6.42 6.83 7.3 7.84 8.34 8.86 9.39 9.95
Tamil Nadu 13.93 17.85 20.25 22.19 24.23 25.71 27.38 29.09 30.84 32.80
Puducherry 0.54 0.71 0.82 0.93 1.03 1.11 1.19 1.28 1.37 1.46
Lakshadweep 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
SubTotal (SR) 40.41 52.20 59.38 65.20 71.31 75.35 80.16 85.06 90.08 95.83
EASTERN REGION

Bihar(Projected) 1.69 2.08 231 2.49 2.69 2.87 3.05 3.24 3.44 3.65
Jharkhand(Estimated)

$ 3.83 5.16 6.01 7.02 7.85 8.48 9.15 9.83 10.53 11.29
Orissa 3.25 4.19 4.77 5.36 5.90 6.35 6.81 7.28 7.77 8.29
West Bengal $ 8.63 11.04 12.55 13.88 15.21 16.31 17.46 18.64 19.85 21.16
A & N Islands 0.06 0.07 0.07 0.07 0.08 0.08 0.08 0.09 0.09 0.10
Sikkim 0.07 0.09 0.09 0.09 0.10 0.11 0.11 0.12 0.12 0.13
SubTotal (ER) 17.54 22.63 25.81 28.92 31.82 34.19 36.66 39.19 41.81 4462
NORTH EASTERN

REGION

Assam 1.20 1.49 1.67 1.80 1.96 2.09 2.23 2.38 2.52 2.68
Manipur 0.09 0.11 0.12 0.12 0.13 0.14 0.15 0.15 0.16 0.17
Meghalaya 0.31 0.39 0.45 0.50 0.55 0.59 0.63 0.68 0.72 0.77
Nagaland 0.10 0.11 0.12 0.13 0.13 0.14 0.15 0.16 0.17 0.18
$ -Estimated
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CHAPTER 4

DEMAND PROJECTIONS
4.0 INTRODUCTION
Demand assessment is an essential prerequisite for planning of generation capacity addition and commensurate
transmission and distribution system required to meet the future electricity requirement of various sectors of the
economy. The type and locatiohmower plants is largely dependent on the magnitude, spatial distribution as well as
the variation of electricity demand during the day, seasons and on yearly basis. Reliable planning of capacity addition
for future is largely dependent on accurate assessof future electricity demand.

4.1 DEMAND ASSESSMENT BY CENTRAL ELECTRICITY AUTHORITY - ELECTRIC POWER SURVEY
COMMITTEE

Electricity demand of the country is periodically assessed by the Electric Power Survey Committee (EPSC), taking into
account thactual electricity demand incident on the system in the past years, planned and under implementation policies
and programmes of the Government, various developmental activities projected in future, impact of energy conservation
measures, etc. The last ecise to assess the demand was the 18th Electric Power Survey (EPS) and the report of 18th
EPS was brought out in December, 2011. The 18th EPS Report coveradsgatectricity demand for States/ UTs,
Regions and for the country till the year 2622 ard perspective electricity demand for the years 202&nd 2031

32. The 19th Electric Power Survey Committee (EPSC) was constituted by CEA in June, 2015. The terms of reference
of the Committee were as under:

i To forecast the yeawise electricity demantbr each State/ UT, Region and for the country for the
years 2016l7 to 202627.

ii. To project the perspective electricity demand for each State/ UT, Region and for the country the year
203132 and 203&7.

The Electric Power Survey Committee had widere@spntation from the stake holders in the power sector with
representatives from Niti Aayog, Ministry of Power, Bureau of Energy Efficiency, NTPC, NHPC, REC, BBMB, State
Transmission Companies, State Distribution companies, Electricity Departments, TERI, €ll, NCAER, etc. The

19" EPS report has been brought out in January,2017.

4.2 METHODOLOGY ADOPTED

Partial End Use Method (PEUM) has been adopted to project electricity demand for 19th EPS. Partial End Use Method
i s a fupot aemr oac h-udevarfinad energy needs ofalifiedent categories of consumers like domestic,
commercial, irrigatio, industries, railway traction, etc. Various initiatives of Government of India/State Governments
like Power for All (PFA), DSM, energy conservation and efficiency improvement measures, Make in India, etc. have
been broadly factored in the electricity damd projection.

4.2.1 Data for Carrying Out Electricity Demand Projection

For carrying out electricity demand projection, the annual electricity data covering catdggergonsumption of
electrical energy, categowyise connected electric load, T&D kes, midyear population, number of consumers,
number of energized irrigation pump sets, aggregate capacity of irrigation pump sets, etc. from the y@arh2003

been furnished by the Discoms/UtilitigSlectricity Departments of the States / UTs. Adulitl information such as
programme of reduction in T&D losses, electrification ofalectrified households, irrigation pump sets energisation
programme, details of lift irrigation schemes, LT & HT public water works, bulk power supply etc. were aldegrov

by the Discoms/Utilities/ Electricity Departments of the States / Union Territories. Some of the states indicated that the
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tariff structure for various categories of consumption adopted by their State(s) is different from categories included in
the ERS and therefore they have clubbed these under the broad categories while furnishing information to CEA.

State/UT wise annual statements of power supply position brought out by CEA indicating actual electrical energy
requirement and availability, peak efigcity demand and peak met and the ireggional and allndia diversity factors

were also studied and considered for the demand projection. State/UT wise data of electricity demand for railway traction
was provided by Ministry of Railways/Railway Boabdsed on their programme of railway track electrification and
expansion plans.

Yearwise electricity demand projection has been carried out for the yearslZ0b6202627 with the year 20136

being taken as the base year. Perspective electricityndeprajection has been done for the years 28Band 2036

37. The medium/long term projection of electricity den
and for the country. Since some distribution licensees (eg. KESCO, JUSCO etw} flidnish the data separately,

they have been considered as point load by the main Distribution Licensee.

4.3 POLICY INITIATIVES OF GOVERNMENT AFFECTING ELECTRICITY DEMAND

4.3.1 Reduction of AT&C losses

Programmes for reduction of AT&C losses lldgwal Discom Assurance Yojana (UDAY), IPDS, DDUGJY etc. are
under implementation by the Government. The target is to reduce AT&C losses to about 13 % by the y22102021
all-India basis. Reduction of AT&C losses would lead to reduction in electrieihadd. The losses for Discoms have
been taken as per the trajectory of loss reduction given by the respective Discoms.

4.3.2 DSM, Energy Conservation & Efficiency improvement programs

Ministry of Power, Government of India and the State Governments hwduced various programmes for vigorous
Demand Side Management (DSM), improvement of energy efficiency and energy conservation measures like S&L
(Standards & Labelling), PerforchieveTrade (PAT) scheme in industries, Energy Efficient Lighting solstion
SuperEfficient Equipment Programme etc. There would be reduction in electrical energy requirement and peak
electricity demand through implementation of these programs. These initiatives have been factored in the electricity
demand projection exercise.

4.3.3 Power for All (PFA) Initiative

Government of India had taken a joint initiative with
specific documents for providing 24X7 Power to all households/homes, industrial and comonsiainers and
adequate supply of power to agricultural consumers as per their policy. This initiative aims at ensuring uninterrupted
supply of quality power to existing consumers and providing access to electricity tecathnected consumers by 2019

in a phased manner. This initiative would result in higher growth of electrical energy requirement in the initial years of
the forecast period.

4.3.4 Dedicated Freight Corridor

Electricity demand on account of dedicated freight corridor has been factdheddtectricity demand of Railways as

per information provided by Ministry of Railways/Railway Board based on their programme of railway track
electrification and expansion plans.

4.3.5 Make in India

Make in India is an initiative launched by the Goveemtof India to encourage mukational, as well as national
companies to manufacture their products in India. This initiative would lead to growth in electricity demand. The state
utilities/Discoms were requested to include the electricity demand dhis forogramme in their demand projections.

4.3.6 Electric Vehicles

As per the National Electric Mobility Mission Plan 2012 of Department of Heavy Industries, Government of India, the
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number of electric vehicles in India is likely to be 6 millions byyhar 2020 (4 million two wheelers & 2 million four
wheelers). The electric vehicles are likely to charge their batteries during day time i.e. during periods of high solar
power, when thermal power stations would be running at part load and duripgadfiours in the night after getting

back home. This therefore would not lead to any increase in the peak electricity demand.

4.3.7 Roof top solar programme

India has set its renewable energy capacity addition targets to 175 GW by 2022 in view of theusigRéizewable

Energy potential in the country. This includes 100 GW from solar, 60 GW from wind, 10 GW from biomass and 5 GW
from small hydro power. The 100 GW of solar includes 40 GW from solar rooftop. Some of the electricity demand will
be met locally irough these rooftop solar installations, leading to less requirement from the grid.

The likely impact on electricity demand due to implementation of various initiatives, policies/programmes of
Government of India and the States has been suitably inabedoin the electricity demand projection. The State
Authorities have indicated that data submitted to CEA for the 19th EPS Exercise have been arrived at by considering
the impact of such policies/programmes on the electricity demand of respective D&edessiJTs.

4.4 OVERVIEW OF ELECTRICITY DEMAND PROJECTION
4.4.1 Electricity demand projections from 201617 to 202627 on altindia basis

The electricity consumption on dhdia basis during the year 2016, 202122 and 202&7 has been assessed as 921

BU, 1300 BU and 1743 BU respectively. The electrical energy requirementiowliallbasis during the year 2016,

202122 and 2027 hasheen assessed as 1160 BU, 1566 BU and 2047 BU respectively. The peak electricity demand
has been estimated as 162 GW during the year-201826 GW during 20222 and 299 GW during the year 2026

27. The electrical energy consumption, T&D losses, eledteicergy requirement, peak electricity demand and derived
load factor for the years 2017, 202122 and 202&7 is summarized ifiable 4.1

Table 4.1

Electrical energy consumption, T&D losses, electrical energy requirement and peak electricity demafat the
years 201617, 202122 & 202627 on altindia basis as per 19th EPS Report

Year CAGR (%)
201617 202122
201617 202122 202627 to to

202122 202627
Electrical energy 920,837 1,300,486 1743,086 7.15 6.03
consumption (MU)
T&D losses (MU) 239,592 265537 304,348
T&D losses (%) 20.65 16.96 14.87
Electrical energy 1160,429 1566,023 2047,434 6.18 5.51
requirement (MU)
z\j\"j‘\'/‘) Electricity Demand 161,834 225751 298,774 6.88 5.77
Derived Load factor (%) 81.85 79.19 78.23

As evident fronTable 4.1, CAGR of electrical energy requirement from 2all6to 202122 works out to 6.18 % and
the CAGR of electrical energy requirement from 2@21to 202627 works out to 5.51 %. The CAGR of electrical
energy requirement in the counfrpm the year 20141 to 201516 has been 5.28 %.

CAGR of electrical energy consumption from 216 to 202122 works out to 7.15 % and the CAGR of electrical
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energy consumption from 2022 to 202627 works out to 6.03 %. The percentage increase irrieelcenergy
requirement is less than the increase in electricity consumption on account of reduction in T&D losses.

4.4.2 Regionwise electricity demand projection for the years 20147, 202122 &
202627

The regioawise summary of electrical energy requirement and peak electricity demand for the yeat3 2205122
and 202627 is given inTable 4.2

Table 4.2

Regionwise electrical energy requirement & peak electricity demand for the years 20167,2021-22 & 202627
as per 19th EPS Report

_ Electrical Energy Requirement (MU) Peak Electricity Demand (MW)
regen 201617 202122 202627 201617 202122 202627
Northern 356,521 468,196 616,345 55,596 73,770 97,182
Western 352,304 481,501 627,624 50,141 71,020 94,825
Southern 307,047 420,753 550,992 44,782 62,975 83,652
Eastern 128,300 171,228 217,468 20,883 28,046 35,674
North - Eastern 15,876 23,809 34,301 2,810 4,499 6,710
(Sléj(;:]ti%tri) 1160,048 1565,487 2046,730 161,757 225,643 298,632
A&N Islands 329 475 632 67 97 129
Lakshadweep 52 62 73 10 11 13
All-India 1160,429 1566,023 2047,434 161,834 225,751 298,774

State/UTFwise details of electrical energy requirementijeis) and peak electricity demand for the years 201,021

22 and 202&7 is given aAnnexure-4.1 andAnnexure-4.2 respectively.

The electricity demand projection carried out by the Ele&awer Survey Committee, covers electricity demand only

for the utility system. The projections do not include the portion of electricity demand of Industries and other consumers
that would be met from captive power plants

4.5 CAPTIVE POWER PLANTS (CPP)

Large number of captive power plants includinggemeration power plants of varied type and sizes exist in the country
which is either utilized in process industry or fothouse consumption. Some plants are also installed as standby units
for operationonly during emergencies when the grid supply is not available. Captive power plants including co
generation power plants, therefore play a suppl ementar

4.5.1 Installed Capacity and ElectricityGeneration from Captive Power Plants

Captive plants over the years have been evolved from plants owned by single promoter to group captive to the medium
of maximizing the benefit by selling its surplus power. The Installed Capacity of Captive Powsr (fl&nV and

above) was 44,657 MW as of BMarch, 2015. The gross electricity generation from captive power plants during the
year 201415 was 162 BU. Details of the same are givehable 4.3
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Table 4.3
Mode wise installed capacity and electricity gemation from Captive Power Plants
(1 MW and above as on 31st March, 2015)

Sl. No. Mode Installed Capacity Electricity Generation
(1 MW & above) (MU)
(MW) in the year 201415
1 Hydro 65.09 144.69
2 Steam 26,088.59 1,28,401.06
3 Diesel 13,309.73 12,376.00
4 Gas 5,193.44 21,135.25
Total 44,656.85 1,62,05700

4.5.2 Status of Captive GenerationSelf Use by the Industry and Electrical Energy exported to the Grid

In view of the thrust being given to captive plants and also due to the liberal provisions of the Electricity Act, 2003,
encouraging feeding of surplus electricity into the grid, the captive power plants have also been feeding electricity into
the grid. Deails of the same are givenTrable 4.4

Table 4.4
Installed Capacity of Captive Power Plants, electricity generation and electricity fed into the Grid
Installed Capacity Net Ele_ctrlcny E_Iectrlcny use_d by Electricity
. Generation from industry having exported to
of Captive Power . -
Plants (MW) Captive Power CPP for self use utilities
Plants (MU) (MU) (MU)
200910 31,516.87 97,444.67 88,412.33 9,032.34
201011 34,444.12 1,10,326.40 96,098.37 14,228.03
201112 39,375.37 1,22,524.78 1,12,261.61 10,263.17
201213 40,726.39 1,31,511.93 1,15,457.79 16,054.14
201314 42,257.87 1,36,301.05 1,22,300.32 14,000.73
201415 44,656.85 1,47,468.49 1,34,271.80 13,196.69

With improvement in grid supply, a scenario of grid supply partially replacing the supply from captive power plants has
been worked oufTable 4.5and4.6 shows the scenario of forecast of sedk energy which will be met out of CPP
generation (MU) from @16-17 to 202627 without any transfer of industrial consumption to the utility grid and the
forecast of sefuse energy which will be met out of captive generation with transfer of 15% electrical energy from CPP
to utility grid in the year 20222 and trasfer of 25 % electrical energy from CPP to utility grid in the year 2026
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Table 4.5
Forecast of energy consumption (seffise) from CPP generation
Reduction of Net'electrif:ity consumed
CPP generation for self Electricity consumed by mdustrles from CPP
Year use from CPP by transfer to after partlal transfer to
(MU) grid supply grid supply
) (ML)
201617 1,59,675 0 1,59,675
202122 2,34,627 15 1,99,433
202627 3,39,382 25 2,54,987
Table 4.6
Forecast ofelectrical energy requirement considering transfer of electricity consumed by
industries from captive power plants to grid supply
Increase of energy Revised electrical energy
. requirement by industries requirement on altindia
I_Electncal E'T‘?.r ay from utility grid due to partial basis considering partial
y g p ap
Year Requirement (Utllities-grid transfer of energy consumed | transfer of energy consumed
supply) y €0 X . energy .
(MU) from CPP to the utility grid by industries from captive
(includes T&D losses) power plants
(MU) to grid supply (MU)
201617 11,60,429 0 11,60,429
202122 15,66,023 41,163 16,07,186
202627 20,47,434 97,634 21,45,068

If 15% and 25% of the electricity consumed by industries from captive power plants is transferred to the utility grid in
the years 20222 and 2027 respectively, it is estimated that additional electrical energy of about 41 BU in the year
2021-22 and 97 BU in the year 2024 would be required by industries from the utility grid.

However, since the electricity tariff fandustrial and commercial consumers are high at present as these are cross
subsidizing small consumers, it may be cheaper for industrial and commercial consumers to take power from their own
captive power plants. Indeed, there has been increasing ititesestip or take equity in captive power plants, signifying

a shift away from grid supply. Therefore, the above is not considered as a likely scenario in electricity demand
projections.

4.6 CONCLUSIONS

The electrical energy requirement and peddctricity demand on alhdia basis has been taken as per tHé EBS

Report to work out the generation capacity addition requirement. The EPS exercise involves all stakeholders and an
extensive exercise has been done. Distribution company wise d@fgcteimand projection has been carried out to arrive

at the State, region and the-adtidia electricity demand projection. Electrical energy requirement and peak electricity
demand on allndia basis adopted for generation expansion planning exerciseliglar:

Year Electrical Energy Peak Electricity
Requirement (MU) Demand (MW)
2021-22 1566,023 2,25,751
202627 2047,434 2,98,774
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Annexure- 4.1
STATE-WISE/UT-WISE ELECTRICAL ENERGY REQUIREMENT (UTILITIES) (EX -BUS) (MU)

State/UTs 201617 202122 202627
Delhi 31937 37778 44267
Haryana 48991 63618 85743
Himachal Pradesh 9726 11866 14576
Jammu & Kashmir 14871 18819 25254
Punjab 54118 72392 95658
Rajasthan 73222 91216 126290
Uttar Pradesh 108070 150797 195323
Uttarakhand 13712 19406 26480
Chandigarh 1876 2304 2756
Northern Region 356521 468196 616345
Goa 4236 5593 6932
Gujarat 98376 136159 178693
Chhattisgarh 27167 37840 51088
Madhya Pradesh 68588 99871 125394
Maharashtra 145396 189983 249628
D. & N. Haveli 6550 9343 12373
Daman & Diu 1991 2712 3517
Western Region 352304 481501 627624
Andhra Pradesh 54673 78540 111485
Telangana 52695 84603 104345
Karnataka 66146 85932 110368
Kerala 24622 31371 39357
Tamil Nadu 105923 136643 180989
Puducherry 2990 3664 4448
Southern Region 307047 420753 550992
Bihar 21599 38416 54363
Jharkhand 22847 30649 39252
Odisha 26028 32164 37453
West Bengal 57342 69361 85590
Sikkim 484 638 810
Eastern Region 128300 171228 217468
Assam 8997 14051 20462
Manipur 1240 2103 3300
Meghalaya 2094 2566 3177
Nagaland 815 1129 1524
Tripura 1265 1595 1930
Arunachal Pradesh 886 1498 2601
Mizoram 580 866 1307
North- Eastern Region 15876 23809 34301
Andaman & Nicobar 329 475 632
Islands

Lakshadweep 52 62 73
All - India (Electrical 1160,429 1566,023 2047,434

Energy Requirement)
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Annexure-4.2
STATE-WISE/UT-WISE PEAK ELECTRICITY DEMAND (UTILITIES) (MW)

State/UTs 201617 202122 202627
Delhi 6318 7471 8751
Haryana 9428 12222 16451
Himachal Pradesh 1555 1898 2331
Jammu & Kashmir 2278 3095 4482
Punjab 11551 14886 18809
Rajasthan 11535 14435 20131
Uttar Pradesh 16067 23664 31064
Uttarakhand 2153 3180 4538
Chandigarh 400 491 587
Northern Region 55596 73770 97182
Goa 624 858 1096
Gujarat 15373 21429 28387
Chhattisgarh 4348 6208 8518
Madhya Pradesh 10766 15676 19682
Maharashtra 20446 28866 39828
D. & N. Haveli 861 1291 1798
Daman & Diu 313 426 553
Western Region 50141 71020 94825
Andhra Pradesh 8245 11843 16820
Telangana 8300 14499 18653
Karnataka 10895 14271 18481
Kerala 4131 5263 6603
Tamil Nadu 15412 20273 27392
Puducherry 476 583 708
Southern Region 44782 62975 83652
Bihar 3607 6576 9308
Jharkhand 3905 5193 6626
Odisha 4306 5340 6273
West Bengal 10383 12688 15680
Sikkim 129 170 216
Eastern Region 20883 28046 35674
Assam 1550 2713 4166
Manipur 232 410 667
Meghalaya 399 488 605
Nagaland 166 234 322
Tripura 297 391 495
Arunachal Pradesh 164 278 482
Mizoram 118 171 252
North Eastern Region 2810 4499 6710
Andaman & Nicobar Islands 67 97 129
Lakshadweep 10 11 13
All - India (Peak Electricity 161,834 225,751 298,774
Demand)
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CHAPTER 5
GENERATION PLANNING
5.0 INTRODUCTION

Electricity is one of the key enablers for achieving s@tionomic development of the country. Amongst various modes
adopted for meeting the ever increasing demand of power to achieve the targeted growth rate, Generation capacity
augmetration is the most vital component. The economic growth leads to growth in demand of power. To meet this
demand, in view of the limited available fuel resources for generation, capacity addition has to be planned very
optimally.

During the 19 Plan (201217), a capacity addition of 99,209 MW was commissioned against target of 88,537 MW from
conventional sources. It is for the first time in the history of the Indian power sector that such a large capacity addition
during a single plan period washieved which is 112 % of the target. Durind Jilan the achievement in capacity
addition was 69.84% of the target.

This chapter highlights the Principles and Methodology of Generation Planning adopted to assess the capacity addition
required from cowentional energy sources by the end of year 222 and 202&7. Capacity addition target from non
conventional energy resources has also been considered.

5.1 OPTIONS FOR POWER GENERATION IN INDIA

Coal is the major source for power generation in our tgwamd since Low Carbon Growth Strategy has to be followed,
other generation options need to be harnessed in the most optimum manner.

Fuel Options available for Power Generation are:

1 Conventional SourcésCoal and lignite, Hydro, Nuclear, Natural gas
1 NonConventional Renewable Energy Sourc8selar, Wind, Biomass, small hydro, tidal, Geothermal, Waste to
energy, Hydrogen/ fuel cells, etc.

5.2 GENERATION FROM CONVENTIONAL SOURCES IN INDIA
5.2.1 Hydro

Total Hydro Electric Power potential in the coyntras assessed as 84,044 MW (at 60% load factor) from a total of

845 number of identified Hydro Electric Schemes, which when fully developed would result in an installed capacity of
about 1,48,701 MW on the basis of probable average load factor. Thertetgl potential is assessed as 600 billion

units per year. Hydropower is used to its maximum potential for meeting peak loads and all new projects must be
designed with this objective i n mildctricpdtetislemniiletechnicallye f ul |
feasible, faces various issues including issues of water rights, resettlement of project affected people and environmental
concerns etc. and all these issues need to be resolved to exploit full potential. As on 31.03.2017|ateapstaity

of hydroelectric power plants in the country was 44,478 MW which is 13.6% of the total installed capacity of the country.

5.2.2 Nuclear

Presently, Nuclear Power Corporation India Limited is operating 21 reactors with an installed c#&&80 MW.

Out of these 21 reactors, presently 13 reactors with an installed capacity of 4,280 MW are under IAEA Safeguards and
use imported fuel. Remaining 8 reactors with an installed capacity of 2,400 MW use indigenous fuel. In addition to
above, a 10 MW PHWR RAPP 1 is under long term shutdown since 2004. As on 31.03.2017, the installed capacity of
Nuclear power plants in the country was 6,780 MW which is 2.1% of the total installed capacity of the country.

5.2.3 Gas

Addition of gas based capacity considered necessary to reduce; @@issions and to utilise their capability to fast
rampup and ramgdown. The advantage of fast ramping capability becomes more important in view of large scale
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integration of renewable energy. Modern combined cycldighmes (CCGTs) have high efficiency of around 55% as
compared to coal based plants (Gross efficiency of supercritical units is about 40%). Gas turbines/Engines could be
located near the load centre with a view to minimize the requirement of transnsigstem and could be operated in a
manner so as to maximize the output during the peak hours and minimize duringptbakoffours.

However, the production and supply of gas had not been keeping pace with the growing demand of natural gas in the
country, including power sector. The gas supply for gas based power stations in the country is inadequate and the country
is facing huge generation loss. Presently, existing gas based power plants are operating at very low PLF of about 23%
and few gas based powaants are lying idle due to neavailability of domestic natural gas.

As on 31.03.2017, the installed capacity of gas based power stations was 26,167 MW (including liquid based) which is
8 % of the total installed capacity of the country.

5.2.4 CoalLignite

Coal based power generation is backbone of Indian Power sector and will continue to dominate power generation in the
country. Due to environmental concerns, clean coal technologies such as supercritical technology has been adopted.
Capacity totalhg to about 35,230 MVidased on Super critical technology has been commissioned dufipdaih2

Lignite is available at limited locations such as Neyveli in Tamil Nadu, Surat, Akrimota in Gujarat and Barsingsar,
Palana, Bithnok in Rajasthan. Since, ltgris available at a relatively shallow depth and is-tiansferable, its use for
power generation at pithead stations is found to be attractive.

The coal based installed capacity was 1,92,162.88 MW as on 31.03.2017 which was almost 58.8% oihttaltetal
capacity of the country.

5.3 GENERATION FROM RENEWABLE ENERGY SOURCES

The installed capacity from renewable energy sources was 57,244 MW as on 31.08l20&bf Renewable Energy
Sources (RES) in the total installed capacity was about 17.5 %. However, the share of renewables will substantially
increase in coming years due to major thrust given by Government of India in promoting Renewable energy sources on
account of these sources being clean and green energy.

India is one of the best recipient of solar energy due to its location in the solar belt and has vast solar potential of 749
GW for power generation. Also, India has substantial wind potentid@d®fGMW due to its long coastline. Based on the
availability of biomass, the potential of power generation from bio mass has been assessed as around 25 GW. Small
hydro of capacity up to 25 MW has a power generation potential of around 20 GW.

However, gearation from renewable energy sources especially solar and wind is variable in nature and therefore,
requires huge balancing capacity in the system.

5.4 PRINCIPLES OF GENERATION PLANNING
The major aspects considered in planning process are:

1  Toachieve sustainable development.

1  Power Generation Capacity to meet the demand pattern.

1  To fulfil desired operational characteristics of the system (to meet varying demand) such as reliability and
flexibility.

1  Most efficient use of resource i.e. adoptidiatest technological advancements in coal based generation, etc.

1  Fuel availability.

1 Integration of Non Dispatchable Renewable Energy Sources.

The above aspects have been considered within realms of feasibility, while drawing up this National ¥ERIetnicit
along with the economics and the status of the various projects.
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5.4.1 Sustainable Development

The importance and relevance of power development within the confines of Clean and Green Power is the most essential
element. Such a development depemgbon the choice of an appropriate fuel / technology for power generation.
Accordingly, the Plan takes into account the development of Hydro projects and projects based on renewable energy
sources as well as other measures and technologies promotirigatlstdevelopment in the country.

5.4.2 Operational Flexibility and Reliability

Generating units utilising different fuels have different operational characteristics. The fuel sources and their respective
technologies of power generation are multiphel @aried. The demand of our electric system varies with time of the

day, season, year and the spatial location. Therefore, matching the generation with demand at all instances of time
requires not only installation of adequate capacity but also to bitiwens the type of generation capacity, each with

its unique characteristics of altering its output and the time taken to do so. Accordingly, this requirement of the system
also needs to be considered when deciding upon the type of generation. tefer¢h@ecessary to widen the scope of

the planning process to take into account aspects of
quantum of power.

5.4.2.1 Reliability of Power

Reliable power system operation requires condvatencing of supply and demand in accordance with established
operating criteria such as maintaining system voltages and frequency within acceptable limits. Changes in customer
demand and generation from renewable energy sources throughout the dagrathe seasons are met by controlling
generation from conventional sources when needed.

To achieve reliability in the system, adequate reserve capacity, spinning as welsapénmamy, needs to be planned in
the system. Aspects related to the operatievnership, modalities and nature of reserves also need to be determined.

The National Electricity Policy,2005 stipulates creation of spinning reserve of 5% in our system. This has been
considered while planning capacity addition requirement during the year220did 20227.

5.4.2.2 Flexibility of operation

A system thais designed for badead generation may lack the characteristics to respond dynamically or efficiently to

the variation in demand within a short time. Apart from variation in demand, there is expected to be wide variability in
generation from renewable engy plants. Since system stability requires matching of generation with the demand at
any instance of time, a certain degree of flexibility in terms of ability of the generators to respond rapidly to thg changin
demand and generation from renewable gnsources must be introduced into the system through appropriate power
generating plants and financial mechanism. System should also be able to meet additional demand which arises due to
unexpected demand fluctuations and sudden outages of some generiting

5.4.3 Efficient Use of Resources

The fossil fuels for power generation are scarce and must therefore be used most judiciously. From the point of view of
environment also, it is essential that energy produced per kcal of fuel is maximueneixteht possible. This would
minimize the pollution caused during the process of power production.

5.5 PLANNING TOOLS - DETAILS OF PLANNING MODELS

Generation expansion studies have been cHecticiGendatoout i n
Expansi on Anal y s iSalienSfgatutesoftie Plarmmi@geode) are discussed below.

The Electric Generation Expansion Analysis System (EGEAS) is a software package for expansion planning of an
electric generation system. In this plarmimodel the operation of the power system is simulated probabilistically. The
load on the power system is represented both in terms of magnitude and time variation. The model yields the reliability
indices, namely théossOf-Load-Probability (LOLP), the expected value dnergy-Not-Served (ENS),and the

reserve margin for an expansion power plan by minimizing the objective function which is the present Wpttile of
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costs associated with operation of the existing and committed generating S2atio@sannualized/ levelised capital

cost and operating cost of new generating stations3aandst of energy not served. The EGEAS model is capable of
giving a number of expansion plans along with their objective functions and the reliability indicastqrlas. The

optimal power plan is that plan for which the reliability indices are satisfied in accordance with criteria laid down by the
planner, and the objective function is the lowest.

The EGEAS model, beingssentially deterministio nature, proides for long range generation expansion planning as
it yields very useful quantitative measures of reliability of power supply several years into the future, and at the same

time gives an indication of the total cost of operating the existing and comhigétterating stationsnd installing and
operating the newenerating stationsBlock Diagram showing various data flows is showiExhibit 5.1.

Exhibit 5.1

OPTIMISATION CONSTRAINTS

INPUT DATA ASSUMPTION

*PLANNING RESERVE MARGIN, LOLP,ENS
*DEMAND AND ENERGY FORECAST

*RESOURCE AVAILABILITY
*FUEL COST AND CALORIFIC VALUE

*RETIREMENT

EXISTING RESOURCE DATA

UNIT CAPACITY NEW RESOURCES DATA

AUXULIARY CONSUMPTION

HEAT RATE -

OUTAGE RATE

| * CAPITAL COST

* FIXED CHARGE

* YEAR OF AVAILABILITY

O&M COST

» AMOUNT, TYPE, TIMING OF NEW RESOURCES ANNUAL FIXED CHARGE FOR THE NEW UNITS
ANNUAL TONNAGE OF EACH EMISSION TYPE

* TOTAL SYSTEM NPV OF COST ANNUAL ENERGY GENERATED BY EACH FUEL TYPE
ANNUAL SYSTEM CAPACITY AND GENERATION SYSTEM

* ANNUAL PRODUCTION COST OF THE SYSTEM RELIABILITY

Subsequently, the study results were validated using another generation expansion pladaingamely ORDENA .
The ORDENA model has following capabilities:

A The model performs Generation Expansion Planning, P
renewable energy sources through generation expansion planning.

A T h el optimizeg transportation of fuel, transmission of power and emissions from power plants while addressing
system reliability issues like Loss of Load Probability(LOLP) and Energy Not Served(ENS). The software also does
hourby-hour simulation while recogging the constraints of dispatch on generation imposed by the transmission
system.

A - The model has t he c-lgaashudids iag well as Studiesafor reach Btage/Ud aonsideXihgl
import/export of power from one state to another state.
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5.6 PLANNING APPROACH

Planning approach has been to meet the peak demand and energy requirements. In view of generation being delicensed
and high capacity addition programme from Renewable Energy sources, it becomes imperative to plan for more optimal
mixof basel oad capacities, peaking capacity and reseFrve caf
powerd requirement, while the others wildl provide the
tool to take care ointermittency of renewable generation, seasonal spikes ordfiiday variations expected and
unexpected in electricity demand. The dynamic response characteristics of such a balanced system would be far superior
and would contribute to higher relialyli

As unscheduled intra and integgional transfers would pose challenges and therefore a right mix of base load and
flexible generating units must preferably be determined and planned for, at the level of the State grid itself. This will
ensure the el rapid, reatime response to local peaking needs and variation in generation from RES.

The Planning Approach followed is in the following sequence:

5.6.1 All India Peak Demand and Energy requirement forecast
Generation expansion planning studies have lweened out based on the Electricity demand assessed by the 19

Electric Power Survey (EPS) Report. The estimated peak demand (MW) and Energy requirement (BU) in the years
202122 and 20287 are given imable 5.1

Table 5.1
Projected Electricity Demand (as per 19th EPS)
Year Energy Requirement Peak Demand
(BU) (GW)
202122 1566 225.751
202627 2047 298.774

5.6.2 Preparation of All India Load profile

The demand data was collected for past three years-(21201213 and201314) on hourly basis (8760 hrs) from

various Regional Load Dispatch Centres. The hourly data was analysed and corrected for any discrepancies in terms of
load shedding, frequency correction, scheduled power cuts and any data errors. Further, Bdaddieofile for the

year 202122 and 20287 was generated based on respective projected Peak Demand and Energy Requirement.

In view of the massive capacity addition programme from renewable energy sources (Solar and wind) during the years
from 201718 202122, the All India Net load curve was obtained from the All India Load profile by treating
generation from renewable energy sources as negative load.

The methodol ogy adopted for arriving at naAll I ndi a Net

1) Collection of htest available hourly generation profile data for 8760 hrs of existing solar and wind power
projects of various States.

2) Estimating Hourly generation profile data for States where profile was not available by taking inputs from
various studies carried bhy MNRE.

3) Normalising Hourly generation profile of Solar and Wind plants.

4) Scaling up the hourly generation by proposed capacity addition of each State/UTs including solar rooftops.

5) Aggregating the hourly generation profile of all the States where SothiWind power capacity addition is
envisaged.

6) Generate All India Net hourly load profile by treating renewable energy generation as negative load.

All India hourly load profile and Net load curve (Duck Curve) is showBxhibit 5.2.
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Exhibit 5.2
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Based on the All India load profile and All India Net Load Curve, projected All India Load Duration curve and All India

Net Load Duration curve have been generated and are shdahilit 5.3 andExhibit 5.4 respectively.

Exhibit 5.3

All India Load Duration Curve
2021-22
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Exhibit 5.4
All India Net Load Duration Curve
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FromExhibit 5.4, it is seen that the system becomes peakier in view of large capacity addition from renewable energy
sources.

5.6.3 Reserve capacity

As stipulated by National Electricity Policy 2005, 5% Spinning Reserve is to be provided. The requirement of this
Reserve Capacity has been incorporated in the studies by correspondingly reducing availability of conventional plants
by 5%. It has been éstated that the likely installed capacity in 2622 would be around 479 GW. Of this, RES will
contribute around 175 GW. Therefore, 304 GW may be the likely installed capacity from the conventional sources of
this, i.e. 15 GW, has been kept as reservaafp while doing the Generation Planning.

5.6.4 Generation Expansion Studies

The All India Net load curve has been used to carry out generation expansion studies by EGEAS Software. The estimated
energy generation and contribution towards Peak Demand from(®#& + Wind) has been reduced from projected
Energy requirement and Peak Demand figures as only net load is required to be met through conventional energy
sources.

Hydro and Nuclear projects were accorded priority and considered as must run pro@otewmt of their inherent
advantages. However, due to ravailability of natural gas, gas based power plants have been restricted to lower PLF.
The studies result in the capacity addition requirement of coal based projects to meet the projected Hirerggmeq

and Peak demand considering given reliability criteria.

5.6.5 Retirement of old thermal units
Information was compiled in respect of old thermal power plants which have already retired and plants likely to be
considered for retirement in future.

for
of

In the base case scenario, a coal based capacity of 22,716 MW (5,927 MW + 16,789 MW) is considered
retirement during 2017-22. This is based upon the assessment made by CEA which consists of 5,927 MW
capacity assuming that the normal trend of past rérement process would continue along with a coal based
capacity of 16,789 MW which doesnét have space folr in
curb SOx emissions. The list of these units considered for retirement during 20P2(22,716MW) is placed at
Annexure 5.5 and Annexure 5.5(A) respectively.

Additionally, a coal based capacity of 25,572 MW, has been considered for retirement during 2622which will
be completing 25 years of operation by March,2027. The list of these units is given in Annexure 5.6.
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5.7 NORMS ADOPTED FOR RELIABILITY CRITERIA

The Power Syem is planned to meet the forecasted demand while ensuring an expected level of reliability.
Reliability is a measure of the ability of a system to perform its designated function under the designed conditions.
In our Studies, Loss of Load Probability (LB) is the criteria adopted to reflect the capacity of the system to meet

the peak load and Energy Not Served (ENS) to reflect the Energy Requirement not met in the System. LOLP is the
probability that a system will fail to meet its peak load under theifipe: operating conditions. It is the proportion

of days per year or hours per year when the available generating capacity is insufficient to serve the peak demand.
This index is dimensionless and can also be expressed as a percentage.

ENS is the expected amount of energy which the system will be unable to supply to the consumers as a fraction of
the total energy requirement. This index again is dimensionless and can also be expressed as a percentage. In other
words, this indicate as tow many units of energy requirement in a year are not met and correspondingly how many
hours in a year the power demand is not met. Various countries in the world have adopted their own Reliability
Criteria depending upon the status of their power systedrthe price affordability of the consumers to pay for the
reliability of the system. It is evident that a more stringent and reliable system would yield higher cost of electricity
which has to be borne by the consumer. Details of LOLP adopted in sonteepare as given ifable 5.2

Table 5.2
LOLP of some countries

Name of country LOLP(%)
Cambodia 1.8
Laos 0.27
Thailand 0.27
Vietham 0.27
Hong Kong 0.006
Belgium 0.2
USA 0.03
China 0.14

Source: Information collected from websites of abowentries

As proposed in previous National Electricity Plan, LOLP of 0.2% and the Energy Not Served (ENS) of 0.05% has been
adopted for preparation of this National Electricity Plan (NEP).

5.8 PLANNING NORMS

The planning studies require accurate performance parameters of various types of generating units to assess their
availability and energy generation capabilities. The peaking availability and energy generation capacity are important
parameters for meetintpe projected demand of the country including various regions. The key performance factors
required for the planning studies are the auxiliary power consumption, heat rate, capital cost of the generating units, fuel
cost, gross calorific value, O&M scheds| etc. Different types of generating units have varied operational performance
and accordingly different norms have been used for thermal (coal and lignite), combined cycle gas projects, hydro and
nuclear projects. The generation planning norms for rdiffesizes of thermal units are different. Accordingly, separate
categories based on unit sizes have been derived. Many higher size units of 660 MW and 800 MW have been
commissioned and have been treated as separate groups. Combined Cycle Gas TurbifeareC@®y efficient and

have lower heat rates, however, their availability and PLF depend on the availability of natural gas. The energy of the
hydro units has been taken on the basis of the designed energy of the project in 90% dependable yeaindhe peak
availability, auxiliary power consumption, heat rate for various types of generating units, as considered in the expansion
planning studies are given Trable 5.3 Table 5.4andTable 5.5

5.8.1 Peaking Availability

The peaking availability (gross¥ the various types of generating units is giveiiatle 5.3.
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Table 5.3
Peaking availability (Gross) of the Generating units
(Figures in %)

Unit Size Existing Units Future Units
Thermal (Coal) 800/660 MW 88 88
500/250/210/200 MW 85 85
Below 200 MW 75 85
Below 200 MW operating below 20 ¢ 50 -
PLF at present
Gas Based OCGT all sizes 90 90
CCGT all sizes 88 88
DG Sets All sizes 75 75
Lignite Based All sizes 80 80
Nuclear All sizes 68 68
Hydro All sizes 87.5 87.5

5.8.2 Auxiliary Power Consumption

The auxiliary consumption of various types of generating units are givieabie 5.4.

|
1
2.
3.
4
5

Table 5.4
Auxiliary Consumption of Generating Units
(Figures in %)

Coal Based Power stations Auxiliary Power Consumption
800/660 MW class units 5.75
500 MW class units 5.75
300/250/210/200 MW class units 9
Below 200 MW units 9
Lignite based units 10.5 for <200 MW

9 for >200 MW
Gas Based Power Stations

Combined cycle 2.5
Open cycle 1.0

DG sets/Gas Engines 1.0
Hydro Power Stations 0.7
Nuclear Power Stations

160 MW BWR 9

220 MW PHWR 10.5t0 11.75
540 MW PHWR 10.2
1000 MW LWR 7.8

5.8.3Machine Heat Rate

The machine heat rates (gross) for various thermal units are giveabie 5.5.
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Table 5.5
Heat Rates (Gross) of Thermal Units
(Figures in Kcal/kwh)

Unit Size Gross Heat rate(kcal/kwh)
800 MW (Coal) 2225
660 MW (Coal) 2250
660MW(Sipat+Barh) (Coal) 2300
500 MW (Coal) 2365
200/210/250 MW KWU(Coal) 2400
200/210/250 MW LMZ(Coal) 2500
110 MW (Coal) 2500
250/210/ MW (Lignite) 2580
Below 150 MW (Lignite) 2600
Combined cycle Gas turbine 2000
Open cycle Gas turbine/DG Sets 2900
Combined Cycle Gas Engines 2000

5.8.4 Financial Parameters

Table 5.6
Financial Parameters
(Figures in %)

S.NO ITEM VALUE
1 DEBT - % OF CAPITAL COST 70
2 EQUITY - % OF CAPIT AL COST 30
3 INTEREST ON DEBT 11.5
4 RETURN ON EQUITY 15.5+Tax
5 DISCOUNT RATE 9.0
6 O&M CHARGES POWER PL ANT As per latest CERC norms
7 DEPRECIATION - POWER PLANT 5.28 for 12 years
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5.9  GENERATION EXPANSION PLANNING DURING THE YEARS 2017 -22 AND 202227
(BASE CASE)

A Study using Computer Model Electric Generation Expansion Analysis System (EGEAS) programme was carried out
to assess the installed capacity required to meet the demanctiprgeand projected All India Net load curve for the
year 202122 and 202&7. The Studies are based on the following assumptions:

1 Electricity Demand projections considered

Table 5.7.1
Electricity Demand Projections for 202122
En'ergy Peak Demand
Year Requirement (GW)
(BU)
(Demand CAGR: 6.18%)
202122 | 1566 | 225.751
(Demand CAGR: 7.18%)
202122 | 1641 | 236.602
Table 5.7.2
Electricity Demand Projections for 202627
En_ergy Peak Demand
Year Requirement (GW)
(BU)
202627 2047 298.774

1 Installed Capacity from conventional and renewable sources as on 31.03.2017

Table 5.8
Installed Capacity as on 31.03.2017
(Figures in MW)

Installed
Source Capacity as on
31.03.2017

Coal 1,92,163
Gas 26,167

Total Thermal 2,18,330
Hydro 44,478
Nuclear 6,780

Total Conventional 2,69,588
Solar 12,289
Wind 32,280
Others 12,675
Total RES 57,244

Total 3,26,832

1 Capacity addition from conventional energy sources duriffigP12n (201217) is99,209 MW. (Thermal 91,730
MW, Hydro, 5479.02 MW and Nuclear 2,000 MW).

1 As per CEA assessment a coal based capacity of 9,456.5 MW could be retired by the end of 2022 out of which a
capacity of 3,530 MW has already been retired. The remaining capacity of 5,92fas\been considered for
retirement by March,202Further, a coal based capacity of 16,789 MW (101 units) (as on August,2017) not having
sufficient space for installation of FGD to control SOx emissions has been identified. In view of the latest
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environmetal norms by MoEF, this capacity may have to be retired by 2ZDB2.list of units considered for
retirement during 20322 is placed afnnexure 5.5 Annexure 5.5(A)respectively.

1 Additionally, a capacity of 25,572 MW shall be completing more than 25 yafatheir age by 2027 and would
have outlived their utility. This capacity of 25,572 MW has been considered for retirement durin@720P2e
list of units considered for retirement during 2€22is placed afnnexure 5.6

Table 5.9
Retirement of CoalBased Units

Years Coal Capacity Retired (MW)
201722 22,716
202227 25,572

1 Studies have been carried out correspondingE8 installed capacity of 1,75,000 MW, by 26224 as shown in
Table 5.10below:

Table 5.10
Expected RES Capacity addition from 201722
(All figures in MW)

RES Target RES IC as | RES Installed Capacity Expected RES Capacity
Category on 31.03.2022 as on 31.03.2017 addition from 2017-22
Solar 1,00,000 12,289 87,711
wind 60,000 32,280 27,720
Biomass 10,000 8295 1,705
Small Hydro 5,000 4380 620
Total 1,75,000 57244 1,17,756

Anticipated capacity addition from renewable energy sources duringZ0&2considered to be @f00,000 MW

(50,000 MW Solar,40,000 MWWind, 7,000 MW Biomass an@®,000 MW Small Hydro)

The likely generation considered from Variable Renewable Energy Sources (Solar and Wind) by the en@®f 2021

and 202627 is given inTable 5.11below:

Table 5.11
Expected RES basedeneration
RES energy RES energy
. ibuti Generation tribution
Generation (BU contribution con
RES Category (2021 22() ) (%) (BU) (%)
(2026:27)

Solar 162 10.3 243 11.9

wind 112 7.2 188 9.1
Bio mass & SHP 52 3.3 87 4.3

Total 326 20.1 518 24.4

=A =4 =4 -4 -4

Table 5.12below:

5% spinning reserveas stipulated by National Electricity Policy.
Reliability Criteria- Loss of Load Probability L OL P )
Priority given to hydro projects followed by nuclear and gas based projects.
Seasonal Studies have beerriegrout with a view to ensure demand being met in all the seasons.
Projects of various fuel types considered to be committed in the study durin@2@hd 20227 are given in the

énd Bnergy%lot ServgdENS) O 0.
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Table 5.12
Committed Units
(All Figures in MW)

Year Hydro(MW) Gas(MW) Nuclear(MW) Hydro Import(MW)
201722 6,823 406 3,300 4,356
202227 12,000 0 6,800 17,244

1 Likely Capacity Addition
a) Hydro

Considering the status of various hydro projects, a hydro capacity addition of about§\8i23ikely during the
years 201722. Details of hydro projects are furnisheddimnexure 5.1.

Additionally, hydro projects totalling to 12,000 MW have been considered for likely benefit during the years 2022
27.

The hydro projects have been consider®dhast run in the studies in line with our Low Carbon Growth Strategy.

b) Nuclear

A nuclear capacity addition of 3,300 MW has been considered for the perioeR204S per the information
furnished by DOAE. Details are furnishedfatnexure 5.2.

A nuclea capacity addition of 6,800 MW during the years 2@Z2has been considered as per the programme of
Department of Atomic Energy. Details are furnishedmtexure 5.3.

c) Thermal

U Gas Based Plants

In view of acute shortage of natural gas in the countrygny gas based power plant are running at very low
Plant Load Factor. Aapacity of around06 MW is ready for commissionirignder constructiobut stranded
due to noravailability of natural gasThe plants have been considered available during the yeat22 for

the purpose oftudies Also, as the availability of gas is uncertamo additional gas based projects have been
considered during the year 2022.

U Coal based Plants
The balance capacity (after considering the committed capacity additiorhydro, nuclear, gas and RES) to
meet the projected demand is proposed to be met from coal based power plants.

1 Imports:
As shown in Table 5.12, the electricity hydro imports from neighbouring countries during220aie
expected to bé,356 MW. The list of these projects is placedanexure 5.7. Net electricity (Hydro) imports
from neighbouring countries during 2027 are given in th&able 5.13below:

Table 5.13
Hydro Imports and Exports till 2026-27
(All figures in MW)

Bangladesh Nepal Pakistan Bhutan Total
Export 1,500 400 500 2,400
Import 10,000 14,000 24,000
Net Imports 21,600
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5.10RESULTS OF GENERATION EXPANSION PLANNING STUDIES FOR THE PERIOD 2017- 22 AND
202227

The studies were carried out to assess the total capacity addition requirement to meet the projected demand in the year
202122 and 202&7 with the assumptions mentioned in para 5.9. Hydro, Gas and Nuclear based capacity are given the
foremost priority de to their inherent advantages towards a Low Carbon Growth Strategy. Therefore, capacity from
these sources which is likely to materialise during the year-2@1ahd 20227 has been considered as must run in the
various scenarios. Renewable capacitydias been considered as must run capacity.
Details from the study results, with energy generated by coal based power plants, their average PLF (with likely capacity
addition of 47,855 MW from coal based power pladtsriexure 5.4) already under construah, for benefits during
201722) are shown in th€ables 5.14(a), (bjnd(c) given below
Table 5.14(a)
Committed Capacity Addition during 2017-22 and 202227

Committed Capacity Addition
Years (MW) Committed RES Retirement
Installed (MW)
Hydro Nuclear Gas Capacity(MW)
201722 6,823 3,300 406 1,75,000 ( 22,716
202227 12,000 6,800 0 2,75, 000 25,572

With this committed capacity addition, retirements, etc., the additional coal based capacity reqid@d 2% and
202627 to meet the peak demand and energy demand would be as follows:
Table 5.14(b)
Capacity Addition Required During 2017-22 and 202227

Additional coal based Capacity
Year required(MW) Remarks

Since 47,855 MW are under different stages
construction and are likely to materiali

201722 6,445 during 201722, so no additional capacity
required.
This is in addition to 47,855 MW of coal bas

202227 46,420 capacity _whlch is in d|fferent_ s_tages _
construction and is likely to materialise duri
201722.

Table 5.14(c)
Energy Generated from coal and Average PLF of coal based stations

vears Coal Based((é\e/\r/wr(]e)ratmn (Gross) PLE of Coal Based
Plants (%)*
+++
*
202122 1,072 56.5
202627 1,259 60.5

PLF has been computed with capacity addition of 47,855 MW from coal based power plants which is

under construction and likely to yield benefits during 2@27

+++ Auxiliary Power consumption of coal stations as 6.5% has &&semed to arrive at gross generation.

GENERATION PLANNING

514




/ﬁﬁi ]
Central Electricity Authority National Electricity Plan

It may be seen from study results shown in Table 5.14 that out of the Coal based capacity of 47,855 MW at varfous
stages of construction and is likely to be commissioned during 2022 only 6,445 MW capacity wouldbe required
along with committed capacity addition of Hydro 6,823 MW, Gas 406 MW, Nuclear 3,300 MW, RES 1,17,7p6
MW and considering a retirement of coal based capacity of 22,716 MW.

The overall PLF of coal based capacity during 2021s likely to be 56.5%. However, the plant wise PLF may vary as
shown in theExhibit 5.5 and5.6 below.

Exhibit 5.5

EXPECTED PLF OF SUB-CRITICAL AND SUPER CRITICAL
PLANTS IN 2021-22
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Exhibit 5.6

EXPECTED SECTOR-WISE PLF OF COAL BASED PLANTS IN
202122
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The likely installed capacity from different fuel types at the end of ZRih base case works out toh&9,419MW
including 47,855 MW of Coal based capacity addition currently under construction and likely to yield benefits during
201722 and is givelin Table 5.15andExhibit 5.7.

Table 5.15
Projected Installed capacity by the end of 20222

Fuel Type Capacity (MW) %
Hydro 51,301 10.7
Coal + Lignite 2,17,302 453
Gas 25,735 5.4
Nuclear 10,080 2.1
Iotal Conventional Capacity 3.04.419 63.5
Total Renewable Capacity 1,75,000 36.5
Total Capacity by 202122 4,79,418 100.0

*This includes 47,855 MW of Coal based capacity addition currently under
construction and likely to yield benefitisiring 201722,

* This IC does not include Imports froleighbouring countries during 2017

22

Note: The actual IC may change to the extent of thermal capacity
materialising and actual retirement during 2017 to 2022.

Exhibit 5.7
(All figures in MW)
LIKELY INSTALLED CAPACITY BY END OF 2021 -22
RES
175,000 Coal+Lignite
37% 217,302
/ o
Nuclear‘/
10,080
2%
° \Hydro Gas
51,301 25,735
5%
TOTAL 4,79,418 MW 11% °

The likely installed capacity from different fuel type by the end of year-202i6 given inTable 5.16andExhibit 5.8.
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Table 5.16

Projected Installed capacity by the end of 202@7
Fuel Type Capacity (MW) %
Hydro 63,301 10.2
Coal + Lignite 2,38,150 38.5
Gas 25,735 4.2
Nuclear 16,880 2.7
Total C_:on:/entlonal 3.44.066 556
Capacity
Total Renewable 275,000 a4.4
Capacity
Total Capacity by
202627 6,19,066 100.0

*Including 47,855 MW of Coal based capacity addition currently under
construction and likely to yield benefits in 2022 and an additional 46,420
MW coal based capacity addition required during 28Z2@able 5.13.

* This IC does not include Imports from Neighbouring countries during-2022
27

Note: The actual IC will charggto the extent of thermal capacity materialising

and actual retirement taking place between 2222

Exhibit 5.8

(All figures in MW)

Likely Installed capacity by end of 2024

RES
275,000
44% //

Gas
25,735
Nuclear Hydro 2%
16,880 63,301
3% 10%

TOTAL 6,19,066MW

Coal+Lignite
238,150
39%

Coal based capacity of 47,855 MW which are at various stages of construction and likely to yield benefit during 2017
22 are considered for the studies. Apart from this, coal based capacity of 9,150 MW and gas based capacity of 3501.88
MW (Annexure 5.8)areuncertain due to fuel issues. In addition to this, coal based capacity of 88,4@BMhéxure

5.9) are at various stages of planning. Out of under construction hydro projects totalling to 10,608 MW, only hydro
projects totalling to 6,823 MW have been ddesed for studies which are most likely to yield benefits during Z2L7

5.10.1 Comparison of Study Results with Projected Capacity Addition in Previgs NEP

In the previous NEP, the tentative capacity addition requirement during the perio@20d& projected as 86,400
MW (however target set for ¥blan was 88,537 MW) based on the projected Peak demand and Energy requirement as
per 18" Electric Power Survey (EPS) Report. The projected Peak Demand and Energy requirement in the 3&%ar 2021
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was 2,83,470 MW and 1904 BU respectively as per tfeER8S Report. However, the Peak Demand and Energy
Requirement during 20222 as projected by9f' EPS report is 2,25,571 MW and 1566 BU respectively. Also, a
capacity of 99,209 MW has been commissioned against a target of 88,537 MW ddriplgri2201217). Therefore,

during 12" plan, capacity addition to the extent of 10,672 MW has been cariomésl in excess of TPlan target. In

addition, Government of India has announced huge capacity addition programme from Renewable Energy sources so as
to have installed capacity of 1,75,000 MW from RES by the end of yearZ0 2| these factors haveontributed to

the reduction in capacity addition requirement during the period-2817

5.11 ALTERNATE SCENARIOS FOR CAPACITY ADDITION

Generation expansion planning is a major part of any power system planning studies and is normally carriee out for th
next 510 years. These studies are performed based on various assumptions and factors prevalent at that time. However,
there are various uncertainties associated with the input data such as demand forecasts, availability of fuel, investment,
committed wits, retirement plans, input fuel prices, availability of technology, various initiatives of Government like
promotion of energy efficiency, etc. As a result, generation expansion planning is essentially stochastic in nature.

Forecasting electricity desmd is most challenging and consequently, a very vital parameter for generation expansion
planning. There are numerous ways to forecast electricity demand based on the assumptions made.

Estimation of electricity demand for a developing country like Iigliauch more challenging than that of a developed
country. In a developed country, because of the matured stage of development, the growth is considered to be steady
and therefore, it is relatively easy to forecast electricity demand. However, in a dieyelopntry, there may not be a

definite trajectory of growth as it is dependent on the economic performance, Government policies & programmes and
their extent of successful implementation thereof, etc.

Based on methodology adopted (Chapter 3) in estimating electricity demand in future years considering DSM measures,
the electricity energy requirement for the year 2@21has been estimated as 1566 BU with a Compounded Annual
Growth Rate (CAGR) of 6.18% ith reference to 20147. However, due to uncertainties associated with demand
forecasting, one additional scenario has been considered in the Generation planning studies i.e. CAGR of 7.18 % as
shown inExhibit 5.9 below

CAGR: 6.18%: Electricity Demand1566 BU
CAGR: 7.18%: Electricity Demand: 1641 BU
Exhibit 5.9
Energy Requirement in 202122
at different CAGR %
1660
5 1,641
@ 1640
£ 1620
S
o 1600
o
5 1560
£ 1540
1520
6.18 7.18
CAGR(%)
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An alternate scenario has been constructed based on variation in projected energy demand to get a clear picture of the
effect of variation of Energy Demand on the requirement of additional capacity.

5.11.1 Results of Alternate scenario (20122)

The gerration planning studies for the period 2 has also been carried out for the demand CAGR of 7.18% and
keeping other parameters unchanged as the base case, the coal based capacity addition and their expected Plant Load
factor % are shown in thEables5.17(b)and(c) below.

Table 5.17(a)

CAGR from 2016-17 to Demand
Y 202122
- (%) Peak(GW) Energy(BUs)
202122 7.18 237 1641

With the committed capacity addition, retirement, etc. (as giveralie 5.14(a), the addition coal based capacity
required by 202222 to meet the peak demand and energy demand would be as follows:

Table 5.17(b)
Capacity Addition Required During 2017-22

Additional coal based
Year . . Remarks
Capacity required

Since 47,855 MW are under differe
stagef construction and are likely t
materialise during 20122, so no

201722 19,700 additional capacity is required.

Table 5.17(c)
Energy Generated from coal and Average PLF of coal based stations

vears Coal Based((éwﬁ)ratlon (Gross) PLE of Coal Based
et Plants (%) *
*
202122 1,151 60.5

PLF has been computed with capacity addition of 47,855 MW from coal based power plants which is
under construction and likely to yield benefits during 2@27
+++ Auxiliary Power consumption of coal stations as 6% been assumed to arrive at gross generation.

It may be seen that in this case alg@ additional coal based capacity addition is required apart from the under
construction coal projects likely to benefit during the years 2eA2Zto meet the peak and ergy demand.

5.11.2 Analysis of Results (20122)

1) With committed capacity addition of Hydro 6,823 MW, Gas 406 MW, Nuclear 3,300 MW, RES 1,17,756 MW
and considering a retirement of coal based capacity of 22,716 MW with demand CAGR of 6.18% during 2017
22, only 6,445 MW coal based capacity would be requimethe said period, whereas coal based capacity of
47,855 MW is at various stages of construction and is likely to be commissioned during2017
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2)

3)

4)

In the alternate scenarios with demand CAGR of 7.18%, keeping the capacity addition from RES and Hydro,
Retirement of units constant, it is observed that coal based capacity addition of 19,700 MW may be required
during 201722. However, 47,855 MW of coal based plants are in different stages of construction and would
yield benefit during 20122. With this capcity addition the energy demand and peak demand for-2921
would be fully met.

The PLF of the thermal plants would be influenced to the extent of achievement of capacity addition from RES,
Hydro, etc. and retirement of units.

Significant quantum of gaacity retirement would have a corresponding significant positive impact on the PLF
of the thermal plants.

5.11.3 Analysis of Results (20227)

1) It may be seen that capacity addition to the tune of 46,420 MW will be required under the given set of
paraméers. This will be in addition to the 47,855 MW of coal based capacity which would likely benefit
during 201722.

2) The excess coal based capacity available by March, 2022 would help to meet the increase in demand
during 202227 resulting better utilisatioof plants.

3) The additional capacity required for 2022 should be preferably from flexible sources of generation to
meet the peaking, balancing and ramping requirements of the grid.

4) However, if this additional capacity comes from the coal based plants, the PLF of coal based power
stations will be in the range of @R2% by 202627.

5) Ifthe additional capacity comes from other flexible sources, the PLF of the coal based plantstieard fu
increase.

5.12 CONCLUSIONS

il

The Electricity demand projections considered for planning the capacity addition requirement, are as follows:

Year Energy Requirement Peak Demand (MW)
(BY)

202122 1,566 225.751

202627 2,047 298.774

These values are in accordance withRieport of 19' Electric Power Survey Committee.

Considering the demand projections for the year 2ZZR4s per the #9EPS, committed capacity addition from
Gas 406 MW, Hydro 6,823 MW, Nuclear 3,300 MW, RES 1,17,756 MW and likely retirement of 22,716 MW of
coal based capacity during 2022, the study result reveals that coal based capacity addition of 6,445 MW is
requirad during the period 201Z2. However, a total capacity of 47,855 MW coal based power projects are
currently under different stages of construction and are likely to yield benefits during the peried22017
Thereby, the total capacity addition during 2&@r7is likely to be 1,76,140 MW.

In view of the prevailing shortage of natural gas in the country, no additional gas based power plant has been
planned during 20%22, except the plants which are presently ready for commissioning /under construction.
Howe\er, in case availability of natural gas improves, preference may be given to gas based power plants owing
to their advantage in efficiently helping in balancing the Grid and reducing emissions.

Considering the demand projections for the year 202@s pethe 19" EPS, coal based capacity addition of
47,855 MW already under construction for benefits during 22, 7committed capacity addition of Nuclear
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6,800 MW, Hydro 12,000 MW, RES 1,00,000 MW and likely retirement of 25,572 MW of coal based capacity
during 202227, study results reveals that capacity addition of 46,420 MW is required during the periezir2022
This capacity addition required during 2022 as shown in the results is in fact the peaking capacity requirement
to be met in the grid. This pacity requirement can be met from any conventional source of energy.

1 Itis estimated that Generation from RES will contribute almost 20.1 % of the energy requirement in the year
202122.

1 Net Imports from neighbouring countries will increase from 4,3%8 M the year 20222 to 21,600 MW in the
year 202627.

1 The actual CAGR of energy demand between the years2®1@ 201516 is 4.42%. However, the CAGR of
energy demand between 2016 and 202222 has been estimated as 6.18%. This is substantiallgrhilgat of
the immediate past keeping in view secular increase in demand and increase due to implementation of PFA and
other Government of India programs between the years-2P17

1 It has been assumed that Gas Power Plants will operate at minimum tzadexs out presently during the off
peak hours and ramp up during the time of peaking requirement in the grid. This operation amounts to their
combined PLF of around 37%. The gas requirement may decrease provided two shift operation during the day
becoms feasible for Gas power stations.

1 Energy demand of 1566 BU and Peak Demand of 226 GW in March 2022 with CAGR of 6.18% look realistic
and most likely to occur. Even with Energy Demand of 1641 BU and Peak Demand of 237 GW in March 2022
with CAGR of 7.18%sufficient capacity would be available to meet the demand.

1 Even with the incidence of higher demand by 2@21like shifting of Captive load to the grid, there would be
adequate capacity to take care of this increase in demand.

1 Any negative deviation il respect of capacity addition target from RES, Hydro, etc. would have positive impact
on the PLF of the codlased plants.

1 Similarly, any positive deviation of projected demand in future would have a positive impact on the PLF of the
coal based plants.

1 Evenretirement to the extent of 22,716 MW during 2@2due to strict implementation of environmental norms,
would not likely pose any problem in meeting the demand during-2@21

1 Itis envisaged that the rate of capacity addition particularly froal based stations may outpace the rate of
increase in demand during the period from 2@27 The PLF of the coal based stations is likely to come down
to around 56.5% by 20222 with the normal retirement of unit, likely demand with CAGR of 6.18% and 175
GW of capacity from RES. Any deviation of the above independent variable would have an impact on the PLF
of the coal based stations as already mentioned above.

9 During the period of 20227, the PLF of the thermal plants shall progressively increase auld Wwe hovering
around 6661% by 202e27.

1 For any capacity addition from conventional sources in future, capability of flexibility of generation should be
insisted upon.

1 The Hydro Power can also contribute significantly to meet balancing requirentdet gfid but is constrained
due to vagaries associated with seasonal inflows to the reservoir. Also, the hydro capacity will constitute around
10.7 % of the total Installed Capacity in 2022. The peaking requirement to be met from Gas may also reduce if
the Governmentdéds policy push for Hydro Power Developt
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Annexure 5.1
LIST OF HYDRO PROJECTS UNDER CONSTRUCTION/CONCURRED FOR LIKELY BENEFITS
DURING 2017-22

(All figures in MW)

I Projects most likely to yield beneits during 2017-22, considered for Generation planning studies
Likely
. Benefits
NSCI)' Project Name State Agency No. %VL\J/MS X during Status
) 201722
MwW)
Central Sector
1 Kameng Arunachal NEEPCO 4x150 600 Under construction
Pradesh
2 ParbatiSt. II Himachal NHPC 4x200 800 Under construction
Pradesh
3 Kishanganga Jammu_& NHPC 3x110 330 Under construction
Kashmir
4 Tuirial Mizoram NEEPCO 2x30 60 Under construction
5 Tapovan Vishnugad Uttarakhand NTPC 4x130 520 Under construction
6 Tehri PSS Uttarakhand THDC 4x250 1,000 Under construction
7 Vishnugad Pipalkoti Uttarakhand THDC 4x111 444 Under construction
8 Rammam: Il West Bengal NTPC 3x40 120 Under construction
9 Pare Arunachal NEEPCO 2x55 110 Under construction
Pradesh
Central Sector Total 3,984
State Sector
1 Indira Sagar AndhraPradesh APID 12x80 960 Under construction
(Pollavaram MPP)
2 Sainj Himachal 2x50 100 Under construction
I Pradesh HPPCL
Himachal .
3 Shongtong Karcham Pradesh HPPCL 35150 450 Under construction
4 Swara Kuddu Himachal HPPCL 3x37 111 Under construction
Pradesh
5 Uhl-1il Himachal BVPC 3x33.3 100 Under construction
Pradesh
6 Pallivasal Kerala KSEB 2x30 60 Under construction
7 Pulichintala Telengana TSGOENC 4x30 90 Underconstruction
8 Vyasi Uttarakhand UJVNL 2x60 120 Under construction
9 New Umtru Meghalaya MePGCL 2x20 40 Commissioned
10 Parnai J&K JKSPDC 3x12.5 37.5 Under construction
11 Lower Kalnai J&K JKSPDC 2x24 48 Under construction
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State Sector Total 2,116.5
Private Sector
1 Bajoli Holi Himachal GMR 3x60 180 Under construction
Pradesh
. Himachal 1 Unit Under
2 Chanju | Pradesh A Energy 3x12 12 Construction
. . Sneha e
3 Dikchu Sikkim Kinetic 2x48 96 Commissioned
4 Rangitll Sikkim SHPL 2x33 66 Under construction
5 Rongnichu Sikkim MBPCL 2x48 96 Under construction
6 Tashiding Sikkim Shiga 2x48.5 97 Under construction
Energy )
7 Phata Byung Uttarakhand LANCO 2x38 76 Under construction
8 Singoli Bhatwari Uttarakhand L&T 3x33 99 Under construction
Private Sector Total 722
Sub Total | 6,822.5
" Other Hydro projects which may come during 201722 but have not been considered for Generation
Planning Studies(presently stalled due to various reasons)
Central Sector
1 Subansiri Lower Arunachal NHPC 8x250 2,000 Under construction
Pradesh
Central Sector Total 2,000
State Sector
1 Thottiyar Kerala KSEB 1x30+1x10 40 Under construction
2 Koyna Left Bank PSY Mahar WI?A[;,hGO 2x40 80 Under construction
. . Irr. Deptt. | 3x33+3x33+1 :
3 Shahpurkandi Punjab & PSPCL %8 206 Under construction
State Sector Total 326
Private Sector
1 Gongri Arunachal DEPL 2x72 144 Under construction
2 Sorang Himachal HSPL 2x50 100 Under construction
3 Tangnu Romail Himachal TRPG 2x22 44 Under construction
4 Tidong| Himachal M/s NSL 2x50 100 Under construction
5 Maheshwar MP SMHPCL 10x40 400 Under construction
6 Bhasmey Sikkim Gati 3x17 51 Under construction
7 RangitlV Sikkim Jal Power 3x40 120 Underconstruction
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8 Teesta Vi Sikkim LANCO 4x125 500 Under construction
Private Sector Total 1,459
Subtotal Il 3,785
TOTAL (I+1) 10,607.5
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Annexure 5.2

LIST OF NUCLEAR PROJECTS UNDER CONSTRUCTION FOR LIKELY BENEFITS DURING

201722
(All figures in MW)
Likely
S| Benefits
Nc; Project Name State Agency | No. of Units x MW during
) 201722
(MW)
1 Kakrapar Atomic Gujarat NPCIL 2x700 1,400
Power Plant
2 Rajasthan Atomic Rajasthan | NPCIL 2x700 1,400
Power Station
3 PFBR Tamil Nadu Bhavini 1x500 500
Total (2017-22) 3,300

LIST OF GAS PROJECTS UNDER CONSTRUCTION FOR LIKELY BENEFITS DURING 2017 -22

Likely
I\? cl)'_ Project Name State Agency NU(r){i t(;f %i?iifgs
201722 (MW)
Namrup CCGT Assam APGCL / BHEL ST 36.15
Yelahanka CCPP Karnataka KPCL GT+ST 370
Total (2017-22) 406.15
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Annexure 5.3

LIST OF NUCLEAR PROJECTS UNDER CONSTRUCTION FOR LIKELY BENEFITS DURING 2022 -27

(All figures in MW)

Likely
Sl. . . Benefits
No. Project Name State Agency | No. of Units x MW during 2022
27 (MW)
Kudankulam Nuclear
1 Power Project Tamil Nadu NPCIL 4x1000 4,000
(Expansion)
o | Gorakpur Haryana Any o0 | NpeIL 2x700 1,400
Vidyut Pariyojana
3 New PHWR* Madhya NPCIL 2x700 1,400
Pradesh
Total (202227) 6,800

*Note :Procurement of Land in advance stage
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Annexure 5.4

LIST OF COAL BASED PROJECTS UNDER CONSTRUCTION FOR LIKELY BENEFITS DURING

201722 AS ON 31.03.2017

S.No. Project Name / Implementing Agency Sector Unit No Cap. (MW)
CENTRAL SECTOR
1 Bongaigaon TPP/NTPC C U-3 250
2 Barh STPP /NTPC C U-1 660
3 Barh STPP /NTPC C uU-2 660
4 Barh STPH /INTPC C U-3 660
5 Nabi Nagar TPP /JV of NTPC & Rly. C uU-2 250
6 Nabi Nagar TPP /JV of NTPC & Rly. C U-3 250
7 Nabi Nagar TPP /JV of NTPC & Rly. C u-4 250
8 New Nabi Nagar TPP /JV of NTPC & C U-1 660
BSPGCL
9 New Nabi Nagar TPP /JV of NTPC & C uU-2 660
BSPGCL
10 New Nabi Nagar TPP /JV of NTPC & C U-3 660
BSPGCL
11 North Karanpura TPP/ NTPC C U-1 660
12 North Karanpura TPP/ NTPC C U-2 660
13 North Karanpura TPP/ NTPC C U-3 660
14 Kudgi STPP PH/ NTPC C U-3 800
15 Solapur STPP/ NTPC C uU-1 660
16 Solapur STPP/ NTPC C uU-2 660
17 Gadarwara TPP/NTPC C U-1 800
18 Gadarwara TPP/NTPC C u-2 800
19 Khargone TPP/ NTPC C U-1 660
20 Khargone TPP/ NTPC C uU-2 660
21 Darlipalli STPP/ NTPC C U-1 800
22 Darlipalli STPP/ NTPC C uU-2 800
23 Neyveli New TPP/ NLC C U-1 500
24 Neyveli New TPP/ NLC C uU-2 500
25 Telangana PWNTPC C U-1 800
26 Telangan@hI/NTPC C U-2 800
27 Lara STPP / NTPC C U-1 800
28 Lara STPP / NTPC C U-2 800
29 Meja STPP/ JV of NTPC & UPRVUNL C U-1 660
30 Meja STPP/ JV of NTPC & UPRVUNL C uU-2 660
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31 Tanda TPP/ NTPC C U-1 660
32 Tanda TPP/ NTPC C uU-2 660
33 Ghatampur TPP/ NLQV C U-1 660
34 Ghatampur TPP/ NLC JV C u-2 660
35 Ghatampur TPP/ NLC JV C U-3 660
35 Barsingsar TPP ext/NLC C U-1 250
36 Bithnok TPP /NLC C U-1 250
TOTAL (CENTRAL SECCTOR) 22,900
STATE SECTOR
1 Rayalaseema TPP-8f / APGENCO S U-6 600
2 Dr N T Rao TPS SY/APGENCO S U-1 800
3 Sri Damodaram TPS $WAPGENCO S U-1 800
4 Barauni TPS Extn./ BSEB S U-8 250
5 Barauni TPS Extn./ BSEB S U-9 250
6 Wanakbori TPS Extn. / GSECL S uU-8 800
7 Shri Singhaji TPRI / MPGENCO S U-3 660
8 Shri Singhaji TPAI / MPGENCO S u-4 660
9 Ib valley TPP / OPGCL S U-3 660
10 Ib valley TPP / OPGCL S u-4 660
11 Chhabra TPP Extn. / RRVUNL S U-5 660
12 Chhabra TPP Extn. / RRVUNL S U-6 660
13 Suratgarh TPS/ RRVUNL S u-7 660
14 Suratgarh TPS/ RRVUNL S uU-8 660
15 Kothagudem TPS StIl / TSGENCO S uU-1 800
16 Bhadradri TPP / TSGENCO S U-1 270
17 Bhadradri TPP / TSGENCO S uU-2 270
18 Bhadradri TPP / TSGENCO S U-3 270
19 Bhadradri TPP / TSGENCO S u-4 270
20 Ennore exp. SCTPP(Lanco) / TANGEDCO S U-1 660
21 Ennore SCTPP / TANGEDCO S U-1 660
22 Ennore SCTPP / TANGEDCO S uU-2 660
23 North Chennai TPP Stl/TANGEDCO S U-1 800
24 Uppur SCTPP/TANGEDCO S U-1 800
25 Uppur SCTPP/TANGEDCO S uU-2 800
26 Harduaganj Expll TPP / UPRVUNL S U-1 660
27 Jawaharpur STPP/ UPRVUNL S U-1 660
28 Jawaharpur STPP/ UPRVUNL S U-2 660
29 ObraC STPP/ UPRVUNL S U-1 660
30 ObraC STPP/ UPRVUNL S uU-2 660
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TOTAL (STATE SECCTOR) 18,340
PRIVATE SECTOR

1 Thamminapatnam TPP stade/ Meenakshi P U-3 350
Energy Pvt. Ltd.

2 Thamminapatnam TPP stadke/ Meenakshi P U-4 350
Energy Pvt. Ltd.

3 Akaltara TPP (Naiyara) / KSK Mahandi P U-3 600
Power Company Ltd.

4 Akaltara TPP (Naiyara) / KSKlahandi P u-4 600
Power Company Ltd.
Nawapara TPP / TRN Energy Pvt Ltd P uU-2 300

5 Binjkote TPP/ SKS Power Generation P U-1 300
(Chhattisgarh) Ltd.

6 Binjkote TPP/ SKS Power Generation P uU-2 300
(Chhattisgarh) Ltd.

7 Nasik TPP PH / Ratan India Nasik Power P U-3 270
Pvt. Ltd.

8 Nasik TPP PH / Ratan India Nasik Power P U-4 270
Pvt. Ltd.

9 Nasik TPP PH / Ratan India Nasik Power P U-5 270
Pvt. Ltd.

10 Shirpur TPP/ Shirpur Power Pvt Ltd P U-1 150

11 ShirpurTPP/ Shirpur Power Pvt Ltd P uU-2 150

12 Uchpinda TPP/ RKM Powergen. Pvt. Ltd. P U-3 360

13 Uchpinda TPP/ RKM Powergen. Pvt. Ltd. P u-4 360

14 Tuticorin TPP StV / SEPC P U-1 525

15 Prayagraj (Bara) TPP / PPGENCO P U-3 660

16 India Power TPP Haldia Energy Ltd. P U-1 150

17 India Power TPP / Haldia Energy Ltd. P U-2 150

18 India Power TPP / Haldia Energy Ltd. P U-3 150

19 Utkal TPP/Ind Bharat P U-2 350
TOTAL (PRIVATE SECCTOR) 6,615
GRAND TOTAL 47,855
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Annexure 5.5

LIST OF PROJECTS CONSIDERED FOR RETIREMENT BY MARCH, 2022

As on August,2017

S.No. Nathﬁitc;f the Name of the Station L,J\lr;t Cg\ﬁs\(l:)'ty Remarks
1 DPL DPL TPS 3 70
2 DPL DPL TPS 4 75
3 DPL DPL TPS 5 75
4 ASEB Chandrapur TPS 1 30
5 ASEB Chandrapur TPS 2 30
6 GSECL Sikka TPS 1 120
7 GSECL Ukai TPS 1 120
8 GSECL Ukai TPS 2 120
9 IPGCL Rajghat TPS 1 67.5
10 IPGCL Rajghat TPS 2 67.5
11 MPPGCL Satpura TPS 6 200
12 MPPGCL Satpura TPS 7 210
. Under s/d since
13 UPRVUNL Harduaganj 5 60 Feb. 2015.
14 UPRVUNL Obra TPS 8 94
Units will be
retired after
15 NLC Nevyeli Lignite TP SI 1 50 commissioning of
first unit of 2x500
MW TPS.
16 NLC Nevyeli LigniteTPSI 2 50
17 NLC Nevyeli LigniteTPSI 3 50
18 NLC NevyeliLigniteTPSI 4 50
19 NLC Nevyeli LigniteTPSI 5 50
20 NLC Nevyeli LigniteTPSI 6 50
21 NLC Nevyeli LigniteTPSI 7 100
22 NLC Nevyeli LigniteTPSI 8 100
23 NLC Nevyeli LigniteTPSI 9 100
Retirement of unitg
24 TSPGCL Kothadudem TPS 1 60 is being expedited
with the utililty.
25 TSPGCL Kothadudem TPS 2 60
26 TSPGCL Kothadudem TPS 3 60
27 TSPGCL Kothadudem TPS 4 60
Board approval by
28 PSPCL GND (Bathinda) TPS 1 110 utility under
process.
29 PSPCL GND (Bathinda) TPS 2 110
30 CSPGCL DSPM Korba TPS 1 50
31 CSPGCL DSPM Korba TPS 2 50
32 CSPGCL DSPM Korba TPS 3 50
33 CSPGCL DSPM Korba TPS 4 50
34 MPPGCL Satpura TPS 8 210
35 MPPGCL Satpura TPS 9 210
36 UPRVUNL Obra TPS 1 40
37 UPRVUNL Obra TPS 2 50
Board Approval for
38 | UPRVUNL Panki TPS 3 105 retirementyet to be
obtained.
Replacement
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Proposal under
consideration.
39 UPRVUNL Panki TPS 4 105
Due to Power
shortage in the
state, Utility wants
to run the plant till
commissioningpf
800 MW Super
40 TSPGCL Kothadudem TPS 5 120 Critical unit for
which order has
been placed &
which is expected
to be
commissioned in
201819.
41 TSPGCL Kothadudem TPS 6 120
42 TSPGCL Kothadudem TPS 7 120
43 TSPGCL Kothadudem TPS 8 120
44 TSPGCL RamagunderB TPS 1 62.5
Utility is exploring
possibility to set up
45 PSPCL Ropar TPS 1 210 3x800 MW super
critical Unilt as
replacement.
46 PSPCL Ropar TPS 2 210
47 PSPCL Ropar TPS 3 210
48 PSPCL Ropar TPS 4 210
To be retired after
49 MSPGCL Koradi TPS 5 200 completionof LE
works of Unit6.
Units could be
retired after 800
50 PVUNL Patratu TPS 4 50 MW Unilt is
commissioned.
51 PVUNL Patratu TPS 6 100
52 PVUNL Patratu TPS 9 110
53 PVUNL Patratu TPS 10 110
Under long shut
54 PVUNL Patratu TPS 7 110 down. Decision
pending.
55 | NTPCLTD. Badarpur TPS 1 95 Decision by NTPC
Board pending.
56 NTPC LTD. Badarpur TPS 2 95
57 NTPC LTD. Badarpur TPS 3 95
To be retired after
augmentation of
58 DVC Chandrapur TPS 2 130 Transmission
scheme. Proposed
to be retired in
201920.
59 DVC Chandrapur TPS 3 130
TOTAL 5,926.5
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Annexure 5.5(A)
LIST OF PROJECTS CONSIDERED FOR RETIREMENT AS PER NEW ENVIRONMENTAL
NORMS
(Thermal station units without space for FGD installation and shall attain age of =>25 y&&l£2682)
(as on August,2017)

Sr. . . Unit Total
No. Developer Name of Project Sector State Region No Capacity
1 BSEB BARAUNI TPS State Sector Bihar ER 6 105
2 BSEB BARAUNI TPS State Sector Bihar ER 7 105
3 NTPC & MUZAFFARPUR Central Sector Bihar ER 1 110
Bihar TPS
4 NTPC & MUZAFFARPUR Central Sector Bihar ER 2 110
Bihar TPS
5 D.V.C BOK.I'/:\PRS B Central Sector| Jharkhand ER 1 210
6 D.V.C BOKTAPRS B Central Sector| Jharkhand ER 2 210
7 D.V.C BOKTAPRS B Central Sector| Jharkhand ER 3 210
8 Te”‘f_%gatVN TENUGHAT TPS| State Sector | Jharkhand | ER 1 210
9 Te”‘f_%gatVN TENUGHAT TPS| State Sector | Jharkhand | ER 2 210
10 Ind barath IND BTIADF\I;ATH Private Sector Odisha ER 1 350
11 NTPC TALCHTI?DF;(OLD) Central Sector Odisha ER 1 60
12 NTPC TALCHTI?DRS(OLD) Central Sector Odisha ER 2 60
13 NTPC TALCHTI?DRS(OLD) Central Sector Odisha ER 3 60
14 NTPC TALCHTI?DRS(OLD) Central Sector Odisha ER 4 60
15 NTPC TALCHT'fDF;(OLD) Central Sector| ~ Odisha ER 5 110
16 NTPC TALCHT%QS(OLD) CentralSector Odisha ER 6 110
17 | C.E.S.C. Pvt.| TITAGARH TPS | Private Sector| West Bengal ER 1 60
18 | C.E.S.C. Pvt.| TITAGARH TPS | Private Sector| West Bengal ER 2 60
19 | C.E.S.C. Pvt.| TITAGARH TPS | Private Sector| West Bengal ER 3 60
20 | C.E.S.C. Pvt.| TITAGARH TPS | Private Sector| West Bengal ER 4 60
21 D.v.C DURGAPUR TPS| Central Sector| West Bengal ER 4 210
22 WBPDC BAKF;E,SSWAR State Sector | West Bengal ER 1 210
23 WBPDC BAKF;E,SSWAR State Sector | West Bengal ER 2 210
24 WBPDC BAKF;E,SSWAR State Sector | WestBengal ER 3 210
25 WBPDC BAKF;E,SSWAR State Sector | West Bengal ER 4 210
26 WBPDC BAKF;E,SSWAR State Sector | West Bengal ER 5 210

GENERATION PLANNING

532



Central Electricity Authority

National Electricity Plan

27 WBPDC BANDEL TPS State Sector | West Bengal ER 1 60
28 WBPDC BANDEL TPS State Sector | West Bengal ER 2 60
29 WBPDC BANDEL TPS State Sector | West Bengal ER 3 60
30 WBPDC BANDEL TPS State Sector | West Bengal ER 4 60
31 WBPDC BANDEL TPS State Sector | West Bengal ER 5 210
32 NTPC BADARPUR TPS| Central Sector Delhi NR 4 210
33 NTPC BADARPUR TPS| Central Sector Delhi NR 5 210
34 HGP Corpn PANIPAT TPS State Sector Haryana NR 5 210
GND .
35 PSEB TPS(BHATINDA) State Sector Punjab NR 3 110
GND .
36 PSEB TPS(BHATINDA) State Sector Punjab NR 4 110
37 PSEB ROPAR TPS State Sector Punjab NR 5 210
38 PSEB ROPAR TPS State Sector Punjab NR 6 210
39 RRVUNL KOTA TPS State Sector Rajasthan NR 1 110
40 RRVUNL KOTA TPS State Sector Rajasthan NR 2 110
41 RRVUNL KOTA TPS State Sector Rajasthan NR 3 210
42 RRVUNL KOTA TPS State Sector Rajasthan NR 4 210
43 RRVUNL KOTA TPS State Sector Rajasthan NR 5 210
44 NTPC TANDA TPS Central Sector| Uttar Pardeshl NR 1 110
45 NTPC TANDA TPS Central Sector| Uttar Pardeshl NR 2 110
46 NTPC TANDA TPS Central Sector| Uttar Pardesh; NR 3 110
47 NTPC TANDA TPS Central Sector| Uttar Pardeshh NR 4 110
48 UPRVUNL HARDTUPASGANJ State Sector | Uttar Pardeshl NR 7 105
49 UPRVUNL OBRA TPS State Sector | Uttar Pardeshl NR 7 94
50 UPRVUNL PARICHHA TPS State Sector | Uttar Pardeshl NR 1 110
51 UPRVUNL PARICHHA TPS State Sector | Uttar Pardeshl NR 2 110
Dr. N.TATA RAO Andhra
52 APGENCO TPS State Sector Pradesh SR 1 210
Dr. N.TATA RAO Andhra
53 APGENCO TPS State Sector Pradesh SR 2 210
Dr. N.TATA RAO Andhra
54 APGENCO TPS State Sector Pradesh SR 3 210
Dr. N.TATA RAO Andhra
55 APGENCO TPS State Sector Pradesh SR 4 210
Dr. N.TATA RAO Andhra
56 APGENCO TPS State Sector Pradesh SR 5 210
Dr. N.TATA RAO Andhra
57 APGENCO TPS State Sector Pradesh SR 6 210
58 KPCL RAICHUR TPS State Sector Karnataka SR 1 210
59 KPCL RAICHUR TPS State Sector Karnataka SR 2 210
60 KPCL RAICHUR TPS State Sector Karnataka SR 3 210
61 KPCL RAICHUR TPS State Sector Karnataka SR 4 210
62 KPCL RAICHUR TPS State Sector Karnataka SR 5 210
63 KPCL RAICHUR TPS State Sector Karnataka SR 6 210
64 KPCL RAICHUR TPS State Sector Karnataka SR 7 210
65 KPCL RAICHUR TPS State Sector Karnataka SR 8 250
66 Ind barath TUTICTOPIFilN (P) Private Sector| Tamil Nadu SR 1 150
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67 Ind barath TUTIC.:I%EIN (P) Private Sector| Tamil Nadu SR 2 150
NEYVELI NEYVELI ( EXT) .

68 LIGNITE TPS Central Sector| Tamil Nadu SR 1 210
NEYVELI NEYVELI ( EXT) .

69 LIGNITE TPS Central Sector| Tamil Nadu SR 2 210
NEYVELI .

70 LIGNITE NEYVELI TPS- Il | Central Sector| Tamil Nadu SR 1 210
NEYVELI .

71 LIGNITE NEYVELI TPS- Il | Central Sector| Tamil Nadu SR 2 210
NEYVELI .

72 LIGNITE NEYVELI TPS- Il | Central Sector| Tamil Nadu SR 3 210
NEYVELI .

73 LIGNITE NEYVELI TPS- Il | Central Sector| Tamil Nadu SR 4 210
NEYVELI .

74 LIGNITE NEYVELI TPS- Il | Central Sector| Tamil Nadu SR 5 210
NEYVELI .

75 LIGNITE NEYVELI TPS- Il | Central Sector| Tamil Nadu SR 6 210
NEYVELI .

76 LIGNITE NEYVELI TPS- Il | Central Sector| Tamil Nadu SR 7 210

77 TNEB METTUR TPS State Sector | Tamil Nadu SR 1 210

78 TNEB METTUR TPS State Sector | Tamil Nadu SR 2 210

79 TNEB METTUR TPS State Sector | Tamil Nadu SR 3 210

80 TNEB METTUR TPS StateSector Tamil Nadu SR 4 210
NORTH .

81 TNEB CHENNAI TPS State Sector | Tamil Nadu SR 1 210
NORTH .

82 TNEB CHENNAI TPS State Sector | Tamil Nadu SR 2 210
NORTH .

83 TNEB CHENNAI TPS State Sector | Tamil Nadu SR 3 210

84 TNEB TUTICORIN TPS| State Sector | Tamil Nadu SR 1 210

85 TNEB TUTICORIN TPS| State Sector | Tamil Nadu SR 2 210

86 TNEB TUTICORIN TPS| State Sector | Tamil Nadu SR 3 210

87 TNEB TUTICORIN TPS State Sector | Tamil Nadu SR 4 210

88 TNEB TUTICORIN TPS| State Sector | Tamil Nadu SR 5 210

KOTHAGUDEM
89 TSGENCO TPS (NEW) State Sector Telangana SR 9 250
KOTHAGUDEM

90 TSGENCO TPS (NEW) State Sector Telangana SR 10 250

91 CSPGCL KORBA-III State Sector | Chhattisgarh| WR 1 120

92 CSPGCL KORBA-III State Sector | Chhattisgarh| WR 2 120

93 CSPGCL KOR%.A';';V EST StateSector Chhattisgarh| WR 1 210

94 CSPGCL KOR%.A';';V EST State Sector | Chhattisgarh| WR 2 210

95 CSPGCL KOR%.A';';V EST State Sector | Chhattisgarh| WR 3 210

9 | CSPGCL KORE}@Z\’ EST | State Sector | Chhattisgarh| WR 4 210

97 GSECL SIKKA REP. TPS| State Sector Gujarat WR 2 120
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Torrent Power
98 Generation SABARMATI Private Sector Gujarat WR 15 30
Ltd,.
Torrent Power
99 Generation SABARMATI Private Sector Guijarat WR 16 30
Ltd,.
100 G“ptg E”ergy GEPLTPP PH | Private Sector| Maharashtra| WR 1 60
101 G“pthL”ergy GEPLTPP PH | Private Sector| Maharashtra| WR 2 60
TOTAL 16,789 MW
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Annexure 5.6

LIST OF PROJECTS CONSIDERED FOR RETIREMENT DURING 2022-27
(Thermal station units which shall attain age of =>25 years on 1/1/2022)
(as on August,2017)

SI. Developer Name of Project | Sector State | Region | Unit No Total_
No. Capacity
SI. Developer Name of Project | Sector State | Region | Unit No Total_
No. Capacity
KAHALGAON
1 NTPC TPS C Bihar ER 1 210
KAHALGAON
2 NTPC TPS C Bihar ER 2 210
KAHALGAON
3 NTPC TPS C Bihar ER 3 210
KAHALGAON
4 NTPC TPS C Bihar ER 4 210
5 NTPC TALCHER STPS C Odis. ER 1 500
6 NTPC TALCHER STPS C Odis. ER 2 500
7 OPGCLtd IB VALLEY TPS S Odis. ER 1 210
8 OPGCL IB VALLEY TPS S Odis. ER 2 210
SOUTHERN
9 C.E.S.C. Pvt. REPL. P WB ER 1 68
SOUTHERN
10 C.E.S.C. Pvt. REPL P WB ER 2 68
11 D.P.L. D.P.L. TPS S WB ER 6 110
12 D.V.C MEJIA TPS C WB ER 1 210
13 D.v.C MEJIA TPS C WB ER 2 210
14 NTPC FARAKKA STPS C WB ER 1 200
15 NTPC FARAKKA STPS C WB ER 2 200
16 NTPC FARAKKA STPS C WB ER 3 200
17 NTPC FARAKKA STPS C WB ER 4 500
18 NTPC FARAKKA STPS C WB ER 5 500
19 WBPDC KOLAGHAT TPS S WB ER 1 210
20 WBPDC KOLAGHAT TPS S WB ER 2 210
21 WBPDC KOLAGHAT TPS S WB ER 3 210
22 WBPDC KOLAGHAT TPS S WB ER 4 210
23 WBPDC KOLAGHAT TPS S WB ER 5 210
24 WBPDC KOLAGHAT TPS S WB ER 6 210
25 NTPC DADRI (NCTPP) C UP NR 1 210
26 NTPC DADRI (NCTPP) C UP NR 2 210
27 NTPC DADRI (NCTPP) C UP NR 3 210
28 NTPC DADRI (NCTPP) C UP NR 4 210
29 NTPC RIHAND STPS C UP NR 1 500
30 NTPC RIHAND STPS C UP NR 2 500
SINGRAULI
31 NTPC STPS C UP NR 1 200
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SINGRAULI
32 NTPC STPS C UP NR 2 200
SINGRAULI
33 NTPC STPS C UP NR 3 200
SINGRAULI
34 NTPC STPS C UP NR 4 200
SINGRAULI
35 NTPC STPS C UP NR 5 200
SINGRAULI
36 NTPC STPS C UP NR 6 500
SINGRAULI
37 NTPC STPS C UP NR 7 500
38 NTPC UNCHAHAR TPS C UP NR 1 210
39 NTPC UNCHAHAR TPS C UP NR 2 210
40 UPRVUNL ANPARA TPS S UP NR 1 210
41 UPRVUNL ANPARA TPS S UP NR 2 210
42 UPRVUNL ANPARA TPS S UP NR 3 210
43 UPRVUNL ANPARA TPS S UP NR 4 500
44 UPRVUNL ANPARA TPS S UP NR 5 500
45 UPRVUNL OBRA TPS S UP NR 9 200
46 UPRVUNL OBRA TPS S UP NR 10 200
47 UPRVUNL OBRA TPS S UP NR 11 200
48 UPRVUNL OBRA TPS S UP NR 12 200
49 UPRVUNL OBRA TPS S UP NR 13 200
RAYALASEEMA
50 APGENCO TPS S AP SR 1 210
RAYALASEEMA
51 APGENCO TPS S AP SR 2 210
RAMAGUNDEM
52 NTPC STPS C Telang.| SR 1 200
RAMAGUNDEM
53 NTPC STPS C Telang.| SR 2 200
RAMAGUNDEM
54 NTPC STPS C Telang. SR 3 200
RAMAGUNDEM
55 NTPC STPS C Telang. SR 4 500
RAMAGUNDEM
56 NTPC STPS C Telang. SR 5 500
RAMAGUNDEM
57 NTPC STPS C Telang.| SR 6 500
58 NTPC KORBA STPS C Chhatt. WR 1 200
59 NTPC KORBA STPS C Chhatt.| WR 2 200
60 NTPC KORBA STPS C Chhatt.| WR 3 200
61 NTPC KORBA STPS C Chhatt.| WR 4 500
62 NTPC KORBA STPS C Chhatt.| WR 5 500
63 NTPC KORBA STPS C Chhatt.| WR 6 500
GANDHI
64 GSECL NAGAR TPS S Guj. WR 3 210
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GANDHI
65 GSECL NAGAR TPS S Gu;. WR 4 210
66 GSECL KUTCH LIG. TPS S Guj. WR 1 70
67 GSECL KUTCH LIG. TPS S Guj. WR 2 70
68 GSECL KUTCH LIG. TPS S Gu;. WR 3 75
69 GSECL UKAI TPS S Guj. WR 3 200
70 GSECL UKAI TPS S Gu;. WR 4 200
71 GSECL UKAI TPS S Guj. WR 5 210
WANAKBORI
72 GSECL TPS S Guj. WR 1 210
WANAKBORI
73 GSECL TPS S Guj. WR 2 210
WANAKBORI
74 GSECL TPS S Gu;. WR 3 210
WANAKBORI
75 GSECL TPS S Guj. WR 4 210
WANAKBORI
76 GSECL TPS S Guj. WR 5 210
WANAKBORI
77 GSECL TPS S Guj. WR 6 210
78 Torrent SABARMATI P Guj. WR 1 120
79 Torrent SABARMATI P Guj. WR 2 121
80 Torrent SABARMATI P Guj. WR 3 121
SANJAY
81 MPPGCL GANDHI TPS S MP WR 1 210
SANJAY
82 MPPGCL GANDHI TPS S MP WR 2 210
VINDHYACHAL
83 NTPC STPS C MP WR 1 210
VINDHYACHAL
84 NTPC STPS C MP WR 2 210
VINDHYACHAL
85 NTPC STPS C MP WR 3 210
VINDHYACHAL
86 NTPC STPS C MP WR 4 210
VINDHYACHAL
87 NTPC STPS C MP WR 5 210
VINDHYACHAL
88 NTPC STPS C MP WR 6 210
89 | MAHAGENCO | BHUSAWAL TPS S Maha WR 2 210
90 | MAHAGENCO | BHUSAWAL TPS S Maha WR 3 210
CHANDRAPUR
91 | MAHAGENCO STPS S Maha WR 3 210
CHANDRAPUR
92 | MAHAGENCO STPS S Maha WR 4 210
CHANDRAPUR
93 | MAHAGENCO STPS S Maha WR 5 500
CHANDRAPUR
94 | MAHAGENCO STPS S Maha WR 6 500
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KHAPARKHEDA
95 | MAHAGENCO TPS s Maha | WR 1 210
KHAPARKHEDA
96 | MAHAGENCO TPS S Maha | WR 2 210
97 | MAHAGENCO | KORADI TPS S Maha | WR 6 210
98 | MAHAGENCO | KORADI TPS s Maha | WR 7 210
99 | MAHAGENCO |  NASIK TPS S Maha | WR 3 210
100 | MAHAGENCO |  NASIK TPS s Maha | WR 4 210
101 | MAHAGENCO |  NASIK TPS S Maha | WR 5 210
102 | MAHAGENCO |  PARLI TPS s Maha | WR 4 210
103 | MAHAGENCO |  PARLI TPS s Maha |  WR 5 210
TOTAL 25,572
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Annexure 5.7

LIST OF PROJECTS OF HYDRO IMPORTS FROM NEIGHBOURING COUNTRIES DURING

(All Figures in MW)

Sl. No. Plant Name Country Capacity
(MW)
1 Chuka Bhutan 336
2 Tala Bhutan 1,020
3 Kuruchu Bhutan 60
4 Puntsagchu Bhutan 1,200
5 Puntsagchul Bhutan 1,020
6 Mangdechu Bhutan 720
Total 4,356
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Annexure 5.8
LIST OF THERMAL PROJECTS UNCERTAIN FOR BENEFITS DURING 2017-22

Likely
S| Benefits
Nc; Project Name Fuel State Agency Unit No. during
' 201722
(MW)
Andhra Panduranga
1 Panduranga CCPP Gas Pradesh PVt Ltd. Module 1 116
. Andhra Rajahmundry
2 RVK Gas Engine Gas Pradesh PVt Ltd GE 14 38
. Andhra Rajahmundry
3 RVK Gas Engine Gas Pradesh PVt Ltd GE 58 38
Andhra Rajahmundry Module
4 RVKCCPP Gas Pradesh Pvt.Ltd 1-3 360
Andhra .
5 Samalkot CCPHRI Gas Reliance Powerl Module 16 2400
Pradesh
6 Astha Gas Engines Gas Telangana Astha 4 Engines 34.88
7 Ind _Barath Gas Gas Tamil Nadu Ind Barath Block | 65
Project
8 Beta CCPP Gas Uttarakhand BIPL GT+ST 225
. Sravanthi
9 Kashipur CCPRI Gas Uttarakhand Energy Put. Ltd GT+ST 225
Sub-total (GAS) 3,501.88
Bhavanapadu TPP Andhra East Coast
10 Phl Coal Pradesh Energy Ltd. ul2 1320
Athena
11 Singhitarai TPP Coal Chhattisgarh Chhattisgarh uiz2 1200
Power Ltd.
Matrishri Usha TPP Corporate
12 PhI Coal Jharkhand Power Ltd. uilz2 540
13 Tori TPP PHI Coal Jharkhand Essﬁ{zower ui12 1200
14 Lancc}ggba”dh Coal Odisha LBP Ltd Ui,2 1320
15 La”COT;/F',darbha Coal Maharashtra | LVP Pvt. Ltd. Ui,2 1320
16 Malibrahmani TPP Coal Odisha MPCL uilz2 1050
KSK Mahandi
17 A'Eﬁl';?rgr;f P Coal Chhattisgarh Power U5.6 1200
y Company Ltd.
Sub-total(COAL) 9,150
Total Thermal 12,651.88
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Annexure 5.9
LIST OF THERMAL PROJECTS UNDER VARIOUS STAGES LIKELY TO COME BEYOND 2021 -

22
ffo Project Name / Implementing Agency Unit No Cap. (MW) Fuel

Central Sector
1 | Patratu /NTPC U-1 800 Coal
2 | Patratu /INTPC U-2 800 Coal
3 | Patratu /INTPC U-3 800 Coal
4 | Raghunathpur St/DVC U-1 660 Coal
5 | Raghunathpur St/DVC U-2 660 Coal
6 | Katwa/ NTPC U-1 800 Coal
7 | Katwa/ NTPC uU-2 800 Coal
8 | Barethi/NTPC U-1 800 Coal
9 | Barethi/NTPC uU-2 800 Coal
10 | Pudimdaka/NTPC U-1 1000 Coal
11 | Pudimdaka/NTPC uU-2 1000 Coal
12 | Pudimdaka/NTPC U-3 1000 Coal
13 | Pudimdaka/NTPC u-4 1000 Coal
14 | Bhilur/NTPC U-1 660 Coal
15 | Bhilur/NTPC uU-2 660 Coal
16 | Teiangana St I/ NTPC U-1 800 Coal
17 | Teiangana St Il/ NTPC U-2 800 Coal
18 | Teiangana St Il/ NTPC U-3 800 Coal
19 | Lara Stl/ NTPC U-1 800 Coal
20 | Lara Stl/ NTPC U-2 800 Coal
21 | Lara Stl/ NTPC U-3 800 Coal
22 | Buxar/ SJVN U-1 660 Coal
23 | Buxar/ SJVN U-2 660 Coal
24 | THDC U-1 660 Coal
25 | THDC U-2 660 Coal
26 | Sirkali/ NLC U-1 660 Coal
27 | Sirkali/ NLC uU-2 660 Coal
28 | Sirkali/ NLC U-3 660 Coal
29 | Pirpainti/ PBCPL U-1 660 Coal
30 | Pirpainti/ PBCPL U-2 660 Coal
31 | Lakhisarai/LBCPL U-1 660 Coal
32 | Lakhisarai/LBCPL U-2 660 Coal
33 | Bhaiathan/ ICPL U-1 660 Coal
34 | Bhaiathan/ ICPL U-2 660 Coal
35 | Pench/NTPC U-1 660 Coal
36 | Pench/NTPC U-2 660 Coal
37 | Margerhita/NEEPCO U-1 660 Coal
38 | MCL U-1 660 Coal
39 | MCL uU-2 660 Coal

Subtotal (Central Sector) 28,920

State Sector
40 | Obra "C/"UPRVUNL U-1 660 Coal
41 | Obra "C/"UPRVUNL uU-2 660 Coal
42 | Jawaharpur/ UPRVUNL U-1 660 Coal
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43 | Jawaharpur/ UPRVUNL U-2 660 Coal
44 | Panki Extr/f UPRVUNL U-1 660 Coal
45 | Hazipur/ PSPCL U-1 660 Coal
46 | Hazipur/ PSPCL U-2 660 Coal
47 | Edlapur/ KPCL U-1 800 Coal
48 | DCRTPP (Yamunanagar)/ HPGCL U-1 660 Coal
49 | Panipat / HPGCL U-1 800 Coal
50 | Korba South U-1 1000 Coal
51 | Satpura/ MPPGCL U-1 660 Coal
52 | Nasik /IMSPGCL U-6 660 Coal
53 | Bhusawal / MSPGCL U-6 660 Coal
54 | Duwasan/ GSECL U-1 660 Coal
55 | Duwasan/ GSECL U-2 660 Coal
56 | Sinor/ GSECL U-2 660 Coal
57 | Udangudi Si/ TANGEDCO U-1 660 Coal
58 | Udangudi Si/ TANGEDCO U-2 660 Coal
59 | Srikakulam/APGENCO U-1 800 Coal
60 | Srikakulam/ APGENCO U-2 800 Coal
61 | Srikakulam/ APGENCO U-3 800 Coal
62 | Tenughat/ TVNL U-1 660 Coal
63 | Tenughat/ TVNL U-2 660 Coal
64 | Kamakhyanagar/OTPCL U-1 800 Coal
65 | Kamakhyanagar/OTPCL U-2 800 Coal
66 | Kamakhyanagar/OTPCL U-3 800 Coal
67 | Bakreshwar/ WBPDCL U-6 660 Coal
68 | Santaldih/ WBPDCL U-7 660 Coal

Subtotal (State Sector) 20,600

Private Sector

Binjkote TPP/ SKS Power Generation
69 (Chhattisgarh) Ltd. U-3 300 Coal
70 | KVK Nilanchal TPP/ KVK Nilanchal U-2 350 Coal
71 | KVK Nilanchal TPP/ KVK Nilanchal U-3 350 Coal
79 ,Clt?jSIk TPP PHI / Ratan India Nasik Power Pvt. U-1 270 Coal
73 ,Clt?jSIk TPP PHI / Ratan India Nasik Power Pvt. U-2 270 Coal
74 ,Clt?jSIk TPP PHI / Ratan India Nasik Power Pvt. U-3 270 Coal
75 ,Clt?jSIk TPP PHI / Ratan India Nasik Power Pvt. U-4 270 Coal
76 lCltE(ijSIk TPP PHI / Ratan India Nasik Power Pvt. U-5 270 Coal
77 | Amravati TPP PHI / Ratan India Power Pvi.td. U-1 270 Coal
78 | Amravati TPP PHI / Ratan India Power Pvt. Ltd U-2 270 Coal
79 | Amravati TPP PHI / Ratan India Power Pvt. Ltd U-3 270 Coal
80 | Amravati TPP PHI / Ratan India Power Pvt. Ltd U-4 270 Coal
81 | Amravati TPP PHI / Ratan IndiaPower Pvt. Ltd. U-5 270 Coal
82 | Tori/ Essar Power U-3 600 Coal
83 | Visa/ Visa Power U-2 660 Coal
84 | Dhenkanal/ CESC U-1 660 Coal
85 | Dhenkanal/ CESC U-2 660 Coal
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86 | Matrishri Usha PH/ Corporate Power Ltd. U-1 270 Coal
87 | Matrishri Usha PH / Corporate Power Ltd. U-2 270 Coal
88 | Kawai Ext U-1 800
89 | Kawai Ext U-2 800
90 | Udipi Ext U-1 800
91 | Udipi Ext u-2 800 Coal
92 | Jharkhand U-1 800
93 | Jharkhand u-2 800
94 | Pench U-1 660
95 | Pench u-2 660
96 | Dahej U-1 660
97 | Dahej u-2 660
98 | Dahej U-3 660
99 | Dahej U-4 660
100 | Badreshwar U-1 660
101 | Badreshwar U-2 660
102 | Badreshwar U-3 660
103 | Badreshwar U-4 660
104 | Badreshwar U-5 660
Subtotal (Private Sector) 18,880
5 UMPPs 20,000
TOTAL 88,400
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CHAPTER 6
RENEWABLE ENERGY SOURCES
6.0 INTRODUCTION

The World Energy Forum has predicted that fekaged oil, coal and gas reserves will be exhausted in less than
another 10 decades. This coupled with the urgent need of arresting the adverse climatic changes has forced planners
and policy makers to loolof alternate sources.

The 2015 United Nation Climate Conference in Paris is a milestone in global climajpecation. It reaffirmed the
need to have a rapid and global transition to renewable energy technologies to achieve sustainable development and
avoid catastrophic climatic change. 195 countries adopted the first universal, legally binding global climate deal.

In fact, many of the countries throughout the world have already embraced renewable energy technologies
significantly in order to meet thedélectricity demand and reduce emissions.

6.1 GLOBAL SCENERIO OF ELECTRICITY GENERATION FROM RENEWABLE ENERGY SOURCES

The I nternational Energy Agencyds World Energy Outl ook
GW in 2014 to 4,550 GW i2040 on a global basis.

Global renewable generation capacity at the end of 2015 stood at 1,985 GW. 152 GW renewable generation capacity
was added in 2015. The growth in renewable capacity addition during 2015 was 8.3%. Share of Asia in renewable
capacityaddition in 2015 was 58%. (Source: IRENA)

In 2015,California received over 20% of its electricity from renewable energy (excluding large hydro). By 2020,
Californiabs Renewable Portfolio Standard Policy requi

In October 2015the Government dhrgentina passed a new law to raise the share of renewables to 20% by 2025,
and this includes a number of new measures to realize this target.

Germany is a global leader in adopting high share of renewable energy. Renewables alreaitygose to 30% of
Germanyb6s power onh an average basis. On some peak days
peak power demand at specific times of the day. Germany is targeting a 50% share of renewables by 2030 and 80% by
2050 and @nned to phase out nuclear power by 2022.

Denmarki s a worl d | eader in wind power, with 39% of the ¢
is targeting 50% of its electricity from wind power by 2020, and 100% of its electricity from i fof renewables
by 2035.

In December 2014, thBurkish Government approved its National Renewable Energy Action Plan, targeting a 30%
renewable energy share in power generation and 10% in transport by 2023.

The European Union (EU)as a whole had a 27% mmable share in 2014.

Among developing countries, China, India, South Africa, and several other countries have already initiated ambitious
plans of capacity addition from Renewable Energy Sources(RES).

Chinabs sol ar PV target fGdito2210GN, whichmitcludesapsogds tHatrbegan 1 7 . 8
construction in 2015 and will be commissioned by the end of June 2016. This increase suggests that the 2020 target
could be revised upward from 100 to 150 GW for solar PV and from 200 to 250 GW for vitimd{nng interest and
engagement from provinces.

In October 2015, thAssociation of Southeast Asian NationEASEAN) set a 23% renewable energy target for

primary energy to be reached by 2025.

In early 2015, th&conomic Community of West African StatefECOWAS) released its regiespecific renewable
electricity target of 75.6 terawdtburs (TWh), which would be 31% of total generation in 2030.

In India, as on 3March,2017, the total RES capacity was 57,244.24 MW out of total installed generation capacity

of 326,832.6 MW. This represents almost 17.5% of the total installed capacity. An Action Plan has been formulated by
Government of India for achievement of ¢alacapacity of 1,75,000 MW from Renewable Energy Sources by March,
2022.

RENEWABLE ENERGY SOURCES
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6.2 RENEWABLE ENERGY SOURCES

Renewable energy sources are those that are continually replenished by nature and derived directly from the sun (such
as thermal, photehemical, angbhotoelectric), indirectly from the sun (such as wind, hydropower, and

photosynthetic energy stored in biomass), or from other natural movements and mechanism of the environment (such
as geothermal and tidal energy). This includes electricity and heetaged from solar, wind, ocedrydropower

biomass, geothermal resources and biofuels.

A description of the dominant forms of Renewable Energy Sources is outlined-below:
6.2.1 Sola Power

Sol ar energy generation involves the use of the sunods
electricity via solar photovoltaic (PV) and concentrated solar power (CSP) systems. These technologies are technically
well proven with nmerous systems installed arouhé world over the last few decades.

6.2.1.1 Solar Photovoltaic

Solar photovoltaic (PV) systems directly convert solar energy into electricity. The basic building block of a PV system
is the PV cell, which is a semiconductor dewitat converts solar energy into dir@eirrent electricity. PV module is
formed by interconnecting a large number of PV cells. The PV modules are combined with a set of application
dependent system components to form a PV system. Modular PV system&eatadigether to provide power

ranging from a few watts to tens of megawatts.

The most established solar PV technologies are silicon based systems. More recently, thin film modules consisting of
nonsilicon semiconductor materials have become importarit films generally have a lower efficiency than silicon
modules. However, price per unit of capacity is lower in thin films.

Solar PV has the advantage of economies of scale as module manufacturing can be done in large plants. Further, in
addition to diret sunlight, it can use diffused sunlight which helps it to produce power when sky is noEgtghit
6.1showsglobal annual PV market till 2016.

Exhibit 6.1

—

60000

40000

Mw

20000

10000

= ROW = Amarics ROW: Rest of the World
MEA = APAC MEA: Middle East and Africa
= China - Eur APAC: Asia Pacific
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6.2.1.2 Concentrated Solar Power

In Concentrated Solar Power (CSP) technology, a concentrated direct beam solar irradiance is used to heat a
liquid, solid or gas that is used in a downstream process for electricity generation. Large scaletSSRopta
commonly concentrate sunlight by reflection, as opposed to refraction with lenses. Concentration is done on to
a line (linear focus) as in central receiver or on a dish system. CSP technology can be used to produce
electricity from small distributd systems of tens of kW to large centralized power station of hundreds of MW.

Exhibit 6.2 shows the global installed and planned Concentrated Solar Power (CSP) capacity distributed by
country.
Exhibit 6.2
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6.2.2 Wind Power

Wind power is produced through conversion of kinetic energy associated with wind to mechanical energy first and

then to electrical energy. The amount of kinetic energy in the wind that is theoretically available for extraction
increases with the cube ofethvind speed. However, a turbine only captures a fraction of that available energy (40

50%). In order to maximize energy capture, turbine designs, including materials used for turbine, blade sizes etc., have
been undergoing changes. The objective has toesinimize total cost of power produced from wind turbine by

capturing maximum wind energy and efficient conversion thereof into reliable electrical energy.

Electrical conversion system is very important as far as reliability is concerned. For largergrétted turbines,
electrical conversion system comes in different forms:

i) Fixed Speed Induction Generators

i) Variable Speed Machines.

The fixed speed induction generator wind turbines are net consumers of reactive power that has to bbeysthplied
electric network. These turbines can provide real and reactive power as well as some fdutuigte capability, all

of which are required by electric network operators.

Exhibit 6.3 shows the global installed wind power capacity as well aslliegteapacity of top 10 wind power
generating countries.
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Exhibit 6.3
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6.2.3 Biomass Power

Biomass energy is the use of living and recently dead biological material as an energyAsoancenergy source,

biomass can either be used directly via combustion to produce heat, or indirectly after converting it to various forms of
bio fuel Most of today's biomass power plants are difieetl systems, which are similar to most fogai! fired

power plants. The renewable biomass fuels are converted to heat and then to eletteioigtidally, it is a carbon

neutral source of energy.

The biomass used for electricity generation range from foreptdmjucts (wood residues), agricultural waste (sugar
cane residue & rice husk) and animal husbandry residues (poultry litter etc.).

6.2.4 Small Hydro Power

Small hydro power plants utilize the flow of water to rotate the blades of the turbine which in turn drives the generator
for producing electrical energy. The amount of energy generated depends on the amount of water flowintheéhrough
turbine as well as the size of the turbine. Small hydro power plants are generally used as standalone power systems in
remote areas.

6.2.5 Wave and Tidal Power

Wave powerwhich captures the energy of ocean surface wavegjdaigppower which converts the energy of tides,
are two forms of hydro power with future potential. However, they are not yet widely employed commercially.

6.3 POTENTIAL OF RENEWABLE ENERGY GENERATION IN INDIA

In order to arrest the climate change and in wiéthe depleting conventional energy sources, India is taking firm
steps towards the development of renewable energy. India has significant potential of electricity generation from
Renewable Energy Sources (RES). The Renewable Energy (RE) potentiadiis lestimated at 8,96,602 MW
comprising of 7,48,991 MW of Solar Power, 1,02,772 MW of Wind Power, 19,749 MW of Small Hydro &adver
25,090 MW of BieEnergy The Statewise estimated potential of renewable power in the country is placed at
Annexure-6.1 (Source: MNRE).

The Government of India, in pursuit of energy security and for minimizing impact on environment, has been
prioritizing the development of RE sector through its policies and programmes. S¢diad andSmallHydro are three
emerging renewable energy sources. Wind energy and solar energy resources maps of India aré&ghibitréid.
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Exhibit 6.4
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The description of dominant forms of the renewable energy sources in India is outlined below:

6.3.1 Solar

It has been observed that solar as viable alternative for power generation among the available clean energy sources, has
the highest global warming mitigation potential. India is one of the best recipients of solar energy due to its favourable
location in the solar belt (4% to 40 N). India has a vast potential for solar power generation since about 58% of the
total land area (1.89 million kinreceives annual average global insolation above 5 kiiiém The Gangetic plains

(trans, middle ad upper), plateau (central, western and southern) region, western dry region, Gujarat plains and hill
region as well as the west coast plains and Ghat region receive annual global insolation above&&Wihese

zones include states of Karnataka, &af, Andhra Pradesh, Maharashtra, Madhya Pradesh, Rajasthan, Tamil Nadu,
Haryana, Punjab, Kerala, Bihar, Uttar Pradesh and Chhattisgarh. The eastern part of Ladakh region (Jammu & Kashmir)
and minor parts of Himachal Pradesh, Uttarakhand and Sikkim wanéclocated in the Himalayan belt also receive
similar average global insolation annually. The eastern Himalayan states of Arunachal Pradesh, Nagaland and Assam
receive annual average global insolation below 4 k\¥/diay.

6.3.2 Wind

The development ofind power in Indidbegan in the 1986 with first windfarms being set up in coastal areas of
Maharashtra (Ratnagiri), Gujarat (Okha) and Tamil Nadu (Tuticorin) witkvB53/estas wind turbines. The capacity

has significantly increased in the last few yearshddgh a relative newcomer to the wind industry, India has the fourth
largest installedvind powercapacity in the world after China, USA and Germaltye short gestation periods for
installingwind turbines and the increasing reliability and performance of wind energy machines has made wind power

a favoured choice for electricity generation in India. Thedypower projects in India are mainly spread across south,
west and north regions while east and neaist regions have no grid connected wind power plant.

Wind power generation in India is highly influenced by the monsoon in India. The strongasesithonsoon, starts in
May-June, when cool, humid air moves towards the land and the weakegeastttnonsoon, starts in October, when

cool dry air moves towards the ocean. During the period of March to August, the winds are uniform and strong over the
whole Indian peninsula, except the eastern peninsular coast. Wind speed during the period of November to March is
relatively weak.

No offshore wind farm utilizingraditionalfixed-bottom wind turbine technolggn shallow sea areas fioating wind
turbinetechnology in deep sea areas are under implementation. An offshore wind policy was announced in 2015 and
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presently weather stations abldDARS( light detection and ranging) are being set upNafional Institute of Wind
Energy (NIWE) at some locations.
6.3.3 Biomass
About 32% of the total primary energy use in the country is still derived from biomass and more than 70% of the
countrybés population depends tavailability of biomass in India isestiematadratg y n e
about 500 million metric tonnes per year, covering agricultural and forestry residues corresponding to a potential of
about18,000 MW. Additional 7,000 MW power could be generated through bagasse baseiaign in the country.
6.3.4 Small Hydro
Hydro power plants of capacity up to 25 MW are categorized as small hydro power plants. The egtiteatedfor
power generation in the country from such plants is about 20,000 MW. Most of the potentldinslayan States as
river-based projects and in other States on irrigation canals.
6.4 DEVELOPMENT OF RENEWABLES IN INDIA
There has been a significant increase in renewable energy capacity in the country during the last decade. The installed
capacity ofrenewables in India was 7,761 MW as at the end Bfplén (i.e. on 3% March,2007) and the same had
grown to 24,504 MW at the end d1™ plan (i.e. on 3% March,2012). With a consistent growth, the installed capacity
of renewable energy sources haactedb7,244.24 MW as on 3March,2017. The installed capacity of grid connected
renewable power plants in India is showrTable 6.1
Table 6.1
Installed Capacity of Grid-connected Renewable Power Plants
(As on 31.03.2017)
(All figures in MW)

RenewableEnergy Source Installed capacity (MW)

Solar Power 12,288.83
Wind Power 32,279.77
Bio-Power & Waste Power 8,295.78
Small Hydro Power 4,379.86
Total 57,244.24

The installed capacity of Wind power in India as off Bthrch,2017 was 32,279.77MW, which is 56.4% of total
Renewable installed capacity, mostly located in South, West and North regions. This capacity of wind power is mainly
spread across Tamil Nadu (7861.46 MW), Gujarat (5340.62 MW), Maharashtra (4771.3R&¥¢than (4281.72

MW), Karnataka (3751.40 MW), Andhra Pradesh (3618.85 MW), Madhya Pradesh (2497.79 MW), Telangana (100.8
MW), Kerala (51.5 MW) and other States (4.30 MW). Tamil Nadu has become a leader in Wind Power in India.
Muppandal windfarm in TamMNadu with the total capacity of 1500 MW, is the largest in the country.

The National Solar Mission (NSM) launched in January 2010 has given a great boost to the solar scenario in the
country. As of 3% March,2017, the installed capacity of solar powelnidia wasl2,288.83VIW, which is 21.5 % of

total Renewable installed capacity in India. This solar capacity is mainly spread across Andhra Pradesh (1867.23
MW), Rajasthan (1812.93 MW), Tamil Nadu (1691.83 MW), Telangana (1286.98 MW), Gujarat (1249.37 MW)
Madhya Pradesh (857.04 MW), Punjab (793.95 MW), etc. The installed capacity of biomass power in Indig'as on 31
March,2017 wa8295.78MW, which is 14.5% of total renewable installed capacity in India. Small hydropower with
capacity of 4379.8MW as on315 March,2017 represents 7.17% of total renewable installed capacity in India. Total
renewable installed capacity in India is showitkhibit 6.5.
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Exhibit 6.5
(All figures in MW)

RES INSTALLED CAPACITY AS ON 31.3.2017

Bio-Power &
Waste Power
8,295.8
15%

Wind Power
32,279.8

56% /

- Small Hydro
| Power
4,379.9
8%
Solar Power
12,288.8
TOTAL 57,244.24 MW 21%

The Statewise Installed Capacity of Grid Interactive Renewable Power as on 31.3.2017 is plAceéxaire-6.2.

6.5 RENEWABLE ENERGY TARGET BY 2022
Over the yearsgenewable energy sector in India is emerging as a significant player in the grid connected power
generation capacity. It is well recognized that renewable energy has to play a much bigger role in achieving energy
security in the years ahead and to bénéegral part of the energy planning process. Renewable energy sector is now
poised for a quantum jump &wdia has reset its renewable energy capacity addition target so as to have an installed
capacity of 175 GW by 2022, in view of the significant renglea&nergy potential in the country and commitment
made by the investors/stakeholders. The targeted contribution of the major renewable energy sources to reach the
capacity of 175 GW by 2022 is shownTable 6.2.
Table 6.2
Targeted contribution of the major Renewable Energy Sources
(All figures in GW)

Sl. No. Renewable Energy Source Targeted Installed Capacity by 2022

1. Solar 100

2. Wind 60

3. Biomass 10

4. Small Hydro 5
Total 175

The substantial higher capacity target of renewables will ensure greater energy security, improved energy access and
enhanced employment opportunities. With the accomplishment of these ambitious targets, India will become one of
the largest Gren Energy producers in the world, surpassing several developed countries. Renewable Energy target of
India typewise and regioiwise, by 2022 is shown iBxhibit 6.6 andExhibit 6.7 respectively.
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Exhibit 6.6
(All figures in GW)

RENEWABLE ENERGY TARGET BY 2022: 175GW

Wind
~___60GW
4%

\1

Biomass
10GW
Solar 6%
100GW
57% Small hydro
5GW
3%

TOTAL 175 GW

A comparison betweeBxhibit 6.5 andExhibit 6.6 indicates that even though wind plants are predominant today, in
future solar plants shall have more installed capacity than that of wind plants.

Exhibit 6.7
(All figures in GW)

REGION-WISE RE TARGET: 175GW

59018
34%

ER
12616

7%

oth NER

thers 1820

NR 751 1%

46319 0%
TOTAL 175 GW 27%

The tentative Statgvise breakup of Renewable Power target corresponding to installed capacity of 175 GW to be
achieved by the year 2022 is showrEixhibit 6.8. Details are placed &nnexure-6.3.
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Exhibit 6.8

PROJECTED RES INSTALLED CAPACITY IN RE RICH STATES BY
202122

Madhya Pradesh Others*
7% 23%

/

. Maharashtra
I 13%

Tamil Nadu

Uttar Pradesh
8%

Rajasthan \
8% r

Karnataka
8%

Gujarat 12%
10%
Andhra Pradesh
PROJECTED RES CAPACITY 175 GW 11% *ALL OTHER

It can be seen that 8 States in Instiall contribute about 77% of the Renewable installed capacity by 2022.
The yearwise targets set by Ministry of New & Renewable Energy (MNRE) to accomplish the-sqatarhet of
1,75,000 MW installed capacity of renewables by 2022 are giv&alite 6.3.
Table 6.3
Year-wise targets of Renewable Energy Sources
(All figures in MW)

Capacity addition*

Category

201718 | 201819 | 201920 202021 202122
Rooftop Solar 5,000 6,000 9,000 9,000 10,311
Ground Mounted 10,000 10,000 10,000 10,000 8,400
Solar
Total Solar 15,000 16,000 19,000 19,000 18,711
Wind 4,700 5,300 6,000 6,000 5,720
Biomass 350 350 350 350 304
Small Hydro 100 100 100 100 220
Power
TOTAL 20,150 21,750 25,450 25,450 24,955

*The capacity has been adjusted to arrive at total RES capacity of 175 GW by 2022
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6.6 PROJECTION OF RENEWABLE ENERGY GENER ATION

Based on the projections of capacity addition targets from Renewable Energy Sources by the y2aa2021

furnished by MNRE and considering an RES capacity addition of 1,00,000 MW during the perie2i’2@xpected
electricity generation from various mwable energy sources has been estimated and is giVablm6.4and

Exhibit 6.9. It can be seen that contribution of RES will be around 21% of the total energy of the country in the year
202122 and 24% by 20287.

Table 6.4
Estimated Electricity Generation from RES in years 202122 and 202627

Expected Generation in (BU)
I(?as tzlj:?d Contribution
Year pacity i ) of RES to
of RES | Solar | Wind | Biomass | SHP | Total | a0 Energy
GwW) Demand(%)
202122 175 162 112 37 15 326 20.1%
202627 275 243 188 63 24 518 24.4%

Exhibit 6.9

PROJECTED ELECTRICITY GENERATION FROM RES BY 20622

Wind

l\

Solar

50% .
Biomass

11%

SHP
PROJECTED TOTAL RES GENERATION 326 BU 5%

6.7 RECENT ACHIEVEME NTS IN DEVELOPMENT O F RENEWABLE ENERGY

1)
2)

3)
4)

5)

Solar project of capacity 20,904 MW were tendered in 20A.50f these 11,209 MW have already been
awarded and 9,695 MW are in process of getting awarded.

InternationalSolar Alliance of 121 tropical countries to develop and promote solar energy, to be headquartered
in India.

34 Solar parks of capacity 20,000 MW in 21 States have been sanctioned.

Green Energy Corridor worth 3 8 gnoDpdwercgerenatedsfronb e i n g
renewable energy sources.
Clean environment cess increased 8 times from 50

Ganga Rejuvenation.
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6.8 RECENT RENEWABLE ENE RGY INITIATIVES

6.8.1 Solar Parks

Government of Indidas chalked out the target of developing 100 GW of solar power plants by 2022. Solar parks are
basically clearly demarcated development zones with proper infrastructure like roads and other amenities. State
Governments or EPC developers acquire the lamdyp transmission lines, get the required government permissions
and approvals, and offer the facility to the companies who can put up their solar projects on the land and offer the
operators a fee. Thus, the risk associated with the projects are gnagathized.

The first solar park in the country was established at Charanka solar park in Gujarat. This was closely followed by the
Bhadla solar park in Rajasthan. The concept of solar parks has given an impetus for rapid development of solar power
projecs in the country. 34 no of solar parks in 21 States with an aggregate capacity of 20,000 MW have been approved.
Large size projects have a potential to bring down the cost of solar power. Thereford)edjr&olar power projects

having capacity of 500 MVér above have been proposed. Large chunks of land are available in a few States for solar
park development.

6.8.2 National Offshore Wind Energy Policy, 2015

Under the policy, the Ministry of New & Renewable Energy (MNRE) has been authorized as the nodal Ministry for

the use of offshore area within the Exclusive Economic Zone (EEZ) of the country and the National Institute of Wind
Energy (NIWE) has been authped as the nodal agency for development of offshore wind energy in the country and

to carry out the allocation of offshore wind energy blocks, coordination and allied functions with related ministries and
agencies. It would pave the way for offshore winérgy development including setting up of offshore wind power

projects and research and development activities, in waters, in or adjacent to the country, up to the seaward distance of
200 nautical miles (EEZ of the country) from the base line. Prelimemssgssments along the 7,600 km long Indian
coastline have indicated prospects of development of offshore wind power. With the introduction of the National
Offshore Wind Energy Policy, the Government is attempting to replicate the success of the onshpmmwem

development in the area of offshore wind power development.

The scheme would be applicable throughout the country depending upon the offshore wind potential availability.
6.8.3Indian Wind and Solar Resources Atlas 2015

Wind Energy Resources Map of India at 100 meter above ground level and Solar Radiation Map at ground level on
online Geographic Information System (GIS) platform has been launched. This online Wind Atlas is available online
on the NIWE websitevww.niwe.resin. The Wind and Solar Resource maps will not only help and guide the wind &
solar power developers and other stakeholders in identifying potential areas for the development of wind & solar
power projects in the country but also help the central andajatecies in planning and developing the infrastructure
including transmission system, required for installing renewable power projects in these potential areas.

6.8.4 Solar Cities

Under the programme of development of Solar Cities, the Ministry of New&eRable Energy(MNRE) has

approved 56 solar city projects, against the target of development of 60 nos. of Solar Cities. The Solar Cities
programme is designed to support/encourage urban local bodies to prepare a road map to guide their cities in
becomingrenewable energy cities or Solar Cities.

The ministry has already initiated various programmes in the urban sector for promoting solar water heating systems
in homes, hotels, hostels, hospitals and industry; deployment of SPV systems/devices in uslfan dee@nstration

and awareness creation; establishment of O0Akshya Urja
industrial waste/biomass to energy projects. The solar city programme aims to consolidate all the efforts of the
ministry inthe urban sector and address the energy problem of the urban areas in a holistic manner.

The Solar City programme aims to:

i Enable and empower urban local governments to address energy challengelgaticity

i Provide a framework and support to prepar®laster Plan including assessment of current
energy situation, future demand and action plans.

1 Build capacity in the urban local bodies and create awareness among all sections of civil society.

i Involve various stakeholders in the planning process.

RENEWABLE ENERGY SOURCES
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1 Overseelte implementation of sustainable energy options through ppiliate partnerships.

6.85 Solar pump
The Government has implemented a scheme to install one lakh solar pumps for irrigation and drinking water through
state nodal agencies and NABARD. Thesenps would help lakhs of farmers in increasing outputs, income and also
in providing drinking water. According to estimates, drinking water problems will be solved for more than 7.6 lakh
families through solar pumps for drinking water. MNRE provides 38pftal subsidy to farmers for installation of solar
pumps for irrigation purpose through state nodal agencies. The state governments can give additional subsidy. The
Government presented 40% subsidy with mandatory loan to farmers for irrigation purmposg tNNABARD. The
ministry has issued supplementary guidelines for 1,00,000 solar pumps during 2014and a sum of 3
was released to various agencies for the purpose.
6.8.6 Dlar projects under National Solar Mission
Union Cabinet approvedehimplementation of scheme for setting up of 15,000 MW ofgoighected solar PV power
projects under the National Solar Mission through NTPC/NTPC Vidyut Vyapar Nigam Limited (NVVNL) in the three
tranches namely, 3000 MW under trandhender mechanism dfundling with unallocated coal based thermal power
and fixed levellised tariffs, 5,000 MW under trandheith support from government to be decided after getting some
experience while implementing tranehand balance 7,000 MW under trandlie without any financial support from
the government. Successful completion of additional 15,000 MW capacity afaritected solar PV power generation
projects with largely private investment under the National Solar Mission would accelerate the processiog agliev
tariff parity for solar power and would also help in reducing consumption of kerosene and diesel, which is presently in
use to meet the unmet demand.
6.9 GENERATION PROFILE OF SOLAR AND WIND
Normally generation from a solar plant gradually insesaafter dawn and reaches a maximum around noon and then
gradually decreases and becomes zero with the advent of evening. An ideal generation profile of a solar plant is shown
in Exhibit 6.10.

Exhibit 6.10

SOLAR DAILY GENERATION CURVE
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However, the generation from an individual B¥stem may not be very smooth. Because of the cloud movement, the
generation would be affected. Cloud movement is highly unpredictable. This makes the output from a solar plant
uncertainCloud covercan resit in very rgid changesn the ouput ofindividual PV systens. The uncertainty
associated with the output of a single PV system can be smoothened out in tw aggsegating a large no. of PV
systems and ii) aggregating the output of different PV systems scattered at dispersed geographic Actiigons
number of PV plantsincreaes,their nomalized,aggreyate output becomes snoother as shown ifexhibit 6.11.
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Wind energy is subjected to daily and seasonal weather patterns. Changesgendration occur slowly during the
course of hours during approaching storm. This is different from the solar generation where changes occur rapidly and

Exhibit 6.11
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(Source: NREL)

variation may be from second to second due to cloud céugpical daily wind generation curve is skio in Exhibit

6.12

Exhibit 6.12
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6.9.1 Combined Solar and Wind Generation Curve
As per the program chalked out by Government of India, total RES capacity by March, 2022 will be 175 GW

comprising of 100 GW solar, 60 GW wind, 10 GWmaiss and 5 GW small hydro. Solar and wind plants would be

scattered throughout the country. The tgetheration on account of VRE (i.e. solar and wind) in 22 At any

instant of time shall be the aggregate of the generation from all the solar plants and wind plants. Expected generation

patterns of solar and wind for different seasons are given iBxhibit 6.13 (a) to (e).
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Seasonal variation of RES Generation
Exhibit 6.13(a)
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Exhibit 6.13(b)
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Exhibit 6.13(c)

OCT-NOV
60,000
50,000 ”’,,. ™~
40,000 ’/ 0,
2 30,000 / \,
= &
20 ’ 000 A—A_A‘ A—A~A_A_A Ay, e s Rl A-A-A_, S v —
10,000 /’ "
0 *=0=0—0=0—0=¢ Ne—o—0—0—0—4
1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24
ewime \\iNd  ==¢==Solar

RENEWABLE ENERGY SOURCES
6.14



AT
Central Electricity Authority

National Electricity Plan

Exhibit 6.13(d)
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Exhibit 6.13(e)
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The solar and wind energy generation varies from not just one day to another but also from one season to other over
the year. The variations of projected maximum solar and wind generation for each day over the y2are2621
shown inExhibit 6.14. As canbe seen from the graph, months of June to September have high generation from both

sol ar and wind sources. However

t

may

be

not ed

t hat

Therefore, at any hour during the day, the total projected VRErgton will always be less than the algebraic sum of

the individual projected peak solar and peak wind generation.
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Exhibit 6.14
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The variations of projected peak solar + wind generation for each day over the ye@22@y2Ishown iExhibit
6.15.Again as seen aboveonths of June to September have highest combined generation from solar and wind

sources.
Exhibit 6.15
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The duration curve of projected peak all India variable generation from renewable sources (Solar + wind) is shown in
Exhibit 6.16 below. It can be seen that the peak All India VRE generation for 100 days out of 365 days in the year

will be more than 78 GW.
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Exhibit 6.16
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It can be seen th#tte maximum generation from VRE sources would be available during the day at noon time when
the system demand is very low. During evening, the availability of generation from VRE is very limited. In India,
normally the peak demand occurs in the eveningirigithat time, limited generation from VRE would be available.
This would make the Net Demand Curve very steep requiring the availability of flexible generation that eap ramp
very quickly. The ramping requirement for 2622 for 8760 hours (24X365) hdeen estimated and is shown in
Exhibit- 6.17.

Exhibit 6.17
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A comparison of the ramping duration curve for the Total Demand and Net Demand is sloduibat6.18.
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Exhibit 6.18
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It is evident from the curves that the ramping requirements for Nat Carve is much higher than the original Load
Curve.

Capacity Utilization Factor (CUF) is the ratio of the actual output from a plant over the period to the maximum
possible output from it for the period under ideal conditions. CUF for RES is genengilipwe A typical example of
the change of CUF for wingenerator and a solar generator over different months of the year is shéxhibit

6.19.

Exhibit 6.19
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6.10 INTEGRATION OF RENEW ABLE ENERGY SOURCES IN THE GRID
The share of renewables in the overall generation miX

ambitious plan of having RES capacity of 175 GW by March, 2022 has accelerated the capacity addition from
Renewable Energy Sources(REB)e capacity addition from RES has opened up opportunities as well as challenges.

A distinct difference exists between conventional generating plants and RES. The generation from the conventional
plants can be programmed to vary as per the requiremesdds.| That is why it is called dispatchable generation.
Generation from Variable Renewable Energy Sources like wind and solar power depends on nature and hence is called
non-dispatchable. Furthemariability anduncertainty are the two aspects associatgth generation from Variable

Renewable Energy (VREYariability refers to the variation of generation over a period of time. For example,

generation from solar plants is expected to follow a fixed pattern like maximum generation during noon time and
ANbLat night. Similarly, genermakimuwndurihgrmnmmoowi nd f ol | ows
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Uncertainty refers to the unpredictability of generation from VRE. For example, generation from solar plants are
expected to be maximum during noon. But dueldoa cover, the generation may get affected. This is the uncertainty

part of solar generation. Furthermore, in conventional power plants, power generated from the plants are transported
through high voltage transmission links and then distributed to theuawers through distribution networks. In case of
RES, the generating plants are mostly connected at the
directional flow of electricity from grid to customers and from customers to the grid. Agymeration from VRE are
variable and uncertain, requisite balancing power from conventional sources and energy storage devices is required to
be made available as reserve to ensure that demand at any time is fully met. Another aspect that needmonassidera
that the generation from solar plants peaks when the demand during the day is low and has zero generation in the
evening when the load on the grid is maximum. This requires fast ramping up capabilities of conventional generators.
Therefore, integting this VRE sources into the existing grid offers a challenge. The basic principle governing the
integration of VRE sources into the grid is to ensure the integrity, security and reliability of the grid. More than

anything else, integration of VRE intbet grid poses technological and operational challenges.

Some of the challenges that need to be addressed are discussed below:

6.10.1 Flexibility Associated with Conventional Generating Units

To accommodate the variability and uncertainty of generation R&S, the conventional generating plants must be
flexible. The flexibility of generating station refers to its ability (i) to cycle on and off including its lead time dquire
(i) the ramping rate at which it can vary the generation; and (iii) maximdnranimum output while it is in

operation.

The IEA provides a generic characterization of the differences between flexible and inflexible plants. Flexible coal
plants offer ramping rates of&8%/minute, 25-hour stardup times, and minimum output limits 20-40% (of

maximum), compared to inflexible plants with ramping rates of less than 4%/mirAtdeodr startup times and

minimum output limits of 4860%. Flexible natural gas plants show similar improvements, with minimum output

limits of 15-30% compeedto 405 0 % f or i nfl ex-abtengbagas.tuAbifihaspl ant s
offer startup times of just 40 minutes. Flexible nuclear plants offer minimum output limits-60%§) compared to

100% for inflexible plants. In France,isting nuclear plants can ramp down to 30%, with ramp rates of up to

1%/minute.

In terms of flexibility, hydro plants, pumped storage plants, open cycle gas turbine, gas engines etc. are very suitable.

Coal plants are classified as constant output or bagqilants and are rarely turned down or turned off frequently.
Essentially, they are considered as inflexible. These plants experience reduced efficiency, more maintenance, lower
equipment lifetime and reduced cost etc. if subjected to cycling or frecarep up and ramp down. However,

existing coal based plant can be redesigned/retrofitted to enable quiakpstamd ramping.

In Denmark and Germany, thermal stations are extensively used for cycling as well as ramping.

Combinedcycle natural gapower plants normally run as baseload plants or intermediary load plants. While open
cycle gas power plants are capable of cycling and ramping, corabyatinatural gas power plants are also flexible
to some extent and may be retrofitted to be morékflex These, however, will lead to some loss of generation
efficiency, high maintenance cost and higher emissions.

Nuclear power plants are considered to be the most inflexible of baseload plants. But this plant can also be operated
as a flexible plantf designed properly. In Germany and France, nuclear plants offer flexibility in operation. In India,
the nuclear plants are operated as base load plants, with minimum variability from the point of consideration of safety
and security. Also, with the rapadvancements in energy storage technology, in future if it becomes economically
viable, then it can also prove to be a vital resource for providing balancing power.

6.10.2 Transmission Strengthening

Solar and wind map of India indicates that the poé¢iofi solar and wind power is concentrated mostly in few solar
and wind rich States. In fact, 8 States in India accounts for more than 77% of the RE capacity addition by 2022. The
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solar and wind power generated by these states may not be consumed thdigebgtates. Power generated from RES
by these states needs to be transported to the load centers through transmission networks. This may require
strengthening of existing grid networks or alternately the use of storage devices.

In India, Green Energy Corridors for evacuation of power from the regions having high concentration of RES is in the
process of implementation.

6.10.3 Advanced Forecasing

Wind and slar powver forecasting can hdp redice the unertainty of variable renewabie genegtion. Better
forecasting helps gid operators to @mirit or decommit geneatorsin accanmodating chamesin wind and sdar
generation moreefficiertly and pepae for extreme evemsin which renewalde germrationis urusudly high or low.
Forecags can hép reducehe amount of fast response opéray reserves eeded for the sygtem, thereby redung
cods ofbalandngthe system.

Internationally, mprovements have Benmadein recent yars towards redaing mean averagéore@d errors. Day
aheadforecass can be usetb make dayahead nit commitmentdedsions. This will dive opeational efficiencyand
cost saings. Shartermforecass can be usedo determinethe needor aquick-start genegtor, demand respnse, or
othermitigating ogionsand thus drive rdiahbility.

Clouds aethe pimary cause of variaility for sobr generaion, aside from the predictalle changes dungthe

course ofthe day andhroughoutthe year. The alility to acarately forecast slar pover depends orthe charater of
cloud coverjncluding the anount ofwater oricein cloudsand aerogdls. To assessea-termimpads of
approacing clouds on slar generation, skyimagers can besad. To pretttimpads duing the nextfew hours,
saelliteimages can be used asssthediredion and peed of approauing clouds. Folonger riods,weaher
modds canbe usedo detemrmine how ¢toudsmay form and change.

In India, RES generators and system operators need to partner with IMD and ISRO for forecasting of weather and
monitoring the cloud movement to improve forecast of power output from RES.

6.10.4 Market Design

Market design affects the quantity of flexible resources. The flexibility needs of the variable renewables may be
addressed in a variety of ways including prig; schedule/dispatch interval, ancillary service market and requirement,
capacity market etc. Through proper market design, the roles of capacity market and ramping market, the roles of
distributed generation, storage and demand response into wholedaecilary market, economic curtailment of
renewables, resource aggregators etc. can be clearly spelt out.

6.10.5 Demand Response

Demand side management measures encourage the customers to maximize the use of variable renewable energy
sources whilette supply is naturally high. For example, when wind and solar PV are producing more than the

demand, demand response can incentivize consumers to use more power during that time through appropriate price
signals of low rates, thus helping shift the load ansuring better utilization of generation resources. The change in

load may occur automatically in response to time of use or dynamic rates or due to the direct control by the grid
operator or due to participation of demand response in wholesaldaneil capital market. To have effective

demand response, smarid technologies involving smart meters, communication and other methods are used.
Electric vehicle fismart chargingo is based otegrad/2G and
part of the grid and are charged or discharged in response to external signals or dynamic prices.

6.10.6 Grid Integration Cost

Integration of variable RES involves two types of costs na@eily Infrastructure Cost andSystem Operation
Cost Grid in frastructure costsincludegrid connectionandgrid upgrading costs

Grid connection costsinclude the cost of a new transmission line from the variable RES plant to the existing grid,
which would be higher than those for a coal based plant, due to @wer This cost depends basically on the
distance between the plant and the grid, the voltage level of the connection line, and the availability of standard
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equipment. The grid connection cost is an important economic constraint for renewables devéfopmeste
locations. However, these can be overcome to some extent by using energy storage devices, Phase Shift Transformers
(PSTs) and FACTS devices.

Grid upgrading costsinclude the cost of additional network equipment needed to strengthen the gderirico

integrate renewable power into the existing grids. They depend mostly on the amount of renewable capacity, the
location of the power plants and the structure of the existing grid. These costs can also be mitigating by using energy
storage devicefhase Shift Transformers (PSTs) and FACTS devices.

System operation costsan be divided intgystenprofile costsandshortterm systenbalancingcosts These
account for the extra costs of the conventional part of the power system causethtegthéon of variable
renewable power.

Profile costsis a broad concept that captures all three impacts of the temporal mismatch between VRE generation and
load profile: 1) capacity costs (adequacy costs) due to a low VRE capacity credit; 2) reduagd atikzation of
thermal power plants; and 3) curtailed VRE generation to maintain grid security when power supply exceeds demand.

Short-term system balancing costs:Due to the variability and uncertainty properties of VRE generators, the reserve
capadiy needed for yiand downregulation increases as compared to the case where the same energy is delivered by
conventional generation. The increased requirements for reserve power lead to the extra costs for the conventional part
of the power system. Thesegtra costs originate from the measures taken to ascertain increased reserve power, for
example, by the operation of conventional plants at partial load, theiptaasts and contribution of conventional

power plants with higher operating costs in tbaver system, increased weamdtear and maintenance costs of

plants.

6.11 BALANCING RESERVES

In a synchronous electrical system, the demand and supply of electricity must balance at every instant of time. Any
imbalance is reflected in the variation ofduency. Therefore, in case of imbalance, the system is to be balanced by
providing balancing power.

Based on purpose, response time, and the way they are activated, balancing power can be cat&yoriaeg as
Control(PC), Secondary Control(SC)andTertiary Control(TC) .

PC can be fully deployed within 30 seconds. It is activated by locally measured frequency deviation. PC can be
classified as a fast, automatic, spinning reserve that is used to balance the synchronous system both up and
downwards.

SC has to be available within five minutes after activation. It is activated automatically and centrally by System
Operators. SC is used to supplement PC for frequency restoration, afzhtanee the respective balancing area. SC

can be supplied mainlyylsome hydro plants and gas based plants and to some extent by synchronized thermal
generators. Hence, it is an automatic reserve that balances both the synchronous system and the balancing area up and
down. To a large extent, it is a spinning reserve.

TC is used to replace SC over time. It is either directly activated or in schedules of 15 minutes. Activation is a manual
decision usually based on current and expected deployment of SC. TC is mostly supplied-by siandal
generators.

The concepof Balancing power has assumed a great significance nowadays with the infusion of Variable Renewable
Energy(VRE) into the system. VRE generators are weather dependent and are, as such, inherently stochastic in nature.
There would be deviation between adtgeneration and forecast generation from the VRE generators. This deviation

may be positive or negative. In case of positive deviation, balancing power needs to be pressed into service. In case of
negative deviation, backing down of generation takesspta@lternatively through absorption of extra power by

energy storage devices.
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While carrying out balancing, the concept of balancing area and synchronous system are used. In India, the
synchronous system is the entire integrated grid comprising aitheeions and Bhutan. Balancing area is a
geographical subset of the synchronous system where imbalance occurs. So the balancing area may be a state or a
region. In the event of an imbalance, the target set point for the synchronous system is theyfr@tagis the

system frequency is to be brought to their normal value. However, the target set point for the balancing area is to bring
the net deviation between balancing area and the rest of the synchronous system to ZERO from schedule.

At present sygtm operators in India (SLDCs and RLDCSs) are playing an active role in balancing the system.

Internationally, the developed countries have adopted the integrated approach, involving system operator, balance
responsible parties, supplier of balancing poared regulators. All of these play the role of the system operator and
market operators. In India, the market operation is performed mainly by the power exchanges. They must work in
tandem for implementing and effective balancing system. The role offteeedt entities in the integrated approach

are described below:

Balance Responsible Parties (BRPg®)r o6pr ogram responsible partiesd are m
of balancing a portfolio of generators and/or loads. BRPs can beestilitid industrial consumers, etc. They deliver

binding schedules to system operators for each qttaotarof the next day, and are financially accountable for

deviations from these schedules.

System operatomactivate balancing power to physically balardemand and supply if the sum of BRP imbalances is
nonzero. Specifically, system operators have four obligations:

determine the amount of capacity that has to be reserved for balancing, ex ante

acquire the required balancing power reserves and degetherprice paid for capacity and energy, ex ante
activate balancing power in moments of physical imbalance, real time

determine the imbalance price, and clear the system financially, ex post.

PonNPE

Suppliers of balancing powerreserve the supply capacity, asheliver energy once activated by the system operator.
They are obliged to deliver energy under-ppecified terms, for example, within a certain time frame and with certain
ramp rates. Suppliers are traditionally mostly generators, but can also bmemnsypically, payments received by
the suppliers of balancing power have two components: capacity payment because capacity reservation occasions
opportunity costs, and/or energy payment.

A syst em iastivetyddladced owlhen At h e ors gepldy balancmgppewen The price paid for this

service is the capacity and the energy payment for balancing power. Similarly, if the Balance Responsible
Parties(BRP) takes the price sipgssivallbalanced. baHance, t bgstg
operators can either actively balance the system ordering adjustments via contracted balancing power, or passively
balance the system via sending imbalance price signals to BRPs. This is als6 caleth 1 a n Thie tinge &cale of

passive balancing can be of several minutes. Hence, it cannot replace balancing power required to respond to
stochastic disturbances.

Determining the balancing reserve is a challenge under high VRE infusion scenario. There is nacseiofable
methodology for this. Nowadays, instead of deterministic approach, stochastic approach is widely utilized. From the
historical data, the forecast errors for wind and solar generations are found out. The errors are assumed to be normally
distribued. Taking a confidence limit of 95 or 99%, the reserve requirements are estimated.

6.12 CONCLUSIONS

1 India has achieved a total installed capacity5@{244.24MW from Renewable Energy Sources as onft 31
March,2017.
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1 The countryhasset its Renewable Energy capacity addition target to 175 GW by 2022 in view of the significant
renewable energy potential in the country. To achieve this, some portion of land within the power stations can be
utilized for installation of solar PV power igeration projects.

1 Accelerated development of RES requires adequate indigenous manufacturing facility for RES related equipment.

Policy framework may be developed to encourage setting up of RES related equipment manufacturing facility in the

country Thiswwul d be consistent with the Government of l nd

technologies (renewable as well as energy efficient technologies) should be given preference in procurement.
Preparation of biomass atlas is required.

Adequateincentive mechanism may be provided for the SPV installation both for the new houses as well as old

houses/buildings.

T Repowering of existing wind power projects under the
may be encouraged along witkw wind power projects to obtain more generation from the same location as well
as a higher CUF.

=a =4
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Annexure-6.1

STATE-WISE DETAILS OF ESTIMATED POTENTIAL FOR RENEWABLE POWER IN INDIA
(ALL FIGURES IN MW)
Bio-Energy
SL‘I States / UTs Wind ﬁ;gj?g I?Digvrc:rsls Waste to Solar Es-{icrfrlete q
Power Power Bagasse | Energy Power Potential
Cogen.
1 Andhra Pradeshy 14,497 978 578 423 38,440 54,916
2 A;‘:ggggﬁ' 236 1,341 8 0 8,650 10,236
3 Assam 112 239 212 8 13,760 14,330
4 Bihar 144 223 619 373 11,200 12,559
5 Chhattisgarh 314 1,107 236 24 18,270 19,951
6 Goa 0 7 26 0 880 912
7 Gujarat 35,071 202 1,221 462 35,770 72,726
8 Haryana 93 110 1,333 374 4,560 6,470
9 Hp”r‘;":‘j‘;hsi' 64 2,398 142 2 33,840 36,446
10 J}?gr?nﬁ 5,685 1,431 43 0 1,11,050 | 1,18,208
11 Jharkhand 91 209 90 10 18,180 18,580
12 Karnataka 13,593 4141 1,131 450 24,700 44,015
13 Kerala 837 704 1,044 36 6,110 8,732
Bio-Energy
S(I)'_ States / UTs Wwind |—S|3r/](11?(|)| Biomass Solar Es-{icr)r;[glte d
Power Power Power/ Waste to Power Potential
Bagasse | Energy
Cogen.
14 | Madhya Pradest 2,931 820 1,364 78 61,660 66,853
15 Maharashtra 5,961 794 1,887 1,537 64,320 74,500
16 Manipur 56 109 13 2 10,630 10,811
17 Meghalaya 82 230 11 2 5,860 6,185
18 Mizoram 0 169 1 2 9,090 9,261
19 Nagaland 16 197 10 0 7,290 7,513
20 Odisha 1,384 295 246 22 25,780 27,728
21 Punjab 0 441 3,172 345 2,810 6,768
22 Rajasthan 5,050 57 1,039 62 1,42,310 1,48,518
23 Sikkim 98 267 2 0 4,940 5,307
24 Tamil Nadu 14,152 660 1,070 601 17,670 34,152
25 Telangana 0 0 0 0 20,410 20,410
26 Tripura 0 47 3 2 2,080 2,131
27 Uttar Pradesh 1,260 461 1,617 1,426 22,830 27,593
28 Uttarakhand 534 1708 24 5 16,800 19,071
29 West Bengal 22 396 396 148 6,260 7,222
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Bio-Energy
Sl . Small Total
No. States / UTs |\3de Hydro Biomass Solar Estimated
ower Power -
Power Power/ Waste to Potential
Bagasse | Energy
Cogen.
30 | Andamané& 365 8 0 0 0 373
Nicobar
31 Chandigarh 0 0 0 6 0 6
32 Dadar & 0 0 0 0 0 0
Nagar Haveli
33 Daman & Diu 4 0 0 0 0 4
34 Delhi 0 0 0 131 2,050 2,181
35 Lakshadweep 0 0 0 0 0 0
36 Pondicherry 120 0 0 3 0 123
37 Others 0 0 0 1,022 790 1,812
Total 1,02,772 19,749 17,536 7,554 7,48,991 8,96,602

(SOURCE MINISTRY OF NEW AND RENEWABLE ENERGY ,INDIA)
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Annexure-6.2

STATE-WISE INSTALLED CAPACITY OF GRID INTERACTIVE RENEWABLE POWER AS ON 31.03.2017
(ALL FIGURES IN MW)

Bio Power (MW)
l\?cl;. State /UT W|r2('\jmlj’\;))wer g?vsgrl-('k//ﬂ/r\lo) Solftl\;lvljgwer Total Capacity
BM Power/ | Waste to
Cogen. Energy
1 Andhra Pradesh 3,618.85 241.98 378.2 58.16 1867.23 6,164.42
2 Arunachal 104.605 0.27 104.875
Pradesh
3 Assam 34.11 11.78 45.89
4 Bihar 70.7 113 108.52 292.22
5 Chhatisgarh 76 228 128.86 432.86
6 Goa 0.05 0.71 0.76
7 Gujarat 5,340.62 16.6 65.3 1,249.37 6,671.89
8 Haryana 73.5 96.4 814 251.30
9 Himachal Prades} 831.81 0.73 832.54
10 sammnu & 158.03 1.36 159.39
11 Jharkhand 4.05 23.27 27.32
12 Karnataka 3,751.40 1,225.73 1,452.00 1 1027.84 7,457.97
13 Kerala 515 213.02 74.2 338.72
14 Madhya Pradesh|  2,497.79 86.16 93 3.9 857.04 3,537.89
15 Maharashtra 4,771.33 346.175 2,065.00 12.72 452.37 7,647.60
16 Manipur 5.45 0.03 5.48
17 Meghalaya 31.03 0.01 31.04
18 Mizoram 41.47 0.1 41.57
19 Nagaland 30.67 0.5 31.17
20 Orissa 64.625 50.4 79.42 194.45
21 Punjab 170.9 179 9.25 793.95 1,153.10
22 Rajasthan 4,281.72 23.85 119.3 1,812.93 6,237.80
23 Sikkim 52.11 0 52.11
24 Tamil Nadu 7,861.46 123.05 878 8.05 1,691.83 10,562.39
25 Telangana 100.8 158.1 1286.98 1,545.88
26 Tripura 16.01 5.09 21.10
27 Uttar Pradesh 25.1 1,933.00 5 336.73 2,299.83
28 Uttarakhand 209.32 73 233.49 515.81
29 West Bengal 98.5 300 26.14 424.64
30 Adaman & 5.25 6.56 11.81
Nicobar
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31 Chandigarh 17.32 17.32
32 Dadflrafewagar 2.97 2.97
33 Daman & Diu 10.46 10.46
34 Delhi 16 40.27 56.27
35 Lakshwadeep 0.71 0.71
36 Pondicherry 0.08 0.08
37 Others 4.3 58.31 62.61
Total 32,279.77 4,379.86 8,181.70 114.08 12,288.83 57,244.24
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ANNEXURE-6.3
TENTATIVE STATE -WISE BREAK -UP OF RENEWABLE POWER TARGET TO B E ACHIEVED BY
THE YEAR 2022 FOR CUMULATIVE ACHIEVEMENT OF 175 GWINSTALLED CAPACITY
ALL FIGURES IN MW)

State/UTs Solar Power | Wind Small Hydro TOTAL
Power Power+
Biomass
Power
Delhi 2,762 32 2794
Haryana 4,142 234 4.376
Himachal Pradesh 776 1,500 2276
Jammu & Kashmir 1,155 158.03 1.313
Punjab 4,772 359.15 5131
Rajasthan 5,762 8,600 143 14.505
Uttar Pradesh 10,697 2524 13.221
Uttarakhand 900 897 1.797
Chandigarh 153 153
Northern Region 31,119 8,600 5,847 45,566
Goa 358 358
Gujarat 8,020 8,800 313 17.133
Chhattisgarh 1,783 304 2087
Madhya Pradesh 5,675 6,200 183.06 12.058
Maharashtra 11,926 7,600 2519 22 045
D. & N. Haveli 449 449
Daman & Diu 199 199
Western Region 28,410 22,600 3,319 54,329
Andhra Pradesh 9,834 8,100 678.34 18,612
Telangana 2,000 158 2158
Karnataka 5,697 6,200 2920 14,817
Kerala 1,870 213.02 2083
Tamil Nadu 8,884 11,900 1009.10 21793
Puducherry 246 246
Southern Region 26,531| 28,200 4,979 59,710
Bihar 2,493 269 2762
Jharkhand 1,995 10 2005
Orissa 2,377 115 2 492
West Bengal 5,336 398.5 5735
Sikkim 36 52.11 88
Eastern Region 12,237 845 13,082
Assam 663 34.11 697
Manipur 105 5.45 110
Meghalaya 161 31.03 192
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State/UTs Solar Power |  Wind Small Hydro TOTAL
Power Power+
Biomass
Power
Nagaland 61 30.67 92
Tripura 105 16.01 121
Arunachal Pradesh 39 200 239
Mizoram 72 41.47 113
North Eastern Region 1,206 359 1565
Andaman & Nicobar Island; 27 5.25 27
Lakshadweep 4 4
Other ( New States) 58.31 600 120 720
All India 99,592| 60,000 15,474 1,75,066
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CHAPTER 7
HYDRO POWER IN INDIA

7.0 INTRODUCTION

India has considerable hydro power potential, which being a renewable source of energy can play a key role in reducing
the carbon footprint of the Indian power sector and efforts are being set afoot in this dike¢iymro Electric Project

has a long useful life extending to well over 50 years and helps in conserving scarce fossil fuels. Development of hydro
projects is important to meet the objective of sustainable development and for energy security of tlye countr
Development of hydro power projects also provides the added advantage of opening up avenues for development of
remote and backward regions of the country. Hydro power stations have the inherent ability for instantaneous starting,
stopping and managingdd variability which helps in improving reliability of the power system. Hydro Electric
Projects are ideal for meeting the peak requirement and the balancing requirement arising due to variability of renewable
energy sources.

7.1. HYDRO-ELECTRIC POWER POTENTIAL AND DEVELOPMENT

7.1.1 Hydro-Electric Potential

An assessment was made of the hyelextric potential in the country by CEA in the year 1987, based on observed
basic data on topographic features of river basins, discharge characteristiess@tt a large number of sites, geological

and other information. According to the assessment, the total Hydro Electric Power potential in the country was assessed
as 84,044 MW (at 60% load factor) from a total of 845 number of identified H.E. Schemosswinen fully developed

would result in an installed capacity of about 1,48,701 MW on the basis of probable average load factor. The total hydro
energy potential is assessed as 600 billion units per year. The Great Indus, the Ganga and the Brakerapwitfa ri

their innumerable tributaries originating from the Himalayas constitute about 70% of the country's assessed hydropower
potential. In addition, the assessment studies have also identified 63 sites for Pumped Storage Schemes (PSS) with total
instalation of about 96,000 MW. In addition to above, a sizable potential was identified by CEA for development of
micro, mini and small hydro schemes on rivulets and canal drops. 1,512 no. of smalélegtiic schemes having
aggregate installed capacity atbove 6,782 MW on canal falls/rivers have been identified. The matter relating to H.E.
Projects up to 25 MW is being looked after by MNRE and the potential of small H.E. Projects has been assessed by
MNRE as 19,749 MW.

As on 3F March,2017, Hydro Electric Schemes (above 25 MW capacity) have a total installed capacity of 44,478 MW
including Pumped storage schemes (PSS) capacity of 4,785 MW. The hydro schemes under construction, account to
capacity 0fl0848.5 MW (excluding PSS ofd80 MW). Hydro Electric schemes totaling to capacity of 25,160 MW are
concurred by CEA and yet to be taken up for construction, schemes totaling to 6,414 MW are under examination in
CEA, DPRs of capacity totaling to 8,094 MW has been appraised but iktiameesubmission, schemes totaling to

6,327 MW are under study and investigation(S&l) and schemes totaling to 13,857 MW on which Study & Investigation

is held up or yet to be taken up. Summary of the status of Hydro Electric Potential developmerttuntilyds indicated

in Tables 7.1.
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Table 7.1

Summary of the status of Hydro Electric Potential

(As on 31st March ,2017)

Conventional Pumped Storage
Nos. Capacity (%) Nos. | Capacity (%)
(MW) (MW)

Total Potential 145320* 96524
Schemesunder Operation 193* 39692.8 27.31 9 4785.6 4.96
Schemes under Construction X" 10848.5 7.47 2 1080 1.12
DPRs Concurred by CEA &
yet to be taken up for 43 25160 17.31 1 1000 1.04
construction
DPRs under Examination by 9 6414 4.41 0 0 0
CEA
e L P 8094 5.57 1 500 0.52
resubmission
Under S & | for preparation
of DPRs 40 6327 4.35 0 0 0
Schemes under S&l Held 42 13857 954 0 0 0
Ul DEE Y U el2)r 394 | 1103933 | 7597 | 13 | 73656 | 7.63
Development

Energy (MNRE).

Note: - The matters relating to hydro projects below 25 MW are looked after by Ministry of New & Renewable

#1 Unit (40 MW) of Panchet and 1 unit (110 MW) of Nagarjunasagar included in PSS.
* Excluding projects below 25MW. (148,701 MW includibglow 25 MW power projects)

Region wise and basin wise status of hydroelectric capacity is givieable 7.2 Table 7.3andExhibit 7.1.

Table 7.2

Region wise Status of Hydro Electric Capacity
(In terms of Installed Capacity-above 25 MW as on 31st Marct2017)

I dentified Capacity
asper
Assesgnent

study (MW)

Capacity
Under
construction

Capacity
Developed

Capacity yet
tobe
developed

Total Above
(MW) 25MW (MW) % | (MW) (%) (MW) (%)
)
Northern 53395 52263 18527.3 | 35.45| 48985 | 9.37 | 28837.3 | 55.18
Western 8928 8131 5552.0 | 68.28| 400.0 | 4.92 | 2179.0 | 26.80
Southern 16458 15890 9653.1 | 60.75| 1150.0 | 7.24 | 5086.9 | 32.01
Eastern 10949 10680 47185 | 44.18| 1446.0 | 13.54| 45156 | 42.28
North
Eastern 58971 58356 12420 | 2.13 | 2954.0 | 5.06 | 54160.0 | 92.81
All India
148701 145320 | 39692.8 | 27.31| 108485 | 7.47 | 94778.7 | 65.22

Note:- 1.Inadlitionto above 4785.60 MW PSS are under operation and 1080 MW PSS under construction.
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Exhibit 7.1

REGION WISE STATUS OF HYDRO ELECTRIC CAPACITY

Percentage(%)

100 92.81

80 68.28 50.75
: 55.18
60
44.18
35.4
40 27.31
20 I 213I 937 77 13.54
: 2
. 1 -

Capacity Developed Capamty Under Construction Capamty Yet to be

20I

42.28

Developed
® NORTHERN ® WESTERN ® NORTH EASTERN
m ALL INDIA SOUTHERN m EASTERN
Table 7.3

Basin wise Status of H.EPotential DevelopmentBasin wise

(In Terms of Installed Capacity-Above 25 MW as on 31 March,2017)

I dentified
Capacity as per Capacity ]
Reassesment Capacity Developed Under Capach/)él\gete(tjo 2
Study (MW) Construction P
River Basin
ROV Mw) | ee) | (W) | @) | (Mw) | (%)

Indus 33832 33028 13798.3 | 41.78 3357.5 10.17 15872.2 48.06
Ganga 20711 20252 5317.2 26.26 1541.0 7.61 13393.6 66.14
Central
Indian River 4152 3868 31475 | 81.37 400.0 10.34 320.5 8.29
System
West Flowing
Rivers 9430 8997 5681.7 63.15 100.0 1.11 3215.3 35.74
Q/atem
East Flowing
Rivers 14511 13775 8163.2 | 59.26 1050.0 7.62 4561.9 33.12
Qustem
Brahmaputra 66065 65400 3585.0 5.48 4400.0 6.73 57415.0 87.79
Total 148701 145320 39692.9 | 27.31 | 10848.5 7.47 94778.7 65.22

Note:- 1.Inadlitionto above 4785.60 MW PSS are under operation and 1080 MW PSS under construction.
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7.1.2 Share of Hydro-electric Installed Capacity & Generation

A small HydreElectric Plant (130 kW) established near Darjeeling, West Bengal inug®fed the beginning of
hydro-electric power development in the country. Since then, development of-glgatoic power in the country

has made rapid strides. The hydro installed capacity which was only 508 MW in 1947 with 12 no. of HEP (51 units),
with maximum unit size of 22 MW at Bhira HEP of Tata Power, has risen to 44,478.5 MW &as\bar8,2017

from Hydro Electric stations above 25 MW capacity. Conventional Hydro Electric Stations-affriuer type,

single purpose hydroelectric stationgh storage, multipurpose projects as well as pumped storage projects have
been executed throughout the country. The maximum unit size is now 250 MW at Koynal\Staige
MAHAGENCO, Nathpa Jhakri of SJVNL, Tehri of THDC and Karcham Wangtoo of JPVL.

The installed capecity of Hydro-Electric Stations vis-a-vis total capadty, the cortributionin geneation by

hydro plarts and trend of hydro capaity & generation over the years are indicated in Table-7.4 and at

Exhibit 7.2. From Table 7.4, it may be observed that the overall share of hydro in terms of indalled

capacity in the courtry has risen from 37.30% at the end of 1947to 50.61% during 196263 andthereafter
declinedto 13.6% at the endof 201617. The generation from hydro stationsduring theyear 201617, accounts

for 10.59%0f the total energy gereration in the country. Region wise summary of hydro Installed capacity are
indicated inTable 7.5.

Sector wise contribution of hydro geneation during the year 20167 in Central, State and Private sectors
were 47.3%, 42.0% and 10.7%respetively while ector-wisedistribution of hydro indalled capadty as on
315t March,2017in Cenral, State and Private Sectors is 26.2% 66.7% and 7.1% respectively. These
details are illugrated in Exhibit 7.3.
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Table 7.4 .
Hydro-Electric Capacity & Generation Vis-A-Vis Total Capacity &
Generation

Installed Capacity Generation

Hydro Hydro as
Total Hydro as Total Hydro (MU) % of Total
(MW) (MW) % (MU)
of
To

1947 1362 508 37.30 4072 2194 53.88
1950 1713 560 32.63 5106 2519 49.33
195556 2836 1061 36.76 9145 4295 46.97
196061 4653 1917 41.20 16937 7837 46.27
196263 5801 2936 50.61 2236 11805 52.78
196566 9027 4124 45.68 328D 15225 46.29
1968-69 12957 5907 45.59 4743 20723 43.69
197374 16664 6966 41.80 6663 28972 43.44
197879 26680 10833 40.60 10252 47159 46.00
197980 28448 11384 40.02 10462 45478 43.47
1984-85 42585 14460 33.96 15685 53948 34.39
198990 63636 18307 28.77 24543 62116 25.31
1991-92 69065 19194 27.79 28702 72757 25.35
199697 85795 21658 25.24 39588 68901 17.40
1997-98 89203 21904 24.58 42174 74582 17.68
199899 92269 22479 24.10 44746 82923 18.53
199900 97837 23857 24.37 48112 80755 16.78
200001 101460 25153 24.75 49942 74362 14.89
2001-02 105046 26269 25.01 51506 73759 14.32
200203 107877 26767 24.81 53160 63834 12.01
2003-:04 112634 29507 26.19 55811 73775 13.22
200405 118419 30936 26.12 58741 84495 14.38
2005-06 124287 32326 26.01 62463 101293 16.22
2006-07 132221 34662 26.19 65951 113359 17.19
2007-08 1430%1 37002 25.86 70446 12324 17.52
2008-09 14797 36846 24.91 71465 109840 15.37
2009-10 15938 36363 23.13 76342 103916 13.61
2010-11 173626 37567 21.64 80553 11457 14.18
2011-12 199877 38990 19.51 871602 130510 14.97
2012-13 22334 39491 17.68 907262 113720 12.53
2013-14 243@9 40531 16.68 961552 134348 14.02
2014-15 267637 41267 15.42 1043665 129244 12.38
201516 302088 42783 14.16 1102578 121376 11.00
201617 326832 44478 13.6 1154523 122377 10.59

Note:Capacity above 25 MW only hasbeenconsidered. Generation from only Conventional Sources considered
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Table 7.5

Regionwise summary of Hydro Electric Installed Capacity
(Above 25 MW Capacity as On 3% March,2017)

NO. OFUNITS CAPACITY
NoNe]= MW)
STATIONS

18527.27
29 101 7392.00
70 252 11773.45
20 74 5543.70

10 29 1242.00

198 694

44478.42
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Exhibit 7.3

GENERATION (AS ON 31.03.2017)

51,351

State Private

m |nstalled Capacity (MW)  m Generation (MU)

ALL INDIA SECTOR WISE HYDRO INSTALLED CAPACITY AND
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3,144
Ay | ]

Central

57,904

Typical variation in hydro generation in different seasons are shot&xhifit 7.4.

Exhibit 7.4(a)
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Exhibit 7.4(c)
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7.2 HYDRO POWER 1 A FLEXIBLE SOLUTION

The power system operation stabiligquires the system to minimise fluctuations between demand and supply. This
encompasses, for example, short term reserves (generation, storage, demand response) to cover potential incidents,
which decrease power supply to the system, or to respond tbtehmorvariations in demand and generation.
Hydropower therefore provides an ideal solution for the challenges of a transitioning power system.

Hydropower brings a strong contribution to flexibility in the power system today filling the gap between augply
demand that has been induced by the-dispatchable variability of RES. The storage capabilities of many hydropower
plants make them a perfect instrument for optimising the use of variable RES over shorter and longer periods.
Hydropower also provides number of ancillary services which are needed in order to manage a transmission system in
a way that secures system stability and security of supply. Moreover, during power system restoration, such as in the
case of an extreme event (e.g. blackout)jlauy loads of conventional thermal and nuclear power plants need external
power source, which can be provided quickly by hydropower.

Hydropower plants with reservoirs reduce the dependency on the variability of the natural inflow and enable adjustments
of power generation to the variability in demand. These plants are operated on a scheduled basis taking into account
data regarding watdlow forecast and consumption patterns. They are commonly used for intense load following and

to meet peak demand. The generation of gealt energy from reservoir type hydropower plants allows the optimisation

of baseload power generation from othask flexible electricity sources, such as nuclear and thermal power plants.
Besides contributing to water management activities (flood control, irrigation, drinking water, etc.), hydropower plants
with reservoirs also introduce unique benefits to the rbitgtsystem. There are different types of hydropower plants

with reservoirs.

Storage hydro plant (or conventional resertgpe hydropower plant) takes advantage of large reservoirs with natural
inflow of water and the possibility to reduce or inceeéise water outflow instantaneously. The water is stored in the
reservoir and no pumps are needed. Pumped storage power plants store energy by pumping water from a lower to a
higher reservoir and converting the potential energy back into electricity. Témes®oirs can be natural or artificial.

Both types of pumped storage plants enable the power system to receive and store energy in periods of low demand or
excessive generation, and generate electricity in times of higher demand. The role of pumgethwgtioogower plants

is twofold: they balance the grid for demathdven fluctuations, and balance generatilsiven fluctuations. Storage
possibilities combined with the instant start and stop of generation make hydropower plants very flexible. Pumped
starage and storage hydro with peak generation are able to cope with high gerdradinriluctuations and can provide

active power within a short period of time.

Conventional reserveitype hydropower plants and pumped storage power plants can provifldl Hamge of grid
stabilising services in view of their ability to follow demand or generation fluctuations within only a few minutes. There
are several different ancillary services or grid stabilising services of hydropower, thus facilitating thetianteafr
variable RES into the power system and providing a key tool to maintain a stable and balanced grid:
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ABack-up and reserve:hydropower plants have the ability to enter load into an electrical system from a source that is
not online. Hydropower an provide this service while not consuming additional fuel, thereby ensuring minimal
emissions.

AQuick-start capability: hydropower's quiclstart capability takes just a few minutes.

ABlack start capability: hydropower plants have the capabilityrtm at a zero load. When loads increase, additional
power can be delivered rapidly to the system in order to meet demand.

ARegulation and frequency responsehydro plants contribute towards maintaining the frequency within the given
margins through coimtuous modulation of active power and to address motwembment fluctuations in system power
requirements. Hydropower's fast response ability makes it especially valuable in covering steep load gradients (ramp
rates) through its fast logdllowing.

Avoltage support: hydropower plants have the ability to control reactive power, thereby ensuring that power will flow
from generation to load. They also contribute to maintain voltage by injecting or absorbing reactive power to the
system/Grid.

ASpinning reserve:hydropower supports the dynamic behaviour of the grid operation. Hydropower plants can provide
spinning reservé additional power supply that can be made available to the transmission system within a few seconds
in case of unexpected load changethe grid.

Hydropower plants with a small reservoir are sometimes also called pondage plants. These are designed to modulate
generation on a daily or weekly basis. Pondage plants can provide flexibility services mainly through balancing power.
They abko provide frequency and voltage control as ancillary services.

Run-of-river hydro plants have little or no storage capacity. They therefore offertshoristorage possibilities (few

mi nutesd dynamic cycl e), t hus adpdciallyw fomagcilldryoservicespgueh asa d a p t
frequency and voltage control.

To sum up, flexibility solutions of hydropower include:

1 accommodating large variations in residual demand (to counter variability of RES, as sun does not always shine
and wind dos not blow constantly),

9 providing increasing ramp rates in real time, caused by sudden changes of generation

1 offsetting unexpected variations in production due to forecast errors in thel@ytraarkets or in the form of
balancing power or ancillarservices.

The hydro capacity of 44,479 MW (as or®*3arch,2017) consist 3611.67MW Run of River(RoR)15,139MW
RoR with pondage20,942MW storage type includes 4785.6 MW of pump storage type. The region wise types of hydro
are detailed imable 7.6
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Table 7.6
Region Wise Type Wise Hydro Installed Capacity (AS ON 31.03.2017)
(All Figures in MW)

Type of Hydro Projects TOta(Il\;:\leF))aCity
REGION
ROR ROR (P) STORAGE PSS
NORTHERN 3375.67 9641.00 5510.60 0.00 18527.27
WESTERN 30.00 1059.00 4463.00 1840.00 7392.00
SOUTHERN 60.00 1354.00 8353.85 2005.60 11773.45
EASTERN 146.00 2334.00 2123.70 940.00 5543.70
NORTH EASTERN 0.00 751.00 491.00 0.00 1242.00
3611.67 15139.00 20942.15 4785.60 44478.42

Considering 80% availability of storage type plant and 50% availability of RoR with pondage type plants, the ramp up
capacity provided by hydro plants would be more than 25000 MW.

7.3 PUMPED STORAGE PLANTS i BEST FRIEND OF ELECTRICITY GRID

While many foms of energy storage systems have been installed globally, Pumped Storage Plants (PSP) are playing an
increasingly important role in providing peaking power and maintaining system stability in the power system of many
countries. Pumped storage technologythe long term technically proven, cost effective, highly efficient and
operationally flexible way of energy storage on a large scale to store intermittent and variant energy generated by solar
and wind.

PSPs improve overall economy of power systenratfm, increase capacity utilization of thermal stations and reduce
operational problems of thermal stations during light load period. The other advantages of pumped storage development
are availability of spinning reserve at almost no cost to the systdmegulating frequency to meet sudden load changes

in the network. PSPs have the ability to provide ancillary benefits such as flexible capacity, voltage support and Black
start facility etc. Pumped storage technology has advanced significantly sindgiital introduction and now includes
adjustable speed pumped turbines which can quickly shift from motor, to generator, to synchronous condenser modes,
for easier and more flexible operation of the Grid.

Out of 96,524 MW of pumped storage potentitentified in India by CEA at 63 sitest present 9 pumped storage
schemes with aggregate installed capacity of 4,786 MW are in operation out of which only 5 Nos. plants with aggregate
installed capacity of 2,600 MW are being operated in pumping modetehening 4 Nos. plants with an installed
capacity of about 2,200 MW are not operating in pumping mode mainly becaus® tese?voir is either under
constructionor the same hasot been constructeéfforts should be made to complete and operationalize the pump
storage projects not running in PSP mode by resolving the issues. A PSP operation of a typical day isEstiokih in

7.5.
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Exhibit 7.5(a)
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Exhibit 7.5(b)
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Exhibit 7.5(c)
Typical Pumped Storage Operation over a month
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Since the energy gained from Pumped Storage Plants (PSP) is less than the energy input, it is necesspeakhat off
power to be used as input may be available at reasonable tariff for making the Pumped Storage Plants commercially
viable. An analysis offie Market Clearing Price (MCP) in the Peak and-BBd¥ak hours in the Power Exchange is
presented ifable 7.7.
Table 7.7
Mar ket Clearing Price (MCP) in / k Wh
Peak/Off peak prices

(18-23 hours) (23-06 hours) (12-17 hours)

A B C D=A/B
2008 8.27 6.10 8.20 1.36
2009 6.08 4.53 6.64 1.34
2010 4.28 2.99 3.99 1.43
2011 4.20 2.88 3.83 1.46
2012 3.93 3.17 3.75 1.24
2013 3.14 2.33 3.13 1.35
2014 4.02 2.92 3.96 1.38
2015 3.13 2.37 3.05 1.32
2016 2.68 2.24 2.68 1.20

Source: IEXWebsite

If a PSP pumps for 7 hours in a day, then, it can generate for 5.25 hours assuming 75% overall efficiency. It is seen,
from the above analysis, that as long as the price for 5.25 hours is more than (7/5.25 ~ 1.33) times the pumping price, it
implies payment for only fixed costs of pumped storage. If the overall efficiency improves to 80%, the need for price
differential in peak hours reduces to 25%.
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In view of infusion of high RES, Pump Storage Development has to be treated as a separate Safeyaitg. Policy
instrument is required to incentivize PSPs. The pumped storage capacity was assessed by CEA in 1987, since then there
have been many changes in environment laws & technology which callsdsseesment of the potential.

In India, withincreased penetration of RES in the grid, present practice of real time imbalance management may not be
sufficient for handling large scale uncertainty in RES and limit the integration of renewable energy generation. The
transmission corridors for evacuati of renewablgoweris being firmed up for the plan of having 175 GW of RE

power in next 5 yeardt is imperative to develop more PSPs and the benefits being given to RE projects may also be
extended to the PSPs. The development of pumped storage particularly in the areas with concentrated wind and solar
generation would significantly improve the dreeliability and it would act as the best partner for the Renewable Energy
integration.

While benefits of having pumped storage hydro power are known but current market structures and regulatory
frameworks do not present an effective means of achigkiingyoal. There is need for regulatory mechanism/ market
incentives for effective integration of new generation, energy storage and transmission or that makes the PSP a
commercially viable proposition. Regulatory Commissions may incentivize Tariff fBs R8d financial institutions

should consider providing attractive terms for financing of PSPs.

7.4 IMPORTANCE OF HY DRO IN PRESENT SCENARIO

The current development profile and trends in generation capacity addition in India have resulted in the following
aspects:

A Skewed devel opment pattern between different generat
3,26,832.5MW as on 31.03.2017 is dominated by thermal power with around 66.8% share. Hydro, with an installed
capacity of 44,478.5 MW has a share of around 13.6%. Adequate diversity in generation asset base has not been
maintained with growth in hydro assets notigetoncomitant with growth in the thermal asset base. This also impacts

the longterm least cost development pattern with over reliance eyedabthermal plants vis-vis more than 4¢gear

hydro assets.

A Inadequate peaki ng yaMit regianal grids have lsepnantegrated ara fregency redimes
have been streamlined, the country faces lack of assets capable of meeting peaking deficits and with quick response
characteristicsFor meeting peak requirement and to mitigate the vditiabiue to renewable energy sources of the

order of 175 GW by 2022 and in the shortage of gas, the peak and the balancing requirement is to be primarily met by
Hydro Electric Projects.

A Sustainable | ow carbon dev e lwacagboe strategy anh actively consiadkiing i s
focusing on Energy Efficient Renovation & Modernization to utilise existing assets, the low carbon strategy can be
fostered further with a higher thrust on green capacity additions via hydropower developmenfadtoes necessitate
renewed emphasis on O6responsible hydropower devel opme
sustainable development and energy security for the country is based on the elements of sustainability, availability and
affordability.

7.5 CURRENT ISSUES AND CHALLENGES

Developmentof hydro power projectsis fraughtwith a numberof uncertaintiesBroadly, the problems faced by
developerscan be groupedinto thoserelatedto the project location, to its geology, and to issuesof resettlement
andrehabilitation. Typically, hydro projectsarehigh cost, long gestationprojects and are highly vulnerableto any
uncertainties.

1) Land Acquisition Issues

Land availability and acquisition are among the core structural igkaesmpact almost all infrastructure
sectors. Problems arising in the acquisition of land for hydropower projects are causing suspension and delay
in construction activities.
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2) Environment and Forest issues

Hydropower projects often require forest aréastheir implementation and compensatory afforestation on
nonforest lands. Progress of many projects has been affected on account of delay -alghnaoce on
environment and forest aspects. Construction and operation of hydropower dams can sigriffeantiatural
river systems as well as fish and wildlife populations.

3) Rehabilitation & Resettlement Issues

Hydropower projects involve submergence causing the displacement of project area people. The rehabilitation
of project affected people is alsonaajor issue which is more pronounced in the case of stiraggd
hydropower projects.

4) Enabling infrastructure

A number of hydropower projects are located in remote sites in States which do not have adequate demand for
electricity. This creates the regeiment for developing enabling infrastructure for power evacuation. The
6chicken necké presents geographical constraints
hydropower evacuation from the north east. There are certain other challertescfwordinated development

of the transmission network, e.g. identifying beneficiaries well in advance, developing excess evacuation
capacity keeping in mind the future development of projects (especially where there are Right of Way (RoW)
issues). Fuhtermore, the Plant Load Factor (PLF) for hydropower projects is typically less than 50%, as a result
of which significant transmission capacity is undélised. All these result in higher transmission costs.

Hydropower projects also require the deveh@mt of associated infrastructure such as roads and bridges in the
area. Inclusion of the cost of development of such associated infrastructure increases the cost of power
generated affecting project viability and sustainability. Lack of infrastructute asischools, hospitals and
difficult access to sites often become blocks to moving skilled manpower to difficult project sites.

5) Law & Order / Local issues

Protests by the local people against the construction activities like blasting, muck dispcsad etemands
for employment, extra compensation etc. often create law and order problems which delays the commencement
and affects progress of the works.

6) Technical challenges

Techno economic viability of hydropower projects depends on the geology, apbggrhydrology and
accessibility of the project site. Even if extensive investigations using-&tdbe-art investigation and
construction techniques are adopted, an element of uncertainty remains insoeface geology. Geological
surprises duringctual construction cannot be ruled out. This unpredictable geology is more pronounced in the
young fold Himalayas where most of the Indian hydropower potential resides. Such technical challenges add
to construction risks.

7) Natural Calamities

Natural calarities like unprecedented rain / flash floods, cloud burst, earthquake etc delay the completion of
project.

8) Inter -State Issues

Planning for hydropower development in India has generally been oriented toward individual projects.
However, this approach hasveral limitations for sustainable development of an entire river basinStatey

disputes are another aspect which hinders integrated river basin development for hydropower projects. A large
number of hydropower projects with common river systems lestwaejoining States are held up due to a lack

of inter-State agreements and disputes on wsttaring.

9) Tariff Design for Hydro
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Tariffs remaining static for the entire |life time of t
is concerned. The tariff design therefore needs to reflect the current capital cost and value of the hydro energy with the
gains split between the power plant and its beneficiaries as decided by the Appropriate Commission.

There is need for all hydro powt have a twepart tariff comprising of a fixed cost and variable cost. Conventionally,

the variable cost of hydro power stations is considered as NIL; so a hybrid tariff model is required for all hydro power
stations similar to that prevailing for thewer stations whose tariff is decided by the Central Electricity Regulatory
Commission (CERC). Currently, the Annual Fixed Charges (AFC) of such power plants is divided equally into Fixed
Charge and Energy Charge with the latter apportioned amongstehélsaDesign Energy (DE) for the whole year.

The DE figures should be available both on ten daily basis as well as monthly basis for 50% and 90% dependable years
and these figures should be available on public domain. Policy needs to promote coorbdetatéam IMD and CWC
for creating infrastructure for inflow forecasting and precipitation forecasting in the catchment area of a river basin.

10) Non-availability of Grid power during initial stage

During construction stage the grid power supply is generally not available at construction site. Hence the construction
power is being fed through the DG sets the supply to diesel to such remote location takes huge time which delays the
commencement andfett progress of the work.

11) Safety and security problem

Most of the untapped hydro projects of the country are in remote and border areas like J&K, Arunachal Pradesh etc.
disturbance from locals and security threats in border area is being faced.

7.6 POLICY INITIATIVES TAKE N FOR INCREASING THE HYDRO CAPACITY

The Government has taken several policy initiatives/measures to tap the hydro potential and to boost hydro power
development in the country. The details are given below:

7.6.1 National Electricity Policy, 2005

National Electricity Policy, 2005 was notified by Govt. of India on 12.2.2005. The salient features of the policy are
given below:

1 The policy lays maximum emphasis on full development of the feasible hydro potential in iy @chich
will facilitate economic development of States, particularly North Eastern States, Uttarakhand, Himachal
Pradesh and Jammu & Kashmir.

1 Since the hydel projects call for comparatively larger capital investment, debt financing of longer tenure has
been recommended.

1 The State Governments have been advised to review procedure for land acquisition and other approvals
clearances for speedy implementation of hydro projects.

1 Full support of Central Government has been extended for hydel developméffieringahe services of
CPSUs like NHPC, NEEPCO, SJVNL, THDC etc.

7.6.2 Hydro Power Policy 2008: Salient Features

Hydro Power Policy, 2008 has been notified by Govt. of India 6rvirch,2008. The salient features of the policy are
given below:

I Transparent selection criteria for awarding sites to private developers.

1 Enables developer to recover his additional costs through merchant sale of upto a maximum of 40% of the saleabl
energy.

1 Developer to provide 100 units of electricity per montleaeh Project Affected Familyin cash or kind or a
combination of both for 10 years from the COD.
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1

Developer to assist in implementing rural electrification in the vicinity of the project area & contribute 10% share
of the State Govt. under the RGGVY scleem

Additional 1% free power from the project (over and above 12% free power earmarked for the host State) for
Local Area Development Fundegular revenue stream for welfare schemes, creation of additional infrastructure
and common facilities.

The StateGovernments to contribute a matching 1% from their share of 12% free power.

7.6.3 Tariff Policy, 2016 (Portions relevant to Hydropower)

1

Intent of Govt. for promotion of HEP emphasized in the objective of the Rdglicho pr omot e HEP ge
including PSP to provide adequate peaking reserves, reliable grid operation and integration of variable RE
sourceso.

Renewable Purchase Obligatibiydropower excluded from RPO (8% of the total consumption excluding

Hydro power).

As notified in Revised Tariff Policy, 2016, Cost plus Tariff regime (in which tariff is to be determined by the
regulator under section 62 of Electricity Act, 2003) hasnbextended for public & private sector hydro power
projects up to 15.08.2022.

Certainty of long term PPA for min. 60% of capacity, balance through merchanPsalgsion for extension

of PPA beyond 35 years for a further period of 15 years.

Enabling provision for suitable regulatory framework incentivizing HEPs for using long term financial
instruments in order to reduce tariff burden in the initial years.

Depreciationi Developer shall have the option of charging lower rate of depreciatieglawisthe ceiling
determined by CERC.

7.6.4 Right to Fair Compensation and Transparency in Land Acquisition, Rehabilitation and Resettlement
Act, 2013

Right to Fair Compensation and Transparency in Land Acquisition, Rehabilitation and Resettlement Awis2ikh
notified by the Govt. of India on 27.09.2013 which have more participation of local people in terms of Land acquisition
and Rehabilitation & Resettlement. The main objectives of the Act are given below:

f
f

f
f

7.6.5

To ensure a humane, participative, infodnend transparent process for land acquisitith the least
disturbance to the owners of the land and other affected families

Provide just and fair compensation to the affected families whose land has been acquired or proposed to be
acquired or are afféed by such acquisition

Make adequate provisions for such affected persons for their rehabilitation and resettlement

Ensure that affected persons become partners in development leading to an improvement in their post
acquisition social and economic status.

Other Measures Taken for Increasing the Hydro Capacity

A Consultation Process has been evolved for Fast Tracking of S&I activities and preparation of Quality DPRs
wherein appraising agencies advise Developer in carrying out various investigaiioiirsning up the project
layout etc.

Time bound appraisal norms have been evolved in CEA for examination of DPRs.

A number of projects have been prioritized which are being monitored regularly at highest levels by the Govt.
of India for their expeditius implementation.

Central Electricity Authority (CEA) is monitoring the progress of each project regularly through frequent site
visits, interaction with the developers and critical study of monthly progress reports.

A Power Project Monitoring Panel (PPYhas been set up by the Ministry of Power to independently follow
up and monitor the progress of the hydro projects.
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7.7.

Regular review meetings are taken by Ministry of Power/ CEA with equipment manufacturers, State Utilities/
CPSUs/ Project developers, e sort out the critical issues.

Review meetings are taken by MoP/ CEA with Border Road Organization, Ministry of Road Transport and
Highways etc. to sort out the infrastructure issues.

CONCLUSIONS

Most hydro facilities have the ability to managetload variability and uncertainty. Hydro plants would be
able to provide a more valued service to the grid than the manner in which they have historically been used , in
view of high penetration of solar and wind energy.

Hydro plants shall be considst for compensation for balancing the grid by implementing differential tariff
for peak and ofpeak power. Pumped storage plants should be encouraged to operate in pump mode by
providing incentive for its operation.

Infrastructure cost from the Hydro pect may be excluded for determining tariff. As the need for generation
resources that can provide system flexibility increases with an increased proportional penetration of variable
renewables, the value of hydropower and pumped storage will becomeigmifieast.

At Present, Central Financial Assistance/ Support in the form of grant/ assistance/ subsidy is being provided by
the Govt. to the renewable small Hydro Projects up to 25MW capacity. Extension of this Financial Assistance/
Support to all hydrrojects (irrespective of the size/ capacity) is likely to give a boost to the development of
hydro power in the country.

HYDRO POWER IN INDIA
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CHAPTER 8
GAS BASED POWER PLANTS
8.0 INTRODUCTION

Natural Gas is one of the cleanest fuels with less carbon dioxide per joule delivered than either by coal or oil and contains
far fewer pollutants than other hydrocarbon fuels and thereforfdaheal gas has emerged as the most preferred fuel

due to itsinherent environmentally benign nature, easy transportability, ease of use, greater efficiency and cost
effectivenessThe development of Natural Gas industry in the country started in 1960s with discovery of gas fields in
Assam and Gujarat. After discoyeof South Basin fields by ONGC in 1970s, Natural Gas assumed importance. The
Exploration activities in India were earlier carried out only by the National Oil Companies (ONGC & OIL) under
nomination regime. Later private companies were allowed to erttereiploration through JV with National Oil
Companies (NOCs) under PRELP (New Exploration Licensing Policy regime. Subsequently, 100% foreign
participation in exploration was allowed in the current NELP regime. Later discoveries were made in Kigdurzd,
Godavari (KG) basin, Cauvery basin, Tripura, Assam lgydrocarbon Exploration and Licensing Policy (HELP) is
introduced in March, 2016 for a uniform licensing system to cover all hydrocarbons such as oil, gas, coal bed methane
etc. under a singliéicensing framework coupled with open acreage policy.

The demand of natural gas has sharply increased in the last two decades at the global level. In India, the natural gas
sector has gained importance, particularly over the last decade. However, the supply is not keeping pace with the
demand. There is shoga of natural gas for the fertilizer plants, power plants and petrochemical complexes. The power
and fertilizer industries emerged as the key demand drivers for natural gas due to the scale of their operations, policy
intervention and social impact. In agrarian economy such as India, the priority has been the production of fertilizers.

8.1 BACKGROUND

In India, Natural gas produced from domestic sources is being allocated to different sectors by Central Government as
per policy guidelines issued from time to time. In case of imported gas, the marketers are free to irgpsifidie
Liquid Natural GasRLNG) and sell the RLNG to customers.

Gas based generation in India got the impetus when HVJ (Hejjegypur-Jagdishpur) gas pipeline was commissioned

by GAIL in the 80's after discovery of gas in the west coast of India. This led to commissioningrobar of Gas

based Combined Cycle Gas Turbines (CCGTSs) along the HVJ pipe line in the Western and Northern part of India. Prior
to that, very little gas based generation was present in the North East. Apart from the major HVJ trunk pipeline, certain
regonal gas grids like in KG basin and Kaveri basin also helped in development of some gas based power generation
capacities. Isolated fields are located mainly in parts of Rajasthan, Tamil Nadu andEakigim Region.

With the New Exploration Licensingolicy (NELP), gas exploration in India got an impetus and the discovery of gas
in Krishna Godavari Dhirubhai 6 (KGD6) field by Reliance Industries Limited in 2002, was expected to be a turning
point in gas production in the country. With the commissigrif East West pipeline by Reliance Gas Infrastructure
India Limited, KGD6 gas got infused into the system in early 2009.

With the commencement of production from KGD6 field and the expectation of considerable increase in the volume of
production from ths field, number of gas based plants were taken up for implementation in the country even without
firm allocation of gas. The peak flow of the gas in KGD6 fields expected to be about 80 MMSCMD, by the end of

the year 2009, and was to increase furthesuinsequent years. Before the commencement of production from KGD6
fields, gas based power plants were operating primarily with the allocated Administrative Price Mechanism(APM) /Non
APM/PannaMukta-Tapir Ravva basin gas from nominated fields, but thepplgs were short of their requirement.
When KGD6 gas production was about to start in 2009, Empowered Group of Ministers (EGoM) on pricing and
utilization for natural gas under New Exploration and Licensing Programme (NELP) made allocation of 63.17
MMSCMD of KGD6 gas to power sector in May 2008 and October 2009. The EGoM in its meeting held on 23
August,2013 decided that the entire additional NELP gas production, available during the ye&akd, 2415 &

201516 after meeting the supply level of. BIMMSCMD to fertilizer sector, be supplied to the power sector.

Supply of KGD6 gas was started in 2609 with 39.67 MMSCMD and reached a peak of 55.35 MMSCMD in 2010
11. The gas from KGD6 started gradually declining to 42.33 MMSCMD in2@1,25.74 MME£MD in 201213 and
only 14 MMSCMD in June, 2013. Contrary to the projections, the gradual reduction in production from KGD6 upset

GAS BASED POWER PLANTS
8.1



SR
Central Electricity Authority National Electricity Plan

the gas based capacity addition programme in the country. When the production from KGD6 field fell to 16 MMSCMD
in March, 2013the supplies to power sector got reduced to zero.

Table 8.1below shows the availability of KGD6 Gas to all sectors in various years starting fror1@009

Table 8.1
Availability of KG -D6 gas to all Sectors
Year 200910 201011 201%12 201213
Supply in MMSCMD 39.67 55.35 42.33 25.74

8.2 PRESENT STATUS

Out of total installed capacity of 3,26,833 MW as on 31st March,2017, a capacity of 25,330 MW (about 7.75%) is from
gas based power plants. However, capacity of 24,037MW is being monitored by CEA. Out of the total monitored
capacity, a capacity of 21,048Wilis connected with Main Pipeline/Gas grid and 2989 MW is connected with isolated
gas fields. Of the grid connected gas based capacity of 21,048 MW, 8,042 MW is predominantly APM gas based and
6,897 MW is predominantly on KG D6 gas. Besides this a capafc@yl10 MW has been commissioned without any

gas allocation. In addition, a capacity of 406 MW is under construction and is likely to be commissioned-82.2021

Normative Gas requirement to operate the existing Power plants of capacity of 24,0379a% Rlant Load Factor

(PLF) is about 117 MMSCMD. However, the total domestic gas allocated to power projects is 87.05 MMSCMD and
average gas supplied to these gas based power plants during the yehr 2@kconly 29.59 MMSCMD. The gas grid
connected gaacity had received 20.22 MMSCMD gas during the year 271énd achieved average PLF of around

19% only and gas based capacity connected with isolated gas field had received 9.37 MMSCMD gas and achieved a
PLF of 50.43 %. Therefore, the average Plant Lleaator of gas based generation capacity in the country during 2016

17 is about 22.86%.

Details of gas based capacity with gas supply position for the yearlZ0isayiven in Annexur8.1 Supply of Natural
gas to gas based power plants during last few years is shavabli; 8.2

Table 8.2
Average Gas Supply and Shortfall
Gas Based Average Gas

S| Years Capacity atthe | Gas Required* Su glied Shortfall

' end of year (MMSCMD) bp (MMSCMD)

(MMSCMD)
(MW)

1 2 3 4 5 (6)=(4)(5)
1 200708 13408.92 65.67 38.14 27.53
2 200809 13599.62 66.61 37.45 29.16
3 200910 15769.27 78.09 55.45 22.64
4 201011 16639.77 81.42 59.31 22.11
5 201112 16926.27 81.78 55.98 25.80
6 201213 18362.27 90.70 39.95 50.75
7 201314 20385.27 97.90 27.13 70.77
8 201415 21665.57 104.00 25.20 78.80
9 201516 23075.57 113.63 28.26 85.37
10 201617 24037.57 117.45 29.59 87.86

*normative gas requirement at 90% PLF.
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Supply of gago-gas based power plants during last few years has been sh&whilait 8.1.

Exhibit 8.1
Gas Based Capacity Visa-Vis Gas supplied
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As can be seen from thHexhibit 8.1, domestic gas supply to gas based power plants had reached a peak of 59.31
MMSCMD during 201011, thereafterdue to unprecedented reduction in gas supply, the gas supply to gas based power
plants had reduced sharply. During the year 2046total gas supplied to gas based power plants was only 29.59

MMSCMD, which is even less than gas supply during 2087

Average PLF of gas based capacity for the last few years is shdmhilsit 8.2. It can be seen frofaxhibit 8.2 that
average PLF of gas based capacity during Z®Was around 55% and had increased to 67% in the year12009
thereafter average PLF stattdeclining and for the year 2016 (Apr-Dec,2016) average PLF came down to around

22% only.
Exhibit 8.2

AVERAGE PLF (%) OF GAS BASES PLANTSs

Share of gas based power generation in total generation frord080@7201617 is shown irExhibit 8.3.
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Exhibit 8.3
(All figures in BU)

Total Generation Vis-a-Vis Gas Based Generation
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8.3 ADVANTAGES OF GAS BASED POWER PLANTS

Natural gas based power generation has many advantages oveootientional energy sources mainly on account of

its lesser impact on the environment and better economics. However, despite these advantages, due to shortage of
domestic gas, I ndi ads energy mix i s sk ehesall powerehareiths ¢ 0 ¢
India only 8% against the world average of around 22%

Gas based power plants require significantly less land and water in comparison to coal based power plant of the same
capacity. In addition, gas based plants with quick ragpsn support the renewable balancing power requirements.
This gains importance especially in the context of 1Ind
gas based capacity will minimize the need for other alternative modes of gemeration during peak hours of power
shortage such as using diesel generators etc., which are not only costlier but also result in more environmental pollution.

It may also be noted that gas based power generation would reduce carbon emissionsjons émiasgas based

power generation is less as compared to Diesel or coal based generation. Details are shovablie 8@

Table 8.3
CO:2 emission from various fuels

Particulars of the Plant Gas based Coal based Diesel based
Capacity (MW) 1000 1000 1000
Gross Station Heat Rate Kcal/kWh 1850 2350 1975
Auxiliary Power Consumption (%) 3% 8.5% 3.5%
Net Station Heat Rate (Kcal/kWh) 1900 2568 2047
Fuel emission factor (g CO2/KJ) 49.4 99.6 69
Specific CO2 emission (tCO2/MWH) 0.30 0.98 0.59

However, due to acute shortage of domestic gas and higher price of imported natural gas, gas based power plants are
not in a position to run their plants efficiently.

8.4 CAPACITY ADDITIO N DURING 2017-22 AND GAS REQUIREMENT

In view of the shortage of gdsglinistry of Power had issued an advisory in March, 2012 for the developers not to plan
power projects based on domestic gas till 2Q65as projections for 20145 and 20186 given by MoP & NG could

not support any new capacity.

1 World Banki World Development Indicators data
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Due to uncertainty in availability of domestic gas, though there was a capacity of about 3,500 MW are at advanced stage
of construction, only a capacity of 406 MW is likely to be commissioned during the perioe22017

8.5 GAS BASED POWERPLANTS AS PEAKING PLANTS

Government of India has chalked out a program of massive capacity addition from RES by 2022. The total RES capacity
by March, 2022 is planned to be 175 GW. The generation from RES shall be treated-asniliserefore, at any

instant, the net system denshafter absorbing the generation from RES (i.e. Net Demand = Total Degeetation

from RES) needs to be met through conventional generation sources. The solar generation would be maximum during
the day time when the system demand is quite low anddvoub e A NI L0 during evening pea
the Net Demand Curve very steep and would require generation from conventional sources which can ramp up very
fast. This necessitates dedicated peaking plants.

Further, infusion of significant quaum of RES into the grid will also need availability of adequate balancing power to

take care of the variability and uncertainty associated with RES generation. Balancing requirement as well as ramping
requirement of the grid can be sourced in order afripyi from Hydro plants, Pumped Storage Plants and Open Cycle

Gas Turbine Plants followed by Closed Cycle Gas Turbine Plants. Now, out of the total hydro cap&tidy 842

MW as on 31 March,201725,727.75MW are storage typ&611.67MW are rurof the river type and 5,139 MW

are runof the river with pondage type. Irrigational requirement, failure of monsoon etc. limit the availability of hydro
power. Again, capacity addition from hydro plants are taking place at a very limited pace due to adassirg like

delay in environmental and forest clearance, R&R problems etc. Adequate Pumped Storage Plants are also not available.
Therefore, for balancing, gas based plants has to be utilised. Gas based plants are of two types namely open cycle gas
plarts and combined cycle gas plants. Open cycle gas plants are very suitable for balancing and ramping requirement of
the grid because of its quick start and stop time. But open cycle gas based plants are less efficient than the closed cycle
ones. Now, of théotal monitored gas based capacity of 24,037 MW, 350 MW is only open cycle and the balance are
closed cycle plants. However, the new-gased combined cycle power plants offer higher efficiency and can go from

start to full load quicker. The total stanp time is just 30 minutes (from warm start) and shutdown time is 30 minutes.
These are single shaft machines, can operate at a minimum load of 20%, and therefore are best suited to cater the
variability of RES.

Presently, there is acute shortage of detingyas for the Gas Based Power Plants. During the year1Z0Q18as Based

Plants were running at a PLF of around 22.86%. To run gas plant at a PLF of 85%, normative gas requirement would
be about 110 MMSCMD. This is significantly more than the preseaitadility of 29.88 MMSCMD. The role of gas

based plants during evening to meet the balancing power and ramping requirement is vital for the Indian grid.

Optimisation studies showed that for integrating renewables of 175 GW by22021d to meet the pking and ramping
requirement of the system, PLF of gas based capacity duringZ0&llikely to be around 37% compared to around
22% at present. The gas requirement is of the order of about 45.27 MMSCMD. It has been observed from the studies
that the ga based capacities are utilised maximum during the peak hours to meet the peak and the ramping requirement.
The actual gas requirement may substantially get reduced in the event of any or all of the followings:

1 Maximisation of utilisation of domestic gasirthg peak hours to meet the peaking and the ramping

requirement.
9 Utilisation of full peaking potential of the hydro plants.
1 Operation of some of the coal based thermal power plants in two shift.

Efforts should be made for exploring the modalities oflenmentation of the above keeping in view the grid stability,
and commercial issues involved threin.
8.6 STEPS TAKEN BY GOVERNMENT TO OVERCOM E SHORTAGE OF GAS

Government of India has adopted a mplibnged strategy to augment gas supplies and biidggap between supply
and demand for the domestic market. These include:
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1 Policy to grant relaxation, extension & classifications at development & production stage for early
monetization of hydrocarbon discoveries.

9 Discovered Small Field Policy.

1 Formulation of Hydrocarbon Exploration and Licensing Policy (HELP) in March, 2016.

Four main facets of this policy are:

a) Uniform license for exploration and production of all forms of hydrocarbbauniform licencewill
enable the contractor to explaenventional as well as unconventional oil and gas resources including
CBM, shale gas/olil, tight gas and gas hydrates under a single licEnseoncept o®Open Acreage
Policy will enableE&P companies choose the blocks from the designated area.

b) an operacreage policy,

c) easy to administer revenue sharing model and

d) marketing and pricing freedom for the crude oil and natural gas produced.

The decision willenhance domestic oil & gas production, braufpstantial investmeint the sector andenerate sizabl
employment. The policy is also aimedeathancing transparenaydreducing administrative discretion.

Policy for marketing freedom for gas produced from Deepwater & Ultra Deepwater areas.

MOP&NG is taking necessary steps to augment production of hgag&om the gas fields/wells by awarding

gas blocks for Exploration & Production activities in various sedimentary basins of the country under the New

Exploration Licensing Policy (NELP).

1 Encouraging import of gas in the form of Liquefied Natural Ga$G). and also making efforts for import of
gas through international pipelines projects.

1 Implementation of Natural Gas Hydrate Programme (NGHP) for evaluation of hydrate resources and their
possible commercial exploitation.

9 Introduction of scheme for utilidion of gas based generation capacity.

f
f

8.7 SCHEME FOR UTILI ZATION OF GAS BASED GENERATION CAPACITY

In order to optimally utilize gas based generation capacity and to meet the gas requirement of grid connected gas based
capacity, Government of India hsanctioned a scheme which envisages supply of imported spot Liquefied Natural Gas
(LNG) to the stranded gas based power plants as well as plants receiving domestic gas to revive and improve utilization
of the stranded gas based power generation capadtiity gountry. The mechanism also envisages sacrifices to be made
collectively by all stakeholders, including the Central and State Governments by way of exemptions from certain
applicable taxes and levies on the incremental LNG being imported for thespufifte scheme envisages supply of
imported spot Liquefied Natural Gas to the stranded gas based power plants through a-tdddisg process. The

scheme is to be implemented for the years 2Z0A.and 2016L7. The scheme envisages financial supporhfRSDF
(Power System Devel opment Fund) . The outlay for the s
crores and 4 , 0 0 016 and 2Od€7gesfedively)t he year 2015

A gas based capacity of 14,305 MW, comprising 5,194 MW of gas based plants having predominantly allocation from
KGD6 fields, 3,762 MW of gas based capacity commissioned without any gas allocation and 5,349 MW of new gas
based capacity which are ready formmissioning (if gas is made available) were considered as stranded.

The following interventions/ sacrifices are envisaged in the scheme, to be made by the Central Government, State
Governments, power developers and gas transporters collectively.

a) Streanlining the procedure for availing Customs duty waiver on imported LNG for the gas based power plants

b) Waiver of Value Added Tax (VAT) on theled RLNG

c) Waiver of Central Sales Tax (CST), Octroi and Entry Tax on tbiel RLNG

d) Waiver of Service Tax on regéisation and transportation of theted RLNG

e) Reduction in pipeline tariff charges by 50%, reduction in marketing margin by 75% on incremental volumes
by GAIL / other transporters on thebéd RLNG

f) Capping of fixed cost to be recovered by the promoteraielP developers to forgo return on their equity.

g) Provision for cemingling and swapping of gas
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h) Exemption from transmission charges and losses for such stranded gas based power projects on lines of solar
power on generation from thebéd RLNG
i) Support fran Power System Development Fund (PSDF)

8.8 RECOMMENDATIONS

1. The scheme for utilisationf gas based generation capacity introduced by Government ofgridiawo years
only. But it is felt that a long term policy intervention is required for optimiéikation of gas based capacity
in the country.

2. Inview of massive capacity addition target of 175 GW from RES, Gas Based Power plants in the country need
to play a vital role in balancing and ramping requirements of the grid. Availability of at leagtMMSCMD
of gas to Gas Based Plants in the country needs to be ensured for this purpose. The actual gas requirement may
reduce if full peaking potential of the hydro plants can be utilised and if the coal based thermal power plants
can operated in a tw&hift.

3. The regasification capacity in the country is also a matter of concern for gas based power plants, particularly
those who are connected with RGTIL E¥gest pipeline. Due to technical constraints like directional flows
etc., imported RLNG from wéscoast cannot be transported to power plants located in the East Coast.
Therefore, facility of regasification capacity may be suitably created at East coast also.
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Annexure-8.1

CUMULATIVE REPORT ON FUEL SUPPLY/CONSUMPTION FOR GAS BASED POWER STATIONS IN
THE COUNTRY FOR THE PERIOD APRIL'16 -MARCH'17

S. Name of IgaStaaIL?td State Gas Allotted |Gas Consumed
No|  Power Station (I\;’W) y (MMSCMD) | (MMSCMD)
(A) CENTRAL SECTOR

1 INTPC, FARIDABAD 431.59 | HARYANA 2.32 0.63

CCPP
2 INTPC, ANTA CCPP 419.33 | RAJASTHAN 2.32 0.43
3 INTPC, AURAIYA 663.36 | UTTAR 3.85 0.34
CCPP PRADESH
4 INTPC, DADRICCPP 829.78 | UTTAR 4.01 1.32
PRADESH
Sub Total (NR) | 2344.06 12.50 2.72
5 INTPC, 657.39 | GUJARAT 3.19 1.44
GANDHAR(JHANORE)
CCPP
6 INTPC, KAWAS CCPP 656.2 GUJARAT 6.07 1.00
7 |RATNAGIRI (RGPPL- 1967 MAHARASHTRA 10.63 2.37
DHABHOL)
Sub Total (WR) 3280.59 19.89 4.81
8 [KATHALGURI 291 ASSAM 1.4 1.17
(NEEPCOQ)
9 MONARCHAK 101 TRIPURA 0.5 0.15
(NEEPCO)
10 |AGARTALA GT+ST 135 TRIPURA 0.75 0.67
(NEEPCO)
11|TRIPURA CCPP 726.6 TRIPURA 2.65 2.24
(ONGC)
Sub Total (NER) | 1253.6 5.3 4.23
Total (CS)=A | 6878.25 37.69 11.76
(B) STATE SECTOR

12|I.P.CCPP 270 DELHI 1.55 0.50
13 |PRAGATI CCGT-lII 1500 DELHI 2.49 1.13
14 |PRAGATI CCPP 330.4 DELHI 2.25 1.00
15|DHOLPUR CCPP 330 RAJASTHAN 1.60 0.09
16 |RAMGARH 273.8 RAJASTHAN 1.45 1.40

(RRVUNL,Jaisalmer)
Sub Total (NR) 2704.2 9.34 412

17 |PIPAVAV CCPP 702 GUJARAT 0.00 0.02

18 DHUVARAN 594,72 | GUJARAT 0.94 0.18

CCPP(GSECL)

19 HAZIRA CCPP(GSEG) 156.1 GUJARAT 0.81 0.01
20 |HAZIRA CCPP EXT 351 GUJARAT 0.00 0.09
21 [UTRAN CCPP(GSECL) 518 GUJARAT 1.69 0.08
22 |URAN CCPP 672 MAHARASHTRA 4.90 2.19

(MAHAGENCO)

GAS BASED POWER PLANTS

8.8



SR

Central Electricity Authority

National Electricity Plan

Sub Total (WR) | 2993.82 8.34 2.57
23 |KARAIKAL CCPP 325 PUDUCHERRY 0.20 0.18
(PPCL)
24 |KOVIKALPAL 107 TAMIL NADU 0.45 0.24
(THIRUMAKOTTAI)
25 |KUTTALAM 100 TAMIL NADU 0.45 0.24
(TANGEDCO)
26 VALUTHUR 186.2 | TAMIL NADU 0.89 0.55
CCPP(Ramanand)
27 |GODAVARI 216 ANDHRA 1.31 0.54
(JEGURUPADU)*** PRADESH
Sub Total (SR) 641.7 3.30 1.75
28 |LAKWA GT 157.2 | ASSAM 0.90 0.73
(ASEB,Maibella)
29 INAMRUP CCPP + ST 181.5 | ASSAM 0.66 0.48
(APGCL)
30|BARAMURA GT 58.5 TRIPURA 0.60 0.23
(TSECL)
31 |[ROKHIA GT (TSECL) 111 TRIPURA 0.30 0.52
Sub Total (NER) 508.2 2.46 1.96
Total (SS)=B | 6847.92 23.44 104
(D) PVT/IPP SECTOR
32 |RITHALA CCPP 108 DELHI 0.40 0.00
(NDPL)
33|GAMA CCPP 225 UTTARAKHAND 0.48 0.23
34 |KASHIPUR 225 UTTARAKHAND 0.80 0.36
CCPP(SRAVANTHI)
Sub Total (NR) 558 1.68 0.59
35|TROMBAY CCPP 180 MAHARASHTRA 2.50 0.84
(TPC)
36 IMANGAON CCPP 388 MAHARASHTRA 1.09 0.09
37 |BARODA CCPP 160 GUJARAT 0.75 0.03
(GIPCL)
38 [ESSAR CCPP ** 300 GUJARAT 1.17 0.00
39 [PAGUTHAN CCPP 655 GUJARAT 1.43 0.19
(GPEC)
40 |SUGEN CCPP 11475 | GUJARAT 5.35 2.32
(TORRENT)
41 [UNOSUGEN CCPP 382.5 | GUJARAT 0.00 0.00
42 DGEN Mega CCPP 1200 GUJARAT 0.00 0.00
Sub Total (WR) 4413 12.29 3.47
43 |GAUTAMI CCPP 464 ANDHRA 3.82 0.00
PRADESH
44 |GMR - KAKINADA 220 ANDHRA 0.88 0.00
(Tanirvavi) PRADESH
45 |GMR- Rajamundry 768 ANDHRA 0.00 0.39
Energy Ltd. PRADESH
46 |GODAVARI 208 ANDHRA 1.43 0.57
(SPECTRUM) PRADESH
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47 [JEGURUPADU CCPP 239.4 | ANDHRA 2.85 0.06
(GVK) PHASE II* PRADESH
48 |[KONASEEMA CCPP 445 | ANDHRA 1.78 0.00
PRADESH
49|KONDAPALLI EXTN 366 | ANDHRA 0.09
CCPP.. PRADESH
50 [KONDAPALLI ST-3 742 | ANDHRA 4.57 0.66
CCPP (LANCO) PRADESH
51 |KONDAPALLI CCPP 350 | ANDHRA 2.32 0.51
(LANCO) PRADESH
52 |[PEDDAPURAM 220 | ANDHRA 1.09 0.00
(BSES) PRADESH
53|VEMAGIRI CCPP 370 | ANDHRA 4.16 0.11
PRADESH
54 VIJESWARAN CCPP 272 | ANDHRA 1.32 0.41
PRADESH
55|[PENNA CEMENT 30 ANDHRA 0.12 DNR
INDUSTRIES* PRADESH
56 |RVK ENERGY* 28 ANDHRA 0.11 DNR
PRADESH
57 [SILK ROAD SUGAR* 35 ANDHRA 0.10 DNR
PRADESH
58|LVS POWER* 55 ANDHRA 0.22 DNR
PRADESH
59 [KARUPPUR CCPP 119.8 | TAMIL NADU 0.50 0.30
(ABAN)
60 |P.NALLUR CCPP 330.5 | TAMIL NADU 1.50 0.00
(PPN)
61|[VALANTARVY CCPP 52.8 | TAMIL NADU 0.38 0.26
Sub Total (SR) | 53155 27.15 3.36
62 |DLF ASSAM GT 245 | ASSAM 0.10 DNR
Sub Total (NER) | 245 0.10 0.00
Total(PVT/IPP)=C | 10311 41.22 7.42
GRAND | 24037.17 102.35 29.58
TOTAL=A+B+C

* Gas Allocation includes Longterm RLNG contracts and allocation of ebid RLNG
MMSCMD 1 Million Metric Standard cubic meter per day
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LIST OF UNDER CONSTRUCTION GAS BASED POWER PLANTS
(All figures in MW)

Annexure-8.2

State Project Name Implementing Agency Unit No C(a,\ﬁs\?)lty
AP Panduranga CCPP Panduranga Power Ltd Module-1 116
AP RVK Gas Engine RVK ( Rajahmundry) Pvt.Ltd GE: 58 38
GE:1-4 38
Module-1 120
AP RVKCCPP RVK ( Rajahmundry) PVT.Ltd
Module-2 120
Module-3 120
Module-1 400
Module-2 400
AP Samalkot CCPHRI Reliance Power Module 3 400
Module-4 400
Module-5 400
Module-6 400
Telangana Astha Gas Engines Astha 4 Engines 34.88
TN Ind Barath Gas Projec] Ind Barath Block-I 65
Uttarakhand Beta CCPP BIPL GT+ST 225
Uttarakhand Kashipur CCPRI Sravanthi Energy Pvt. Ltd GT+ST 225
Total (Private Sector) 3,501.88
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CHAPTER 9
COAL REQUIREMENT
9.0 INTRODUCTION

Fuel is the key input required to be tied up before implementation and proper operation of the thermal power plants. In
the changed scenario with growingncern on environment, Government has given emphasis on Renewable Energy
projects. However, Countrybés reliance on coal based g
therefore, needs to be addressed is the availability of adequate figedlthe generation of power. In order to optimize

coal usage, Government is committed for super critical/-sligger critical technology which are much more efficient

and results into reduction in usage of coal. The timely availability of all thenkeys including fuel would ensure

timely completion of the project and therefore avert detrimental implications of cost and time overruns in case the power
project is delayed.

This Chapter broadly deals with a review of coal availability during tHeP12n, an assessment of requirement of fuel
for the period 20122 & indicative requirement of the coal for the period 2@Z2as well as critical issues which need
to be addressed and constraints being experienced in the coal sector. This would g&e scénario to all the
associated stakeholders to enable them to take advance action and plan their production targets etc.

9.1 COAL SUPPLY SCENARIO
9.1.1Background

Coal is the mainstay of Indiabés energy sector. The Al
on 31.03.2017, out of which about 192,163 MW (58.8%) is coal based. Once the power station is commissioned, the
biggest challenge is to emte the station at a high plant load factor (PLF), which is a measure of the output of a power
plant compared to the maximum output it could produce. Higher load factor usually means more output and a lower cost
per unit of electricity generation. Penfoance of the power plant is measured on the basis of PLF and Station Heat Rate.
However, the Plant Load Factor (PLF) of the coal based power stations in the country has been decreasing steadily over
the years. The PLF has decreased from 78.9 % in-28Q7 59.64 % in 2014.7.

9.1.2 New Coal Distribution Policy

The Government has introduced the New Coal Distribution Policy (NCDP), effective from 1st April 2009, which assures
supplies at preletermined prices to some categories of consumers and reirgsoeaigctions to encourage a vibrant
market for the commodity. The Main Features of the Policy are as follows:

1 100% Normative Requirement of coal would be considered for supply to Power Utilities.

91 Supply of coal through commercially enforceable Fuel Supgireements (FSAs) at notified prices by CIL.

1 10% of annual production of CIL to be offered througguetion for consumers who are not able to source coal
through available institutional mechanism.

1 FSAs to indicate Annual Contracted Quantities (ACQtradl to Power Utilities by coal companies during
entire year. Incentive and penalty clauses incorporated in FSAs.

Signing of Fuel Supply Agreement (FSA)

Thermal power plants commissioned before 31st March 2009, FSAs were signed with a trigger value of 90% of the
Annual Contracted Quantity (ACQ). Subsequently, CCEA in 2013 directed CIL to sign FSAs for a total capacity of
about 78,000 MW, which were liketp be commissioned by 31.03.2015. Out of 78000 MW, around 9,840 MW were
having tapering linkages. Taking into account the overall domestic availability and the likely actual requirements of
these power plants, FSAG6s wd 6580,6%4,69%, % of AGQ for the yrars20i3c C 0 3
14,201415,201516 & 201617 respectively for power plants having normal coal linkages. However, actual coal
supplies would be commensurate to |l ong term PPAG6s.
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9.1.3 Coal stocking norms

The norms for numberfalays of coal stock for power stations is fixed depending on the distance of the power plant
from the minehead as given ifiable 9.1

Table 9.1
Coal stocking norms for power stations
Distance of Power Plant Number of Days of Stock
Pit-head Station 15
Upto 500 kms away from Coal Mine 20
Upto 1,000 kms away from Coal Mine 25
Beyond 1,000 kms away from Coal Mine 30

9.1.4 Import of coal

In the past, Power Utilities were advised to import coal to maintain the stipulations of Ministry of Enviramdent

Forest regarding use of coal of less than 34% ash content and to occasionally supplement the coal from indigenous
sources. However, due to inadequate availability of domestic coal, power utilities were advised to import coal for
blending. Further, wit the commissioning of power plants designed for use of imported coal as fuel, power utilities
imported coal to meet the requirement of fuel for these power plants. The details of coal imported by power utilities to
meet the shortfall in the availabiligf domestic coal and to meet the requirement of power plants on imported coal
during 11" Plan & 12" Plan are furnished ifiable 9.2 and Exhibit 9.1

Table 9.2
Details of coal imported by power utilities
Coal Import for
Year Target Blending to meet Meeting requirement of
(MT) shortfall in domestic | imported based power plants| Total(MT)

coal (MT) (MT)
200708 10.2 8.4 2.1 10.5
200809 21.3 13.9 2.2 16.1
200910 28.7 18.8 4.4 23.2
201011 47.0 21.1 9.4 30.5
201112 55.0 27.5 17.7 45.2
201213 70.0 31.6 31.7 63.3
201314 82.0 37.8 42.2 80.0
201415 94.0 48.5 42.7 91.2
201516 84.0 37.1 435 80.6
201617 48.0 19.8 46.3 66.1
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Exhibit 9.1
(All figures in MT)

Coal Import target Vs Receipt
100 94912
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Z§ - 703.3 66
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38 10.5 243 1 752 IOIS I | I|
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10 o gy Al

2007- 2008- 2009- 2010- 2011- 2012- 2013- 2014- 2015- 2016-
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Million Tonnes(MT)

EmTarget mTotal(MT)

9.1.5 Critical /super critical stock at power plants

Coal stock position at the power plants is bemgnitored on daily basis. The low coal stock at power plants is
categorised as critical and super critical so that coal supply to such powercplaldtbe augmented on priority. The
criteria, given inTable 9.3below, is being adopted for classifying tical / super critical coal stock at the power plants.
Table 9.3
Criteria for classifying critical / super critical coal stock

Criticality Plants Criteria

Pit-head Plants coal stock less than 5 days

Critical stock at Power plant
Non Pit-head Plants |coal stock less than 7 days

Pit-head Plants coal stock less than 3 days

Super critical stock at Power pla

Non Pit-head Plants |coal stock less than 4 days

The details of critical/ super critical coal stock at the power plants durih@!a® period (upto 20167) are given in
Table 9.4, Exhibit 9.2 and Exhibit 9.3.
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Table 9.4
Details of critical/ super critical coal stock at the power plants during 12th Plan period
Year No. of plants No. of Power No. of Power Stock in Million
monitored by plants with plants with Super Tonnes
CEA Critical Coal stock Critical Coal
stock
201213
(As on 31.03.2013) 93 21 14 19.6
201314
(As on 31.03.2014) 100 20 9 20.3
201415
(As 0n31.03.2015) 100 12 6 26.1
201516
(As on 31.03.2016) 101 0 0 38.9
201617
(As on 31.03.2017) 112 1 0 21.73
Exhibit 9.2
Stock in Million Tonnes
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Exhibit 9.3

Monitored Coal Plants (Nos.)
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m No. of plants monitored by CEA
m No. of Power plants with Critical Coal stock

No. of Power plants with Super Critical Coal stock

Note: CEA is monitoring the coal basptants above 100 MW where coal is being supplied by CIL/SCCL and
involves Rail transportation.

During the year 20136, the coal stock at the power plants has reached-imalhigh of about 39 MT.
9.1.6 Generation loss due to coal shortage

With the enhanced availability of domestic coal and comfortable coal stock duringl@phbne of the power plants
have reported generation loss due to coal shortage and negligible durirj2d1& details of generation loss reported
by power utilitiesduring 12th Plan (up to 20157) are given imable 9.5 and Exhibit 9.4
Table 9.5
Generation loss due to coal shortage
(All figures in BU)

Year Generation loss due to coal shortage
201213 15.8
201314 8.1
201415 2.7
201516 0
201617 0.48
Exhibit 9.4
Generation loss (BU) due to coal shortage
18
16 15.8
14
8 12
<10
a8 8.1
26
4
2 7
0 0.48
2012-13 2013-14 2014-15 2015-16 2016-17
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9.2 COAL DEMAND AND SUPPLY

9.2.1 Coal Supply Position during 20186 and 201617

The coal stock at the power plants in the beginning of 201@s on 1st April, 2016) was more than 38 MT which was
sufficient for operation of power plants for 27 days. The details of savisEprogram and despatch/receipt of coal by
power plants durig 201516 and 2016L7 are given imable 9.6 and Exhibit 9.5

Table 9.6
Sourcewise program and receipt of coal by power plants

(In Million Tonnes)

April, 2015- March 2016 April 2016- March,2017 Growth
in
Source Program Receipt % Program | Receipt % R((eoc/o?pt
CIL 435.0 409.1 94.0 487.5 420.1 86.2 2.7
SCCL 38.0 47.3 124.5 64.25 51.5 80.1 8.9
CAPTIVE 32.0 23.9 74.7 40.00 27.5| 68.9 15.2
e-Auction 10.0 135 135.0 12.00 29.1| 2425 115.6
IMPORT 84.0 80.6 95.9 48.00 66.1| 137.6 -18.0
TOTAL 599.0 574.4 95.9 651.75 594.3 91.2 3.5
Exhibit 9.5
Receipt of Coal (in MT)
700
94.3
600 5742
420.11
500 409.1
400
300
200
80.
100 47.51.49 2397 54 135291 6.06
0 [ 0| — — . [ |
CIL SCCL Captive e-Auction Import Total
m2015-16 m2016-17

9.2.2 Coal Demand and Availability Position during the Year 201718

For the year 20118, coal based generation programme of 958 BU has been estimated in consultation of the power
utilities. The total coal requirement of 630 MT for the power plants has been estimated considering normal monsoon
year. The details of coalgairement visa-vis coal availability during the year 201B are given iTable 9.7
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Table 9.7
Assessment of Coal Requirement for the Year 201173

S.No. Description Units
1 Coal based generation
1.1 Coal based generation programme during 2087 BU 958
2 Coal Requirement
2.1 For plants designed on domestic Coal MT 584
2.2 For plants designed on imported coal MT 46
2.3 Total Coal Requirement MT 630
3 Coal Availability from Indigenous Sources
3.1 From CIL MT 450
3.2 From SCCL MT 60
3.3 From Captive Mines MT 35
3.4 From eauction/Stock MT 39
3.5 Total domestic coal availability MT 584
3.6 Shortfall in domestic coal availability MT 0
3.7 Requirement of imported coal for blending MT 0

It is seen from the above that power plants on domestic coal would meet their requirement of coal from indigenous
sources and may not require import of coal for blending. However, some power utpitieer plants may plan for

import of coal for blending for their coastal power plants considering economics in import of eaalizidomestic

coal and Railway logistic constraints etc. Power plants designed on imported coal would continue to imjpomeetal

their coal requirement.

9.3 COAL DEMAND AND AVAILABILITY DURING THE YEARS 2021 -22 & 202627

With the 19" EPS demand projections and likely Renewable Energy Sources (RES) capacity addition, the coal based
generation has been estimated and accordingly provisional coal requirement has been worked out. The likely capacity
of RES has been as 175GW by the termiedr 202122. Accordingly, in the year 20222, the estimated gross
generation from coal based power plants would be around 1072 BU. The details of coal requirement for the-year 2021
22 have been worked out considering 30% reduction in Hydro generat®nodfailure of monsoon and being
supplemented by coal based generation.

During 202627, the total capacity of RES has been estimated to be 275 GW capacity, considering 175 GW of total
capacity at the end of the year 2624 and 100 GW capacity additiafi RES during 202:27. The generation from
coalbased power plants is estimated as 1259 BU for the yearZ0J®e coal requirement for the year 2626 has

COAIREQUIREMENT
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been worked out considering 30% reduction in hydro generation due to failure of monsoon amgl ssify@emented
by coalbased generation and details are givefidhle 9.8

Table 9.8
Coal requirement in the year 202122 and 202627
S.No | Description 202122 202627
RES:175 GW RES:275 GW
1 Coal Requirement
1.1 | Coal based generatiggross) BU 1072 1259
1.2 | Hydro based generation (gross) BU 156 257
1.3 | 30% reduction in Hydro Generatiol
assuming failure of monsoon BU 46.8 77.1
1.4 | Total coal based generation
(1.1+1.3) BU 1118.8 1336.1
1.6 | Coal Requirement
@0.65kg/kwh+1% transportation | MT 735 877
loss
1.7 | Imports by plants designed on
imported coal MT 50 50
2 Domestic coal Requirement
(1.61.7) MT 685 827
Exhibit 9.6
Coal based Generation and Coal Requirement
1400 1319.7
1200 = 1118.8
1000 877 827
735
800 630 584 685
600
400
200
0
2017-18 2021-22 2026-27
® Coal based Generation (BU) = Total Coal Requirement (MT)
m Domestic Coal Requirement (MT)
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Exhibit 9.7

Domestic Coal Requirement (MT)
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In order to enhance coal availabilitpulti-dimensional efforts are underway by Coal India Ltd to enhance production

of domestic coal. A road map has been prepared by CIL to substantially enhance coal production level to 1 Billion
Tonnes (BT) by the year 2029. With this programme there waoube no shortage in the availability of coal for the
power plants during 20222 and 202&7. In addition, coal production from the captive coal blocks allotted to power
utilities would also supplement the availability of domestic coal.

9.3.1 Issues/constraintdn making coal available to power stations

Timely availability of adequate coal is extremely crucial for maximizing generation from the power plants. In addition

to tapping fuel source or organizing its availability, it is also essential to creatdrdsdrircture to facilitate fuel to

reach the intended destination. Therefore, development of mines/ ports and requisite transportation facilities
commensurate with the completion of the projects is very necessary. The gestation period in the developimest of

and even transport facilities are in some cases longer than the gestation period for setting up of thermal power stations.
It is, therefore, imperative for the Power Sector to make its prospective coal requirement, over a long time horizon,
known tothe Ministry of Coal, Railways and port authorities to enable them to undertakelicated development of

coal mines and transport infrastructure with the coming up of thermal power stations.

9.4 NEW INITIATIVES FOR ADDRESSING ISSUES RELATED TO COAL SUPPLY TO THE POWER
PLANTS

9.4.1 Rationalization of Coal Linkages

In order to undertake a comprehensive review of existing sources of coal and considering the feasibility of rationalization
of these sources to optimize cost of coal transportation, dmemrMinisterial Task Force (IMTF) was constituted by
Ministry of Coal in June, 2014. Also CIL engaged M/s KPMG Advisory Services Private Ltd to assist the Task Force
in optimization exercise. Report of Intktinisterial Task Force (IMTF) and Pdrbf KPMG report was discussed with

the power utilities on 2nd December, 2014. IMTF report was agreed by the concerned power utilities. As per KPMG,
tot al benefit by way of |l ogistic savings wasMinsteriplect ed
Task Force (IMTF) had recommended a three step approach for implementation.

i. The recommendations intatia included rationalization of linkage sources for 19 power utilities in Stage
swapping linkage coal between different coal companies to optimize distances and maximizing dispatches of
coal. As per status of implementatiohrecommendations of IMTF, Coal India Ltd. executed revised Fuel
Supply Agreement (FSA) with 17 power plants in respect of Stag#donalization. This had resulted in
movement rationalization of 24.6 MT matlg)lofreeirindh annu
transportation cost.
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ii. The Task Force recommended rationalization of 6 swap sets among power utilities ih tage envisaged
swapping of <coal bet ween O6i mported coal and domest
among 6 States involving 11 power utilities in Centre /State/ Private Sector.

iii. Among the participating companies, 19 swaps were envisaged. Out of these swaps, only 6 swaps (saving 952
Crores) were agreed for implementation. However, with the improvedahbiliyl of coal for pit head power
plants, the swaps agreed for swapping of imported coal with domestic coal for pit head plants was not feasible.

Thus, at present, only 4 swaps (saving 687 Crores:c
only one set of swap has been implemented result in movement of rationalization of 1.3 MT coal and potential
annual savings of 458 crores of transportation c

With the implementation of Stageand Stagdl of recommendations of the IMTF, movementioaalization
of 25.9 MT coal has been taken is with potential al

9.4.2 Third Party Sampling

In order to address quality concern of the coal supply to power plants, it was decided in the meeting hedtrynoflini

Power on 28.10.2015 that coal samples shall be collected and prepared by a Single Third Party Agency appointed by
power utilities and coal companies. It was suggested that CIMFR may undertake bidding process for appointment of
Third Party SamplingAgencies on behalf of power utilities and coal companies. Necessary funding arrangement shall
be made by coal companies and power utilities on equal sharing basis.

A committee constituted with Director (Operations), NTPC and Director (Marketing), Caalllttd as Ce Chairman
with representatives from CEA, NTPC, CIL, DVC, APP, State of Gujarat, Madhya Pradesh, Rajasthan, Haryana,
Karnataka and Railways to look into the issues of Third Party Sampling has been constituted and prepared a road map
for implementation of decisions on Third Party Sampling. The terms of reference for the committee was as under:

i. The committee to look into issues of third party sampling for coal supplies for power sector incladiatios.

il The issue of rgrading of mines in & there is persistence variation of mine declared grades with results of
third party sampling.

iii. Issue of coal shortfall on account of energy shortage due to grade slippage as per third party report at loading

end.
iv. Issue of normaterialization of quantityfacoal due to notplacement of Railway rakes against indents of CIL.
V. Issue of adjustment of quantity of coal due to variation in actual delivered quantity vs normative wagon carrying
capacity.
Vi. Involvement of Railways to ensure transportation of coal abiped quality and quantity.
Vii. Feasibility of the following aspects:

1 Use of IT in GPS tracking of coal supply
1 Online coal analysers/auto samplers to address issues at loading end
1 Online submission of analysis results of coal samples for speedy setttefrbalst

It has been decided that CIMFR will undertake the work of third party sampling at unloading point, i.e., at the power
plant end. Therefore, with the sampling of coal at loading and at unloading point will address the issues of quality and
grade dppage of the coal supplied to power utilities in their power plants.

9.4.3 Flexibility in Utilization of Domestic Coal

In order to achieve flexibility in utilization of domestic coal for reducing the cost of power generation, the proposal for
allowing flexibility in utilization of domestic coal was approved by the Cabinet on 4.05.2016. Under the scheme, the
Annual Contracted Quantity (ACQ) of each individual coal linkage as per Fuel Supply Agreement is to be aggregated
as consolidated ACQ for each Statel Company owning Central Generating Stations instead of individual generating
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station. The State/Central Gencos would have flexibility to utilize their coal in most efficient and cost effective manner
in their own power plants as well as by transferiéogl to other State/Central Gencos Power plants for generation of
cheaper power. The States may also transfer coal to efficient IPPs selected thBiddimg process. Ministry of
Power/Central Electricity Authority in consultation with all the Stake é@dhas prepared and issued the methodology

for flexibility in utilization of domestic coal. Supplementary agreements have been signed by power utilities for
aggregation of ACQ with coal subsidiaries/CIL. The flexibility in utilization of domestic cobtesililt in reduction of

cost of electricity to the consumers.

9.5 COAL WASHERIES IN INDIA

In India, 20 percent of coal produced is washed as against a global average of 50 percent. Coking coal preparation has
long been in operation in India but recently, thend has been shifted to washing of fwmking coal due to
environmental and efficiency concerns. The long distance transportation of coal via land routes offer an ideal opportunity
for coal washing in India because of economic benefits. Though coag¢rydshreases the overall cost of coal, but the
benefits accrued in terms of saving in transportation, O&M cost and efficiency are sustained.

Ministry of Environment & Forests vide Notification G.S.R. 02(E), dated January 02, 2014, has amended Rules in
regect of use of washed/ blended or beneficiated coal with ash content not exceediriguhjprcent on quarterly
average basis in Thermal Power PlaAtsper the amended rules, power plants located beyond 500 kms from the pithead
shall be supplied witland shall use raw or blended or beneficiated coal with ash content not exceedinfipuiirty
percent on quarterly average basis w.€"fJ6ne 2016Ministry of Coal/CIL is required to take necessary action for
compliance of the above.

9.6 LIGNITE

Lignite reserves in the country have been estimated at around 40.9 Billion tonnes, most of which is found in the State
of Tamil Nadu. About 82 % of the Lignite reserves are located in the State of Tamil Nadu & Pondicherry. At present
only a small percentagof the total reserves of lignite have been exploited. Considerable scope remains for the
exploitation of the lignite reserves and use of lignite in thermal power stations subjectécaumiics. Statwise
distribution of Lignite resources is shownTable- 9.9.

Table 9.9
State-wise Lignite Reserves
State Total[MT]
Tamil Nadu 33,309.53
Rajasthan 4,835.29
Guijarat 2,722.05
Jammu & Kashmir 27.55
Others (Kerala, West Bengal) 11.44
Total 40,905.86

The anticipated requirement of Lignite by NLC Ltd, plants in Rajasthan & Gujarat and IPP at Neyveli durigg22017
& 2022-27 are shown iffable 9.10
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Table 9.10

Lignite Requirement during 2017-22 & 202227
State/Year Total (201722) (MT) Total (202227) (MT)
NLC Ltd. 131.64 186.83
IPP at Neyveli 9.51 9.51
Rajasthan 50.50 50.50
Total 248.31 303.50

Source NLC

9.7 CONCLUSIONS

The coal requirement for the year 2624 and 202&7 have been worked out considering 30% reduction in Hydro
generation due to failure of monsoon and being supplemented by coal based generation. The domegtic@o&int

in the year 20222 has been estimated as 685 Million Tonnes and 827 Million Tonnes in the yea2 @R2@&/hile
imports by plants designed on imported coal to be 50 Million tonnes in the yeaR2@&lwell as in 20287.
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CHAPTER-10
KEY INPUTS

10.0 INTRODUCTION

Timely availability of all key inputs as per the schedule of requirement of the individual power projects, is vital for
successful implementation of any Power Plant. Infrastructural support such as port facility, construction &
manufacturing capabiliteespecifically erection machinery and erection agencies including civil and BOP contractors
are also of utmost importance. This Chapter therefore examines the availability of following key inputs

Manufacturing capacity for equipment

Major Materialsi Cement, Steel, Castings, Forgings, Tubes & Pipes
Transporfi Railways and Ports

Gas pipelines including regasification facilities

Land and Water for Thermal stations

=A =4 =4 -4 A

Availability of other inputs like Fuel, Funds and Mpower have been dealt irgarate chapters.

The estimation of materials has been made based on the estimates already available for the past (a2 MER

suitable changes/modifications for large supercritical units and latest manufacturing trends indicated by the
manufactuers. Inputs for Cement and other materials for nuclear projects have been considered at 130% of the
requirement of coal based projects based on the assessment of Nuclear Power Corporation (NPCIL-R&I2NEP
Inputs for hydro projects have been retaifredh the NEP2012

Availability of transportation has been estimated based oisshes/constraints identified in the previous Plan and the
developments and policy initiatives brought out by various Ministries during the deliberations. Suggestions for further
improvements have also been indicated based on the inputs received deirilgdjlibrations from the manufacturers

and utilities.

Major share of capacity addition during the coming years is planned through renewable sources like solar and wind. As
the inputs required for the renewables stations are substantially differenhfreenfor conventional stations, these have
been covered as a separate-settion.

10.1 CAPACITY ADDITION PLAN

Based on the review of T2Plan, the targeted and anticipated capacity addition during thBlaa (201217) is given
in Table 10.1

Table- 10.1
Targeted Capacity additioni 12" Plan (201217)

(All Figures in MW)

Source Capacity (MW)

Coal + Lignite 69,800
Gas based 2,540
Hydro 10,897
Nuclear 5,300
Total 88,537
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Table- 10.2
Capacity addition Achieved 12" Plan
(All Figures in MW )

A | 12th Plan Capacity Addition Target 88,537
. - . ] 63,9129
B | Capacity addition as per target(88,537 MW) during 12 Plan as on 31.03.201
24,613.8

C | Capacity slipped from the capacity addition target of 18 Plan

Additional Capacity commissioned during 12 Plan as on 31.03.2017 outsid]  35,296.6

D the capacity addition target

Total Capacity addition achieved during 12" Plan (B+D) 99,209.5

As may be seen the 1 Plan witnessed a total capacity addition of over 99 G¥ble 10.9 as against targeted capacity
addition of 88.5 GW. This, coupled with large scale renewables planned have led to sharp reduction in the thermal
capacity addition requirements during 2622, Accordingly, the capacity addition required durind2@2 given in

Table 10.3

Table- 10.3
Capacity addition required for the period 201722 (figures in MW)
Period RES Conventional Capacity Renewables
Capacity Thermal Hydro Nuclear Total capacity in
addition Coal Gas March-2022

(GW)
201722 117.75 6445* 406 6,823 3300 16,974 175,000

Note: *Coal based capacity of 47,855 MW are in different stages of construction and are expected to be available
during 201722.

The capacity addition requirements for the period 2022re estimated and are giverTeble 10.4

Table- 10.4
Capacity addition required for the period 202227 (figures in MW)
Conventional Capacity Total Renewables
Thermal Hydro Nuclear capacity
Coal Capacity addition Gas addition
Required
46,420 0 12,000 6,800 65,220 100,000

Note: **Since 47,855 MW of coal based plant are expected to come during22@Grd will be partially utilized during
201722, therefore, this coal based capaaitigition of 47,855 MW may be utilized during 2622. Hence ONLY
46,420 MW additional coal based capacity addition may be required during2D22

10.2 AVAILABILITY OF EQUIPMENT
10.2.1 Main plant equipment
As has been decided by the Ministry of Power that entire coal based capacity addition during the ye22sa@l7

subsequent Plan periods shall be through supercritical units. Requisite indigenous manufacturing capacity for
manufacture of suparitical units is considered vital to ensure lifetime support for services and spares, specific problem
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solving and customization for trouble free operation of these units in the Indian conditions. As a result of the efforts
made by the Government over the last dector creating indigenous manufacturing capacity for supercritical units,
BHEL entered into technology collaborations and several joint ventures by the International manufacturers were set up
for indigenous manufacturing of supercritical main plant eqeipm
Encouraged by the bulk orders awarded by the Government with mandatory Phased Manufacturing Programme
provisions, most joint ventures are under advanced stage of completion of the manufacturing facilities and have also
started rolling out componenssirassemblies etc. from their manufacturing facilities. The indigenous manufacturing
capacity for supercritical main plant equipment likely to be available from BHEL and the JVs are diadheii0.5
Table- 10.5
Indigenous manufacturing capacity forSupercritical equipment

(Capacity MW/year)

Manufacturers Boilers Turbine-
generator
BHEL 13,500 13,500
L&T -MHPS 4,000 4,000
Alstom -Bharat Forge - 4,000
TJPS (Toshiba) SW Power System) - 3,000
ThermaxBabcock & Wilcox 3,000 -
Doosan Power Systenrzdia Pvt Ltd 2,200 -
Total 22,700 24,500

Thus, adequate indigenous manufacturing capacity of supercritical main plant equipment is available in the country.
Most manufacturers do not have requisite orders and have expressed concerns on lack ofndigiemsus
manufacturing capacity for hydro and nuclear stations also exists in the country.

Indigenous manufacturing capacity for Gas Turbines/combined cycle stations is also available in the country and large
sized Gas Turbines including advanced ctassbeing manufactured by BHEL.

10.2.2 Balance of Plant (BoP) equipment

Balance of Plant systems such as Coal Handling Plant, Ash Handling Plant, Water Treatment / DM Plant, Cooling
Towers, CW System, Chimney, electrical systems and switchyardvete. identified as critical items for timely
commissioning of thermal power projects in thé" Blan and several measures like standardisation of BoP systems,
reviewing the qualifying requirements to ensure quality vendors and large vendors for fastgioexaf projects,
mandating a central organization to maintain a dynamic data base with regard to BOP orders were suggested.
The above issues have been largely addressed and inftilat2generally no constraints/delays on account of BoP
have beeriaced. However, offate, constraints in availability of good BoP systems vendors are being felt as many of
the good Coal Handling Plant/Ash handling plant vendors are not in good financial health. Even in the EPC contracts,
the EPC agency normally swontracts BoP systems or procures these as bought out items and thus availability of good
BoP vendors is vital for all projects. NTPC brought out that,tduack of good contracting agencies in Coal Handling
Plants(CHP) & Ash handling Plants (AHP) withagbfinancial health, works get affected in these areas and NTPC is
required to make lot of efforts in making available supplies and making these systems ready to match with the
commissioning requirement. In several caBB$C had to terminate the contteawarded due to nguerformance of
the vendor$ like Ash handling plant system at Solapur, VSTIRRind Barhl projects and coal handling plant at Kanti
TPS.
Themajor reasons identified for poor performance of the agencies are as under:

1 Agencies haveaken works beyond their capacities and are not able to mobilize the resources to meet the

commissioning targets
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1 Cash flow problems / financial crunch of agencies
1 Many a times, works taken at lower prices but not able to sustain during execution
In such caes where constraints are felt by BoP vendors or where contract have been terminated, NTPC has adopted the
following action Plan for completing the projects:
1 Taking materials through sulendors by giving comfort letters and making direct paymentsitosndors.
1 Direct payments to suhgencies working at sites to ensure that regular payments to the labourers working at
site.
1 Hiring cranes and other T&Ps. and providing these, to the agencies on chargeable basis.
BoP systems in power stations are gemgralaterial handling systems which are common to several other large
industries like cement, steel etc. and vendors are operating across number of such industries. Some main plant
equipment/EPC contractors have also reported that BoP vendors and civiecont or s Poefke 0 fwNo ks . T
a long term solution for ensuring requisite availability of good BoP vendors needs to be found.
The NER2012 had suggested mandating a central organization to maintain a dynamic data base with regard to BOP
orders ad their liquidation. Considering the constraints being faced by the power sector, it is felt that such an
organizational mechanism for information sharing on BoP vendors across industries needs to be considered. Such a
mechanism could provide the follovgrsalient details:
1 A web based portal for sharing all information relating to BoP vendors viz. orders at hand, their implementation
status etc. orders completed, feedback of the customers so that project developers can take informed decisions.
1 Availability of T&P and trainedkilled/Semiskilled man power available with the vendor.
1 In second phase the BoP vendors and Construction agencies could be rated based on their performance.

It is also felt that new advanced technologies BoP systems like@tigbentration Slurry Disposal (HCSD) type ash
disposal systems, closed pipe type conveyers for coal handling plants (CHP), large size R.O systems would be required,
and requisite capacity for implementation of these systems and also indigenous mangfaftkely equipment for

such systems should be developed.

10.3AVAILABILITY OF KEY MATERIALS

Availability of the following key materials has been assessed for thermal, hydro and Nuclear capacity addition planned:
Steel- Structural Steel and Reinforcemesteel

Cement

Aluminum

Boiler Tubes & Pipes

Thicker Boiler Quality Plates

Castings & Forgings for TurbGenerators (TG) Sets

=A =4 =4 -4 -4 -4

As has been brought ouhe estimation of materials for thermal projects has been made based on the inputs received
from the equiment manufacturersthe norms adopted for estimation of material in the past plan-@UWEPR) were
reviewed by the manufacturers and modifications indicated have been suitably incorporated. Inputs for Cement and
other materials for nuclear projects haverbeonsidered at 13086 the requirement of coal based projects.

10.3.1 Norms Adopted for Estimation
The norms adopted for estimation of materials are giv8rable 10.6andTable 10.7
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Table- 10.6
Norms for estimation of key materials for projects

(All figures tonnes/MW)

Thermal
. — Hydro
Materials Coal/Lignite Gas
Cement 150 60 956
Structural steel 85 29 34
Reinforcement steel 45 24 93
Stainless steel 2 1 -
Aluminium* 0.5 0.5 0.1

*Used in windows, metal cladding walls, control rooms

Table- 10.7
Norms for estimation of Castings and Forgings for Coal based projects

(Figures in MT per sd*)

Equipment Weight of Castings | Weight of Forgings
Turbine 384 234
Generator 3 130
Total 387 364

*Supercritical 660/800 MW unit

The above norms for castings and forgings have been considered for estimation of materials. While the weight of castings
andforgings indicated by different manufacturers varies, the total weight of castings and forgings indicated by them do
not vary significantly. Some manufacturers have also indicated lower requirements of castings/forgings, however for
estimation purposeshe¢ higher values have been considered.

Table- 10.8

Norms for estimation of Tubes, Pipes & Thick Boiler Plates

Figures in Tons/MW

Material Subcritical Units Supercritical Units
Tubes & Pipes 10.15 10.62
Thicker Boiler Quality Plates 1.20 1.61

10.3.2 Material Estimates

Based on the above norms, the estimates for various key materials for the generation capacity requirements for the period

201722 and 20227 are given ifTable 10.9andTable 10.10.
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Table- 10.9
Estimates of key materials forprojects
(All figures in Million tonnes)

201722 202227
Coal/ Coal/Lignite**
Lignite Gas | Hydro | Nuclear | Total Gas | Hydro | Nuclear | Total**
6445 406 | 6,823 3,300 | 16,974| Net Capacity 0 12000 | 6800 | 65,220
MW MW | MW MW MW addition MW | MW MW MW
46,420MW
Cement 6.963 0.00 | 11.472| 1.3260 | 19.761
Stté‘éft“ra' “Since the capacity Shown during 2027 3.946 0.00 | 0.408 | 0.7514 | 5.105
: are all under construction and it is presum
SRt(ZZIforcement that orders have already been placed, 2.089 0.00 | 1.116 | 0.3978 | 3.603
therefore the material requirement is
Stainless steel considered as NIL. 0.093 0.00 - - 0.093
Aluminium* 0.023 0.000| 0.001 | 0.0044 | 0.029

Note: *Used in windows, metal cladding walls, control rooms
**Since 47,855MW of coal based plants are expected to come during-2@1ahd will not be required during
201722, therefore, this coal based capacity addition of 47,855 MW may be utilized duringg20R2nce
ONLY 46,420 MW additional coal based capacity additimay be required during 20227
Table- 10.10

Estimates of Castings/Forgings, Tubes/pipes and Plates

(All figures in Million tons)

Coal/lignite
- 201722 202227
Description : _
6,445 MW Net Capacity addition 46,420
MW

Castings It is presumed thairders 0.0271

Forgings have already been plgce 0.0255
- therefore the material

Tubes & Pipes requirement is considereg 0.493

Thick Boiler Quality Plates as NIL. 0.0748

Note: Additional coal basethpacity of 46,420 MW during 20227 is over and above 47,855 MW
coal based capacity under construction and likely to yield benefits duringZ201ar whichit
is presumed that orders have already been placed, therefore the material requirement is
considered as Nl
As may be seen from above, based on demand projections, the coal based capacity addition requirements during 2017
22 comes out to be 6,445 MW. However, coal based projects to the tune of about 47855 MW are already under
construction and are likely to geommissioned during 20122.

Indigenous manufacturing facilities for castings and forgings is available at BHEL Hardwar and with other
manufacturers like L&T and Bharat forge. BHEL central forge and foundry plant (CFFP) Haridwar have considerably
awmented their capacity and are now manufacturing castings and forgings for 660/800 MW units except for some
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special castings. The total capacity of castings and forgings for BHEL CFFP Haridwar is 10,000 tons per annum. L&T
and Bharat forge also have wodthss casting and forging capability. L&T forge plant has capacity to produce large
casting of up to 54 torissuitable for 660/800 MW units. Thus BHEL and other indigenous manufacturers have adequate
indigenous capacity for castings and forgings. Howetlee, designs of castings/forgings are specific to each
manufacturer and manufacturers adopt different designs, material composition etc. based on their OEMs standard
practice. Thus most manufacturers presently use imported castings/forgings.

The equipmenhmanufacturers have brought out that most of the tubes and plates are required to be importeg. Tubes
to grade T 20 are indigenously available and beyond th
Normal Bore) size are available indigenously but beyond that are imported. Alloy steel pipes to ASTM grade A 335
P91/P92 and thickalled carbon steel pipes to ASTM grade A106 Gr C are imported due to lack of domestic availability.
Special fittings, Critical valves like Control valves are not available indigendlisgre is no indigenous capacity for
manufacturing of thick boiler plas and they are entirely imported. SAIL has brought out that they are manufacturing
only electric resistance welded (ERW) tubes and are not manufacturing seamless tubes required for boilers. Besides,
there is no indigenous capacity for manufacturing oBCRCRNGO steels at present and these steels are imported.

During the deliberations held with the manufacturers and ministry of steel in the meetings of NBPmitiee for

key inputs, it was agreed by all that indigenous manufacturing of criticad stegltubes and plates needs to be created.
Ministry of steel/SAIL agreed to undertake R&D for indigenous development of various special steels used in
manufacturing of boilers and Turbine generattiris suggested that a joint mechanism may be creatéerMinistry

of Steel with participation of power equipment manufacturers and steel manufacturers for more information sharing on
compositions/properties of various steels and steel products required and their indigenous development by the steel
industry.

10.4 RAIL TRANSPORTATION
Rail transportation is critical for movement of equipment as well as coal to power stations. T2 NE&d the 172
Plan working group on power by the planning commission had stressed on

9 Creation of dedicated freight corridors (DFC),
1 Augmentation of capacity to evacuate coal from major coal fields namely North Karanpura, Ib Valley,
Talcher and Mand Raigarh.

1 Rail connectivity to all ports having coal unloading facilities especially themgiarts.

I Gauge conversion, new railway lines, electrification of new routes
Railways have indicated that, while Dedicated Freight Corridors (DFCs) are being pursued, parallel efforts are also
being made for augmentation of Railway lines; so as to overemy&onstraints being felt in transportation. Major
railway projects have been undertaken in Central & Eastern railway.aAtsmrdination mechanism between Ministry
of Power and Ministry of Railways exists for identifying bottlenecks/priorities forstrartation and based on the
assessment/discussions therein the Raiplitlagarh line has already been advanced for commissioning in 2018 as
against 2020 planned earlier. Railways have also been requested to ensure that no constraints are faced in North
Karanpura area where Coal India Ltd is coming with new mines and Coal from these mines as well as from NTPC coal
blocks in that area would be required to move to Central region.
Regarding rail line connectivity for minor ports, Railways have brought @aitMmistry of Railways have taken a
policy decision not to undertake any fresh projects for connectivity to new/minor ports and all such projects for port
connectivity will be undertaken on PPP model where JVs would be formed by the port developdtajlwils as 26
% equity partner. Such an arrangement would facilitate land acquisition for the lines by the Railways while also ensuring
requisite participation by the port developers. Such a mechanism lowers the financial burden of new projects on
Railways, ensures commitment of the other stakeholders (port developers etc.) and also leads to benefits of Revenue
sharing to the Stakeholders.
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The white papérbrought out by Railways in Fel015, envisages a shelf of 154 New Line projects with total length of
17105 km at a projected cost of 173,448 crores and 2
km at a cost of shelf ofprjectsdas beem categersed withla @iew to providing focused attention
and assured funding to various categories. With the present levels of funding, the prioritized projects may take anywhere
from 3 to 13 yearso complete. Thus many projectave been taken on cost sharing basis with the induswg such
projects have been taken up with Coal India and one with NTPC.
The Railways policy on participation of the private sector in providing last mile connectivity to ports, large mines,
clusterof industries for building rail connectivity and capacity augmentation has proposed the following five models:

i) Non-Government private line model

i) Joint Venture

iii) Capacity augmentation through funding by customer

iv) BOT

v) Capacity augmentatiathrough annuity model.
All the models provide a clear revenue stream to the investor for making the connectivity projects bahkable
Model Concession Agreements for private line model, joint venture and BOT have been approved and put in public
domain The agreements for the other two models are under approval process.

10.5ROAD TRANSPORTATION

Road transportation provides last mile connectivity to the power projects in conjunction with other modes of
transportation like Railways and ports; while it is the sole mode for transportation for large over dimension consignment
(ODC).The NER2012 andlte 12" Plan working group on power by the planning commission had stressed on:

1 Augmentation of Roads and Highways for transportation of Over Dimensioned Consignments (ODC) for
higher size units.

1 Amendment in Motor Vehicle Act to accommodate heasypsignments above 49 MT and inclusion of
hydraulic axle trailers.

1 Review of load classification for Roads & Bridges by IRC/ MoRTH to accommodate ODCs beyond 100
MT.

1 Single window clearance and onetime payment for ODC movement.

1 Proper design of Toll Plazdmiilt on highways.

1 Changes in Road design in North Eastern & Hill states to minimise sharp curves/gradients in roads and have
sufficient vertical clearance in underpasses.

1 Proper Approach Roads for Hydro Projects

The issue of ODC movement is the mostical for power projects. However, the equipment manufacturers have
indicated that despite constant follow up for the last several years there has been no satisfactory solution to the above
mentioned issues. With substantial number of state specific obEmraequired at present, turn over time for
lorries/demurrage goes up considerably; and with limited availability of agencies for large ODC movements, this leads
to delays in transportation of critical items, leading to delays in project executiorth€hssue needs to be addressed

on priority. Manufacturers have given several suggestionsi likdoption of standardized maximum axle weight of
around 16 MT/axle and no approvals should be required thereafter, single window clearance system for @3$ as a

case to case basis by individual state authorities at present. It has also been suggested that a Nationad)Eidgiep

2 Indian Railwaysg A white paper
http://www.indianrailways.gov.in/railwayboard/uploads/directorate/finance budget/Budget 2015
16/White Paper English.pdf
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Programme may be taken up by Ministry of Road Transport and Highways (MoRTH) in partnership with Central &
State authoritig for upgradation of all bridges to minimum strength facilitating ODC movements.

MoRTH have indicated that approval of ODC on national highways has been made online. It is seen from MoRTH
website that a system for online clearance for ODC movements iatiopef. However, it is seen that the online
clearance pertains to only the bridges on National Highways (NH) and there also it excludes bridges with span greater
than 50 metre. QuoteThe movement has been allowed on NHs and for bridges having sptnléssghan 50 metres

except distress bridges (bridges which are unsafe for carrying IRC loads as per Ministry's Circular no.
RWNH35072/1/2010S& R(B) dated 20th May ,2014. The movement of bridges having span length >50 metres or bridges
not covered in Miistry's Circular no.RWNH35072/1/2010S& R(B) dated 24/01/2013 shall be allowed only after
checking adequacy as per IRC:SP:37:2010 and completing the procedure as per Circular daay 214,

From a typical approval for BHEL Hyderabad to Wanakbori BR&lable on the MoRTH website, it is seen that there

are 8 distressed bridges and 10 other bridges involved where no ODC movement is permitted. Also there are 11 bridges
(10 special bridges and 1 bridge of span greater than 50 metres) where ODC movathdet allowed only after

checking adequacy and completing the procedure thereby implying specific clearance to be sought. Thus as has been
brought out by the manufacturers such a system has little utility as substantial specific clearances arenrepitéed i

of this online system. Thus the suggestion of manufacturers towards adoption of standardized maximum axle weight of
around 16 MT/axle and no approvals should be required thereafter, single window clearance system for ODCs as against
case to case b by individual state authorities at present or undertaking a National Bridgeadation Programme

by Ministry of Road Transport and Highways (MoRTH) in partnership with Central & State authorities for upgradation

of all bridges to minimum strength flitating ODC movements need to be seriously considered to remove the
constraints prevailing in ODC movements.

10.6 PORTS

Ports are vital for transportation of imported coal as well as equipment for the profect$ER2012 and the T2Plan
working group on power by the planning commission had stressed on the following for ports development:

1 Adequate coal unloading arrangement at Ports to handle imported and domestic coal.

1 On the East Coast, coal handling facilities to be augment®aradip and Vizag Ports to evacuate coal
from mines in Orissa as rail routes are congested.

1 Mechanisation of all major and important minor ports by augmenting crane capacities, silos, conveyors &
wagon tipplers.

1 Increasing draft at various ports to han&lanamax or capsize vessels.

1 Creation of RGRO berths in at least two major ports namely Kandla on the west coast and Paradip on the
east coast for unloading ODCs.

I Road connectivityo ports to handle ODCs has to be ensured.

Ministry of Shipping have braght out that out of the 12 major ports in the country, six ports hamely Haldia, Paradip,
Tuticorin, New Manglore are handling Coal and the present capacity of these ports to handle the coal is 75 million
tons/annum. Also, Ministry of Shipping has takepadicy decision that further augmentation of capacity at the major
ports would be done through PPP mode only.

The Ministry of Shipping, Government of India has 12 Major Ports under the administrative control of the Ministry viz.
Kolkata, Paradip, Visakhapnam, Chennai, Kamarajar Port (Ennore), V O Chidambarnar (Tuticorin), New Mangalore,
Mormugao, Cochin, Mumbai, Kandla and Jawaharlal Nehru Port. There are 6 Major Ports on the West Coast of India

3 https://morthowc.nic.in/auth/users/index.asp
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and 6 Major Ports on East Coast on India. Besides, therseseraminor Ports which are not in the Scope of the
Ministry and they come under the purview of the State Governments.

The Major Ports have a total capacity of 871.52 million tonnes asstM&th, 2015. The Major Ports at Haldia Dock
(Kolkata Port), Paradip, Ennore, V O Chidambarnar, New Mangalore and Mormugao have dedicated coal handling
facilities. Further, the Port of Visakhapatnam also handles coal at multipurpose berth. The capledigadéd coal
handling facilities is 74.56 million tonnes as on 31.3.2015.

The capacity augmentation projects at Major Ports are undertaken on Public Private Partnership model (PPP) only where
the private developers develop their own jetties and handisggation and other facilities are provided by the port
authorities. The Request for qualification process is initiated based on the demand for cargo capacity for different
category of cargo. The qualified bidders at RFQ stage are entitled to pagticifREP (Request for Proposal) with
revenue sharing model with the concerned Major Ports. The model Concession Agreement between PPP operator and
the Port is signed with conditions for the Project thereof.

Ministry of shipping has brought out that it may be necessary for the Power Companies to enter into Memorandum of
Understanding (MOU) for logistic Plan for evacuation of Thermal Coal. Based on the MoU, the capacity with
development of berth is taken up e concerned Port. A copy of the procedure to be followed for appraisal/approval

of PPP projects in ports, notified by the Central Government is pladethakure-10.1

10.7 INLAND WATERWAYS

The following five major river/canal systems have been decla®thtional Waterways

1 Ganga Bhagirathi- Hooghly river system between Haldia (Sagar) & Allahabad (total 1620 &evlared as
National Waterway No.1 (NWL) in 1986.

1  Brahmaputra river between Bangladesh Border and Sadiya (891 #&u)ared as Nation&Vaterway no. 2
(NW-2) in 1988

1  West coast canal (KottapurafnKollam), Udyogmandal canal (KochPathalam bridge) and Champakara
canal (Kochi Ambalamugal) (total 205 kni) declared as National Waterway No.3 (N8)/in 1993

1 KakinadaPuducherry stretch ofdbals, River Godavari (Kaluvelly Tank, BhadrachalaRajahmundry) and
River Krishna (Wazirabail Vijayawada) (total 1095 km) declared as National Waterway No.4 -\
2008.

1 Talcher Dhamra stretch of river Brahmani, Geonkh&harbatia stretch of Ea€loast Canal, Charbatia
Dhamra stretch of Matai river and Mangalg&diradip stretch of Mahanadi delta rivers (total 623 km) declared
as National Waterway No.5 (N\&) in 2008

In addition, Lakhipur to Bhanga stretch of river Barak (121 km) in Adsgwoposed as National Waterway-6
Some of the waterways like N\Wand NW2 are well developed.
i. On NW:1, Inland Waterways Authority of India (IWAI) is carrying out various developmental works
for improvement in navigability and development & maintenance of other infrastructure such as
terminals and navigation aids. IWAI had been maintaining a Leeailable Depth (LAD) of 3.0
meters between Haldia (Sagar) & Farakka (560 km), 2.5 meters in Faidia(400 km), 2.0 meters
in Barh- Ghazipur (290 km) and 1.2 to 1.5 meters in Chunaliahabad sector (370 km) on this
waterway (NW1).
ii. Several largeargo movements have already been carried out on this watétikayrial movements
of 2600 tonnes fertilizer of M/s Tata Chemicals from Haldia to Fatuha (Patna), 2500 tonnes fertilizer
of M/s IFFCO Phulpur from Fatuha (Patna) to Kolkata was done stiglhgsduring 2013

4 http://iwai.nic.in/index1.php?lang=1&level=2&sublinkid=1468=164
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14. Further, several Inland tourist vessels made successful voyages in koBeatsaria- Kolkata

and Kolkata Patna- Kolkata sections during 201B4.

On NW-2, IWAI is maintaining a navigable depth of 2.5m in Bangladesh Boikamait (629 Km),

2.0 m in Neamati Dibrugarh (139 Km) and 1.5m in DibrugarhSadiya (Oriumghat) stretch. At
present the waterway is being used by vessels of Government of Assam, CIWTC, Border Security
Forces, Tourism organization and other private operatansg cruise tourist vessels are making
voyages between Sivsagar near Dibrugarh and Manas wild life sanctuary near Jogighopa regularly.
Over dimensional cargo (ODC) is also transported through the waterway from time to time.
Transportation of POL (petroleynoil and lubricants) was also made through this waterway from
Silghat to BudgeBudge (West Bengal) and Baghmari (Bangladesh).

Inland waterways can be effectively used@amal transportation as it is exerting a lot of pressure on Indian Railways
network;thus wherever feasible, transportation of coal (particularly imported coal) using Inland Waterways can be
looked into.

A beginning has already been made by NTPCtrfansportation of imported coal to Farakka station through
National Waterwayl. The trasportation has already started in Nov'13 ahd1.12.2015, a total of about 1.2
MMT imported coal has been supplied to Farakka through this mb@esalient details of the mechanism/process
employed are as under:

a.

Vi.

NTPC executed a Tripartite Agreemevith Inland Waterways Authority of India (IWAI) and selected
the Operator. As per agreement, the Operator is required to:

Unload and transport 3 MMTPA imported coal from high seas (Sandheads/Kanika Sdoudg 140
kms from Haldia) to Farakka power pta

. Create the infrastructure from transfer point in mid sea to NTPC coal stock yard including Transhipper,

Barges, Unloading arrangement at Farakka waterfront, Conveyor (about 2.5 km) from jetty to Farakka
coal stockyard

iii. Operate and maintain the projéat 7 years from COD
iv. NTPC had given commitment for transport of 3 MMTPA coal through inland waterway for 7 years

from COD.

. Entire investment for the project is to be made by the operator. Payments for the coal transported by

the Operator is made by the loned Coal Supplier (ICS) appointed by NTPC time to time.

Material handling system at Farakka shall be transferred to NTPC after 7 years of operation.

IWAI is required to ensure Least Available Depth (LAD) of 2.5 m for minimum 330 days in a year and
navigational aids for round the clock operation.

The project commenced its operation on 28.10.2013 and first set of 03 barges reached Farakka on
13.11.2013, carrying approx. 1500 MT each of imported. coal

Several thermal power stations are operationahenbainks of Ganga in the States of West Bengal and Bihar. Also
several more Thermal Power Stations are proposed/under construction in Bihar and Uttar Pradesh. Their coal
requirement can be met through IWT. Railways & Waterways can jointly develop romgtsgies for easing out
movement of coal & power equipment to the power projects.

10.8LNG REGASIFICATION & PIPELINES FOR TRANSPORTATION OF NATURAL GAS

The prevailing regasification capacity for LNG in the country stands at about 21 Million metric tons per annum
(MMTPA). However, only a part of this capacity is available for power seddl is planning to expand its Dahej
terminal capacity to 17.5 MMTPAdmM present 15 MMTPA by 2019. M/s Shell is also planning to expand its capacity
and increase to 5 MMTPA with the construction of break water facility. Though Kochi Terminal has been commissioned
in September2013, at present, the terminal is running atat341% of its capacity.

KEY INPUTS
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ONGC have signed a Memorandum of Understanding (MoU) with New Mangalore Port Trust (NMPT), Mitsui and
BPCL for carrying out feasibility study for setting up LNG regasification terminal at Mangalore. IOCL is setting up 5
MMTPA LNG regasification terminal at Ennore. GAIL and IOCL have signed separate MoUs with Dhamra LNG
Terminal Pvt. Ltd. for booking of capacity in their proposed LNG terminal in Orissa. Andhra Pradesh Gas Distribution
Corporation (APGDC), an affiliate company of GAin collaboration with the Government of Andhra Pradesh is
promoting setting up of a 3.5 MMTPA Floating Storage Regasification Unit (FSRU) based LNG terminal in Kakinada.

At present, the country is having about 15,000 km of natural gas pipeline indtastrand an additional 15,000 km of

pipeline is required for completion of National Gas Grid. Out of this additional 15,000 km, PNGRB/Government of
India has authorized entities for laying of about 11,900 km of pipelines. About 1175 km of pipelipeat od€£nnore
BengalurdPuducherryNagapattinarMaduraiTuticorin was pending for award due to court case pending before the
Hondébl e Supreme Court. The said court case has .been re

10.9 INPUTS FOR RENEWABLE ENERGY PROJECTS

As brought out in Par&0.1 above, substantial capacity addition is envisaged from renewables durirp2@id 2022
27.MNRE was requested for working out the norms for estimation of various inputs for renewables projects based o
solar, wind etc., their indigenous availability and issues involved in transportation of equipment etc. in consultation with
the manufacturers of these equipment and would be made available by MNRE separately.

10.10 LAND AND WATER FOR THERMAL STATIONS
10.10.1 Land

The | and requirement for various configurations of the
Land Requirement for Thermal Power Statb® 1 -Othée typical value for init combination of coal based station

based on domestic coalries from 1.11 to 0.929 Acres/ MW for 500MW unit to 800MW unit size and is approx. 0.55

Acres/ MW for Coastal Stations based on Imported Coal. The same has been concurred by the members.

The 12" Plan working group on Power by the Planning Commissiondeaddified the following major Issues of concern
regarding land acquisition:
1 Lack of land Records, Issues related to compensdtaxk of clarity about the status of occupiers who are
not owners,
1 Right of Way (ROW) forAsh/Water pipelines, coal cony@rs and transmission lines, Resistance from local
people,
1 MOEF clearance and acquisition of forest land and Resettlement and rehabilitation of the Project Affected
People (PAP).

The working group had recommended the following for Land use and acquisitio
1 Minimizing land requirement pressure for new projects by use of spare land within existing plants.
Review of MoEF procedures for expeditious project clearances.
Higher capacity units in place of older small size units & Adoption of higher size units.
Shelf of sites for projects i.e. land bank needs to be created.
New technology options to be adopted for minimizing land requirement.
Land acquisition by States need to be done expeditiously in a time bound manner, considering that a large
percentage of poer is allocated / committed to the Home State from the power project.

= =4 —a —a -
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As no additional capacity addition is envisaged from thermal projects during2Z2)Ehd also large thermal capacity
is under construction, no major constraints are anticipated fon&hgeneration on account of land availability. Land
for projects under construction and recently awarded would already have been tied up.

However, issues faced in general by the utilities for land acquisition were discussed by @mn8uittee and themajor
points emerged out of the discussions are as under:

1 Different types of land acquisitions are involved in Power plant construction viz. Land acquisition in
contiguous land for Main Plant, Township, Ash dyke, Reservoir etc. (Pvt/ Govt/Forest),laimdacquisition
mainly for Railway corridor. Approach roads etc (Pvt/ Govt/Forest) and Right of Use/Right of Way
(RoU/RoW) for Municipal water pipeline/Ash pipe/Transmission line corridors.

1 With the enactment of new LARR act, apart from increase in iopsts,the process is getting more
complicated and lengthy now Theoretically, almost 5 years are required for completion of LA process that
includes Social Impact Assessment process/ consent of owners. The problem is more in linear acquisitions
wherein mmber of PAPs and villages are more.

T For NTPCb6s Greenfield projects, Vi z. Gadar war a, K
problems are being faced in acquisition of land for Railway SidingThe reasons include rate difference in
the land acquéed under old act / new act as awards for certain patches were declared under old act, finalization
of R&R Plan, incomplete land records resulting to left out land in critical areas, etc. Active support of the state
administration is essential for resolgisuch issues. A possible solution brought out by the members could be
formation of JVs with Railways and land acquisition by Railways under the Railway Act.

1  While in general, acquisition of forest land is avoided by the utilities/NT#H@Gulties are leing faced in
transfer of forest land mainly in linear acquisitionRail line corridor at Lara, Darlipalli projects of NTPC.

1  The major problem faced in transfer of Govt land is GMK & GMA land and absence-défined process
of agreeable solution faviction of Raiyatis. At times transfer of Govt land is becoming more difficult than
acquisition of Private land.

1 RoU (Right of Use) Act is available in MP, Chattisgarh, Bihar, Gujarat and Haryana. Due to absence of such
act in Maharashtra, Karnataka, UP and Odisha difficulties have been faced in availability of land for laying of
MuW pipelines in NTPC projects in mgsctive stated. Solapur, Kudgi, Meja and Darlipalli. Even in the
states where RoU act is available difficulties have been faced in availability of land (mostly on account of
ownerso6 demand of higher compensati osdfNTP€. BRBCL/ N

10.10.2 Water

As per Environment (Protection) Rules, 1986 (Amendni®®8)issued by MOE&F, all thermal power plants, using
water from rivers/lakes reservoirs, are required to install cooling towers irrespective of location and capacity. Thus all
thermal stations are being provided by closed cycle cooling water (CCW) systems.

Over the years, considerable technology improvements have been made to reduce water consumption in the stations
the consumptive water requirement which used to be about AWlBB/M the past, has been optimized by various
technological interventions & water conservation practamethas been brought down to 3m3/MWh.

As per the new environmental Regulations issued by MOE&F indD&6, all new plants to be installed aftél 1
January, 2017 shall be required to meet specific water consumption upto maximum of 2.5 m3/MWh. In view of the
necessity to install FGD system in the stations due to SOx emission limits prescribed in the new MOE&F Regulations,
higher consumption water reigegment of about 3 m3/MWh is estimated.

The 12th Plan working group on Power by the Planning Commission had suggesteshfion of large reservoirs/
dams on potential rivers to retain flood watershy the state Govts./Ministry of water resources to e@ster
availability for the projects.

KEY INPUTS
10.13



SR
Central Electricity Authority National Electricity Plan

10.11 CONSTRUCTION MACHINERY

The availability of construction machinery for project execution is generally considered adequate. However, as brought
out earlier, contractors at times take works beyond their capacitiesendt able to mobilize the resources and deploy
adequate T&P items to meet the commissioning targets. In the above context, a suggestion has been made for creation
of a mechanism for sharing information on orders/work load on various contractors atabilityaiof T&P
items/construction machinery with them.

Suggestions were also sought from the equipment manufacturers on improvements in construction machinery and
construction practices to improve the pace of project execution. The salient issuesdenoengthe information
provided by the manufacturers and deliberations held in theC8atimittee are as under:

1  Better infrastructure for transportation and ODC movement could facilitate larger siassarhblies at shop,
leading to reduction in executidime at sites. This would also require deployment of larger size cranes and
handling equipment at site. For bigger modules, higher size cranes of about 1000 tons may be required at site.

1  Better site infrastructure by the customer comprising of:

V Preasembly yards at site with dedicated T&Fpermittingboiler contractor for fabrication at site
could provide considerable reduction in the time of Construction. For this, an additional area of 70,000
sqg.m. would be required by the Contractor

V  Well compactednd motorable area for storage of material.

V  Hard crusting of Boiler cavity and surrounding area for Crane Marching

V  Advancement of underground portion of civil foundations in boiler area, depending upon Engineering
and interface input

i Adoption of improved Gnstruction Practices in Civil works like:

V  Using concrete batching plants instead of concrete mixers

V  Tower Cranes and placer booms for concreting for standalone high rise buildings instead of concrete
pumps

V Automatic plastering machines

V  Rebar Procesgg Unit for Fabrication of Reinforcement Steel

V  Pre Engineered Buildings with tubular sections with pocketed foundations

It is suggested that a Task Force may be created under NTPC with participation from equipment manufacturers/EPC
contractors to examirthe issue in detail and work out an optimized framework of site preparation, T&P requirements
etc. for overall improvement in project execution.

10.12CONCLUSIONS & RECOMMENDATIONS

The broad conclusions/recommendations for key inputs are as under:
1 Adequate manufacturing facilities exist for main plant equipimeack or orders is a concern of all manufacturers.

1 Presently there are large imports of raw materials, castings/forgings, tubes/pipes of alloy steels, CRGO steel etc.
for Boiler and Turbinegenerators. It is suggested that a joint mechanism may be created under Ministry of Steel
with participation from power equipment manufacturers and steel manufacturers for more information sharing on
compositions/properties of various steels and steelymts required and their indigenous development by the steel
industry.

1 Constraints in availability of good BoP systems vendors are being felt as many of the good Coal Handling
Plant/Ash handling plant vendors are not in good financial health. Even Gadghcy normally subontracts
BoP systems and thus availability of good BoP vendors is vital for all prajduith, EPC or separate package
basis. In several cases BoP contract had to be terminated duegerfanmance of the vendors. As BoP vendors

KEY INPUTS
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cater to material handling systems in other industries also, it is suggested that an organizational mechanism for
information sharing on BoP vendors across industries needs to be considered. Such a mechanism could provide
the salient details on ordershand, T&P available, past performance etc. This could be a web based portal under
DHI or Ministry of commerce.

1 New advanced technologies BoP systems like High Concentration Slurry Disposal (HCSD) type ash disposal
systems, closed pipe type conveyors foalchandling plants (CHP), large size R.O systems also need to be
indigenized. The equipment manufacturers may back integrate as some of them also have their BoP or EPC setups
or may undertake vendor developments.

1 ODC movement Continues to be a major t¢aist; though MoRTH have placed an online system for ODC
approval, it is seen that substantial specific clearances are required in spite of this online system as large number
of bridgesi special bridges, bridges with span >50 m, distress bridges arewvased under online approva@hus
the suggestion of manufacturers towards adoption of standardized maximum axle weight of around 16 MT/axle
with no approvals required thereafter, single window clearance system for ODCs or undertaking a National Bridge
Up-gradation Programme for upgradation of all bridges to minimum strength facilitating ODC movements need to
be considered to remove the constraints prevailing in ODC movements.

1 Inland waterways can become an attractive mode of transportation in conjumittidRailways. The success of
NTPC coal transportation to Farakka could be replicated across numerous other stations.

1 The prevailing regasification capacity for LNG in the country stands at about 21 Million metric tons per annum
(MMTPA) i furtherexpansions are being planned by several players. Also additional 15,000 km, of gas pipelines
are under construction for completion of national Gas grid.

9 Future Infrastructure Project in Railway line, Port development will be done through PPP mode.

1 Suggetions were sought from the equipment manufacturers on improvements in construction machinery and
construction practices to improve the pace of project execution. Several improved construction practices and pre
requisites and corresponding infrastructusalies have been brought out by the manufacturers. It is suggested that
a Task Force may be created under NTPC with participation from equipment manufacturers/EPC contractors and
utilities to examine the issue in detail and work out an optimized framewsite goreparation, T&P requirements
etc. for overall improvement in project execution.
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Annexurei 10.1
PPP IN PORT PROJECTS
1. INTRODUCTION
The Central Government has notified a system for appraisal/approval of projects to be undertaken througtv&tablic P
Partnership (PPP). Detailed procedure to be followed for this purpose is specified below.

2. INSTITUTIONAL STR UCTURE
The institutional structure for the appraisal/approval mechanism is specified.

3. APPLICABILITY

1) These guidelines will apply to &PP projects sponsored by Central Government Ministries or Central Public
Sector Undertakings (CPSUSs), statutory authorities or other entities under their administrative control.

2) The procedure specified herein will apply to all PPP projects withcapiiast s exceedi ng 100
the underlying assets are valued at a sum greater
involving a lower capital cost/value, detailed instructions will be issued by the Department of Expenditure.

4. PROJECT IDENTIFICA TION

The sponsoring Ministry will identify the projects to be taken up through PPPs and undertake preparation of feasibility
studies, project agreements etc. with the assistance of legal, financial and technical experts as neddskaeg. fGu
Formulation, Appraisal and Approval of Public Private Partnership Projects The guidelines and procedures will apply

to all PPP projects sponsored by central government, CPSUs, statutory authorities or entities under their administrative
contrd Note: The Guidelines for Formulation, Appraisal and Approval of Public Private Partnership Projects were
notified by Ministry of Finance, Department of Economic Affairs, vide OM No. 1/5/2600%P, dated January 12, 2006.

* In accordance with procedurpgroved by CCEA in the meetings of October 27, 2005 and March 22, 2007. Projects

of all sectors costing 250 crore or more or under NH
250 crore or more or undere*Ghidelnes foc FosnulationgAppraisél and Approvalr e o r
of Central Sector Public Private Partnership Projects.

5. INTER-MINISTERIAL CONSULTATIONS
1) The Administrative Ministry may, if deemed necessary, discuss the details of the project and the terms of
corcession agreement in an inteinisterial consultative committee and comments, if any, may be
incorporated or annexed to the proposal for consideration of PPPAC.
2) There could be projects, which involve more than one Ministry/ Department. While considetingrsjects,
PPPAC may seek participation of such Ministries/Departments.

6. 'IN PRINCIPLE' AP PROVAL OF PPPAC
1) While seeking 'in principle' clearance of PPPAC, the Administrative Ministry shall submit its proposal (in six
copies, both in hard and soft oy to the PPPAC Secretariat in the format specified at Adinard
accompanied by the pffeasibility/feasibility report and a tersheet containing the salient features of the
proposed project agreements.
2) PPPAC Secretariat will circulate the copies ®FAC memo and associated documents to all concerned. A
meeting of the PPPAC will be convened within three weeks to consider the proposal for 'in principle' approval.

3) Incases where the PPP projectis based on a duly approved Model Concession Agreemgnin(ptaiple’
clearance by the PPPAC would not be necessary. In such cases, approval of the PPPAC may be obtained before
inviting the financial bids as detailed below.

7. EXPRESSION OF INTEREST
Following the 'in principle' clearance of PPPAC, fdministrative Ministry may invite expressions of interest in the
form of Request for Qualification (RFQ) to be followed by shortlisting ofquralified bidders.
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8. FORMULATION OF PROJECT DOCUMENTS

The documents that would need to be prepared wiontéd, alia, include the various agreements to be entered into with

the concessionaire detailing the terms of the concession and the rights and obligations of the various parties. These
project documents would vary depending on the sector and type aftpiigjpically, a PPP will involve the concession
agreement that will specify the terms of the concession granted to the private party and will include the rights and
obligations of all parties. There could be associated agreements based on specifineatgiire

9. APPRAISAL/APPROVAL OF PPPAC

1) RFP (Request for Proposals), i.e. invitation to submit financial bids, should normally include a copy of all the
agreements that are proposed to be In cases where the PPP project is based on a duly approved Model
Corcession Agreement, 'in principle’ clearance by the PPPAC would not be necessary. In such cases, approval
of the PPPAC may be obtained before inviting the financial bids entered into with the successful bidder. After
formulating the draft RFP, the Adminiative Ministry would seek clearance of the PPPAC before inviting the
financial bids.

2) The proposal for seeking clearance of PPPAC shall be sent (in six copies) to the PPPAC Secretariat in the
format specified along with copies of all draft project agreesantl the Project Report. The proposal will be
circulated by PPPAC Secretariat to all members of the PPPAC.

3) Planning Commission will appraise the project proposal and forward its Appraisal Note to the PPPAC
Secretariat. Ministry of Law and any other Mitriy/Department involved will also forward written comments
to the PPPAC Secretariat within the stipulated time period. The PPPAC Secretariat will forward all the
comments to the Administrative Ministry for submitting a written response to each of theeatsnm

4) The concession agreement and any supporting agreements/documents thereof, along with the PPPAC Memo,
will be submitted for consideration of PPPAC, The PPPAC will take a view on the Appraisal Note and on the
comments of different Ministries, along Wwithe response from the Administrative Ministry.

5) PPPAC will either recommend the proposal for approval of the competent authority (with or without
modifications) or request the Administrative Ministry to make necessary changes for further consideration of
PPPAC.

6) Once cleared by the PPPAC, the project would be put up to the competent authority for final approval. The
competent authority for each project will be the same as applicable for projects approval by PIB.

10. INVITATION OF BI DS

Financial bids may bewvited after final approval of the competent authority has been obtained. However, pending
approval of the competent authority, financial bids could be invited after clearance of PPPAC has been conveyed.

11. EXEMPTION FROM T HE ABOVE PROCEDURE

Ministry of Defence, Department of Atomic Energy and Department of Space will not be covered under the purview

of these guidelines. PPPAC will either recommend the proposal for approval of the competent authority (with or
without modifications) or requetiie Administrative Ministry to make necessary changes for further consideration

of PPPAC Projects of all sectors costing 250 crore

KEY INPUTS
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CHAPTER 11
FUND REQUIREMENT
11.0 INTRODUCTION

Thegeneration capacity addition for the period 2@27and 202227 has been assessed in the Chapters 5. This chapter
estimates total fund requirement for this capacity addition. The requirement of funds assessed in this chapter does not
include the funds uired for captive power plants and for R&M of existing power plants. The requirement of funds for
transmission have been included in Voluthef the National Electricity Plan

11.1 FUND REQUIREMENT FOR THE PERIOD 20172022

A total capacity addition f058,384 MW from conventional sources has been envisaged for the period2@24,7
consisting of 47,855 MW of coal based power stations, 406 MW of gas based power stations, 6,823 MW of hydro power
stations and 3,300 MW of nuclear stations. Besides thésethas been a big thrust by the Government of India for
setting up renewable power generation capacity of 1,75,000 MW by the year 2022, out of which 1,17,756 MW is
expected to be set up during the period 22QZ2. The requirement of funds for generapoojects for the period 2017

2022 has been assessed, based on the above mentioned capacity addition. However, it may be mentioned that no
additional fund will be required for gas based generation capacity as the construction of these plants has aready bee
completed and could not be commissioned so far due t@awaitability of domestic gas.

To assess the fund requirement for various types of generation projects, thésgephasing of expenditure has been
considered in accordance with the normal sden@he cost per MW for the year 2018 has been estimated based on
present day cost and this has further been escalated thereafter @4% per annum. However, in view of the recent trend,
the capital cost per MW in case of solar, wind and biomass based paj&cts has been pegged at present day level
without any escalation in subsequent years. The details of assumptions of capital cost per MW-arsk y#asing

of expenditure of different categories of generation projects are givémnexure 11.1and Annexure 11.2
respectively.

Based on the above, the total fund requirement for the period ZIPZ is estimated to bes.11,55,652 Croresvhich
also includes the likely expenditure during the period for the projects coming up in the ye#02022able 11.1
below captures the yearise details of total estimated fund requirement.

Table 11.1
Total fund requirement for Generation projects during 20172022

( Crores)

201718 201819 201920 202021 202122 Total
For projects likely
to be
commissioned 2,19,509| 2,22,030{ 1,92,582| 1,71,208 47,475 8,52,804
during
201722

Advance action
for projects likely

tobe 2.304 18,757 35,303 67,198| 1,79,286 3,02,848
commissioned

during

202227

Total 221,813 2,40,787| 2,227,885 2,38,406| 2,26,761] 11,55,652

The modewise estimated fund requirement for the period 20022 {ncluding the likely expenditure during this period
for the projects coming up in the year 282227) is given ifTable 11.2

FUND REQUIREMENT
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Table 11.2
Fund requirement for Generation projects (Modewise) during 20172022

Year Thermal Hydro Nuclear Renewables Total

201718 76,781 15,622 9,479 1,19,931 2,21,813
201819 73,376 19,465 9,728 1,38,218 2,40,787
201920 52,915 23,461 8,088 1,43,422 2,27,885
202021 55,846 26,431 11,912 1,44,218 2,38,406
202122 63,991 29,546 16,127 1,17,096 2,26,761
TOTAL 3,22,908 1,14,524 55,334 6,62,885 11,55,652

Crores)

Out of the fundrequiremento f 8,52,804 Crores for the projects likely to be commissioned during-2R1if is
p rwoyldéde regsiiredor

estimated that
State sect

or

,42,566Croreswould be required fo€Ce nt r a |
projects
Renewable mjects will be implemented by private developers.

and

11.2 FUND REQUIREMENT FOR THE PERIOD 2022-27

sector
349

6,17,

Crores

for

The fund requirement for the period 2022 has beemstimatedbased ortotal capacity addition of 1,65,220 MW,
consisting of 46,420 MW of thermal projects, 12,000 Mitydroprojects 6,800 MW of nucleamprojectsand 1,00,000

MW of renewable energy projects.

The fund requirement for the period of 2622 has been assessed usiagie principles as that for 2022 viz. based
on year wise phasing of expenditure under normal scenario and estimated capital cost per MW. The latter has been
arrived at based on estimated capital cost per MW for the year1®Bdith annual escalation 420. Nuclear units of
1000 MW each based on Light Water Reactor (LWR) technology are expected durin@82202324 and 2 units
of 1000 MW on LWR in 202&7. For these nuclear units, the cost per MW have been consider2@ &sores for the
year 202223 with an annual escalation @4% thereafter. As for the period-2B1the capital cost per MW for solar,
wind and biomass based power projects in the period-2022as been maintained at present day level without any
escalation in the coming years. Thetalls of assumptions of capital cost per MW and-yeae phasing of expenditure
of different categories of generation projects are givenimexure 11.1and Annexure 11.2respectively.

Based on the above, the total fund requirement for the periddZZ7 has been estimatedtobe 9, 56, 21h 4
the absence of information about specific years of commissioning except nuclear projects, it is assumed that the capacity

addition is equally spread out over each of the five years. In case of nudeatsgy units of 1000 MW each based on

92,8
Privwv

Cror

LWR technology have been considered during 2022& 202324, 2 units of 700MW of PHWR have been considered
in the year 20245, one unit of 700 MW PHWR in the year 2626 and one unit of 700 MW PHWR & 2 units ofQID
MW LWR in 202627. This fund requirement does not include advance action for projects coming up during the period

20272032.

The modewise fund requirement for the period 262@27 (excluding the expenditure likely to incurred during this

period for he projects coming up in the year 262032) is given imable 11.3

(

Crores)

Table 11.3
Fund requirement for Generation projects (modewise) during 20222027
Year Thermal Hydro Nuclear Renewables Total
202223 77,663 31,932 19,390 1,15,917 2,44,902
202324 71,837 26,105 18,435 1,16,179 2,32,556
202425 65,778 18,267 17,173 1,16,320 2,17,538
202526 50,544 10,116 16,194 1,12,408 1,89,262
202627 25,767 3,416 8,514 34,259 71,956
TOTAL 2,91,589 89,837 79,706 4,95,082 9,56,214

FUND REQUIREMENT
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11.3 SOURCES OF FUNDS

In case ofCentral Sectomprojects, generally developers make equity contribution of 30%. In case of projects
developed in State Sector and Private sector, the equity contribution is generally 20%boardiztively.

Based on the estimation of fund requirement for the period-2@1and considering sectaiise equity contribution
mentioned in section 11.1, it is estimated that develo
Crores. Further, they wild!|l have to arrange for total d

Similarly, the equity and délbequirement (excluding fund requirement for advance action for projects during the period
20272032) for the period 2022 02 7 have b e e 62,JHGCt ioma ts9dhl04Lsores respectively.

The sources, available for debt funding are sckeduommercial banks, financial institutions like Power Finance
Corporation (PFC), Rural Electrification Corporation (REC), Life Insurance Corporation (LIC), Baludsestic as

well as oversees, foreign currency loan from World Bank, ADB, KfW, EXIM Barkalso from foreign equipment
manufacturers. It is also expected that funds including foreign funds from private players would also be invested through
Infrastructure Investment Trusts (InvIiT). The Subordinate Debt/grant from Government may alsodideatieaiome

projects to be developed by PSU/States.

In respect of nuclear power generation, Government budgetary support may be required for funding equity requirement
for future power projects:urther, to promote the Renewable energy, Govt. of Ingieoigding Viability Gap Funding

(VGF) from National Clean Energy and Environment Fund (NCEEF) and is also arranging low cost funds from
International Agencies like World Bank, ADB etc. Apart from this, IREDA is financing renewable energy projects under
various schemes.

FUND REQUIREMENT
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Annexure 11.1
ASSUMPTIONS FOR ESTIMATING CAPITAL COST OF POWER PROJECTS

1. Forthe period 20172022

SIN Proiect Capital cost per MW (
O roject type 201718 | 201819 201920 | 202021 | 202%22
1 Coal 65 6.76 7.03 731 7.60
2 Hydro 10 104 108 11.2 117
3 Solar 55 55 55 55 55
2 Wind 6 6 6 6 6
5 Biomass 5.7 5.7 5.7 5.7 5.7
6 SHP 65 6.76 7.03 731 7.60
7 Nuclear (PHWR) 10 104 108 11.2 117
2.  For the period 20222027

SI.No. Project type Capital cost per MW  (

202223 | 202324 202425 | 202526 | 202627

1 Coal 7.9 82 85 8.9 9.25
2 Hydro 122 127 132 137 142
3 Solar 55 55 55 55 55
2 Wind 6 6 6 6 6

5 Biomass 57 57 57 5.7 5.7
6 SHP 7.9 8.2 85 8.0 9.25
7 Nuclear (PHWR) 122 127 132 137 142
8 Nuclear (LWR) 20.0 20.8 21.6 225 234

FUND REQUIREMENT
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Annexure 11.2

ASSUMPTIONS FOR ESTIMATING CAPITAL COST OF POWER PROJECTS

PHASING OF EXPENDITURE OF GENERATION PROJECTS, FOR THE PERIODS 2017-22 AND 202227

Typeof |Yearl | Year2 | Year3 | Year4 | Year5 | Year6 | Year7 | Year8 | Year9 | Total
Project
Coal 10% 10% 20% 30% 30% - - - - 100%
Hydro 20% 25% 25% 20% 10% - - - - 100%
Solar 80% 20% - - - - - - - 100%
Wind 60% 40% - - - - - - - 100%
Biomass 30% 40% 30% - - - - - - 100%
SHP 30% 40% 30% - - - - - - 100%
Nuclear 3% 1% 4% 5% 10% 15% 21% 26% 15% | 100%

FUND REQUIREMENT
11.5
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CHAPTER 12
EMISSIONS FROM POWER SECTOR
12.0 INTRODUCTION

The phenomenal growth in demafiod energy is increasingly affecting the natural environment. Human activities now
occur on a scale that has started to interfere with complex natural systems. Anthropogenic activities such as energy
generation from fossil fuels, industrialization andade$tation have been increasing the atmospheric concentration of
Green House Gases (GHGs) above their natural levels resulting in Global climatic change. Excessive concentration of
Green House Gases like Carborodide (CQ) and Methane (CH and other harmful emissions in the atmosphere has
become one of the most critical global environment issues by which human life is gravely threatened.

In most of the developing countries, the major requirement of power is met through thermal potgelmqdénalso

depends largely on coal as a major source of energy for producing power and coal will continue to play a major role in
producing power in near future. As on 31.03.2017, coal based power generation capacity is around 58.08 % of the total
installed capacity but generates almost 76.08f%btal power generation in country.

Generation of power by use of fossil fuel like coal, oil and gas pollutes the atmosphere in many ways. Emission of
particulate matter and generation of fly ash from ceakl power stations are local health hazard. Gaseous emissions
from fossil fuel based power generation like £68Q,, NOx and Mercury etc. affect the local as well as global climate.

12.1 EMISSION FROM THERMAL POWER STATIONS

Fossil fuelfired powerplants burn fossil fuels like coal, lignite, natural gas, diesel etc. to generate steam/ hot air to run
turbines generating electricity. The generation of power from combustion of fossil fuels has an impact on Air, Water
and Land resulting in degradatiohlocal as well as global environment.

The major types of pollutants emitted from thermal power stations are as follows:

12.1.1 Air Pollution

The following major air pollutants are generated from combustion of fossil fuels by thermal power stations: ihNitroge
oxide(NQ) ii) Sulphur dioxide (SQ) iii) Green House Gases like G@) Suspended Particulate Matter (SPM) v)
Mercury Emissions. Traces of Carbon monoxide (CO) is also produced during the process of combustion. The brief
description of major pollutaatand their effects are detailed below:

12.1.1.1Nitrogen Oxide

Most of the NOx is emitted as NO which is oxidised to,N®©the atmosphere. All combustion processes at high
temperature are sources of NOx emission. Formation afiN&y be due to thermal NQvhich is the result of oxidation

of nitrogen in the air or due to fuel NQvhich is due to nitrogen present in the fuel. In general, higher the combustion
temperature the higher NOx is produced. Some of NOXx is oxidised $pad@ssential ingredient of agicecipitation

and fog. There were no existing norms for control ofNdbwever, new norms notified by Ministry of Environment,
Forest and Climate Change has stipulated norms for NOx control, which are discussed later in the chapter.

12.1.1.2Sulphur Oxide

The combustion of sulphur contained in the fossil fuels, especially coal and oil is the primary source AlBDt

97% to 99% of S@emitted from combustion sources is in the form of SulphuoXde which is a critical pollutant,

the remainder is mostly(%, which in the presence of atmospheric water is transformed into Sulphuric Acid at higher
concentrations, produce delirious effects on the respiratory system. The SOx emissions are controlled by providing tall

EMISSIONS FROM POWER SECTOR
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height stack for dispersion. Higher sizata of 500 MW and above were also required to keep space provisions for
future installation of Flue Gas drilphurisation (FGD) system when required. In specific cases, installation of FGD
system has been stipulated by MOE&F while granting environmdetaiance. The new norms notified by Ministry of
Environment, Forest and Climate Change has stipulated emission norms for SOx which are discussed later in the chapter.

12.1.1.3Green House Gases

A number of gases like GOMethane, nitrous oxide@®), Chlorofluorocarbons and water vapour are called Green
House Gases. Carbon dioxide is released primarily through the burning of fossil fuels. It is generated by combustion of
coal and hydrocarbons. Methane is released through the decomposition of orgtani¢meashes, cattle raising, rice

flakes etc.) and the use of fossil fuels.

12.1.1.4Particulate Matter

The terms particulate matter, particulates, particles are used interchangeably and all refer to finely divided solids
dispersed in the air through chimneystack of power stations. Norms have been stipulated by Ministry of Environment,
Forest and Climate Change for control of Suspended Particulate Matter and are more stringent for new power plants.

12.1.1.5Carbon Monoxide

It is a colorless, odorless flammable dogic gas. It has ability to react with hemoglobin in the blood and reduce the
oxygen absorbing capacity of the blood. It is generated by incomplete combustion of coal and hydrocarbons. The most
significant source of CO is automobiles.

12.1.1.6Mercury Emissions

Emissions of mercury from thermal power stations are a subject of increasing concern because of its toxicity, volatility,
persistence, long range transport in the atmosphere. Once released into the environment, mercury contaminates soil, air,
surface angjround water. The mercury emitted from cfiegéd power plants originates from the mercury present in the

coal. Typically, mercury is present in the coal in the tens of jpatbillion range. Burning of enormous quantity of

coal for power generation mesk it the largest anthropogenic source of mercury emissions

12.1.2 Water Pollution

Water pollution refers to contamination of natural water, whereby its further use is impaired. The contamination could
be caused by the introduction of organidrmrganic substances in the water or due to change in the temperature of the
water.

In thermal power stations the source of water is river, lake, pond or sea from where water is usually taken. There is
possibility of water being contaminated from #wurce itself. Further contamination or pollution could be added by

the pollutants of thermal power plant waste as inorganic or organic compounds.

The types of water pollution & its sources are givemable 12.1

EMISSIONS FROM POWER SECTOR
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Table 12.1
Types of Water Pollution & its Sources

Type Sources

() Thermalpollution - | Discharges from condenser

(i) | Carryover of ash to water bodies - | Ash pond overflow, ash handling area drain

(i) | Acid or alkaline effluents - | DM water treatment plant, chemical stora
area & lab

(iv) | Leaching and water percolation - | Ash dumps, ashonds

(v) | Heavy metals - | Air heater wash, wash water from boiler fi
side clearing

(vi) | Toxic substances, high total dissolved sol - | Boiler blowdown
(TDS) , Phosphates high alkalin

ammonia
(vii) | sludge and oil - | Drains from fuel oil area, tube oil are
transformer oil off
(viii) | Cyanide and other chemicals - | Radio graphic lab
(ix) | Bacteriological pollution - | Sanitary & domestic waste

The effects of water pollutants are manifold and depend on the type and concentration. Some of these are given below
in Table 12.2
Table 12.2
Effects of Water Pollution

Pollutants Effects
a | Soluble organic as represented by B(Q Deplete oxygen in surface water, Fish Killin
Biological OxygerDemand) the growth of undesirable aquatic life and odo

Certain organics can be bimagnified in the
aquatic food chain

b Suspended solid Decrease  water clarity and hind
photosynthesis, form sludgedeposits which
changes ecgystem results.

¢ | Chloride Salty taste in water

d | Acidic, alkaline and toxic substances Cause fish killing also can cause imbalance
stream ecesystem

e Disinfectants Gl H.O» Killing of micro-organisms

f lonic formsFe, Ca, Mg, Mn, Cl and SO Changed water characteristics, stain

hardness, salinity

All discharge from thermal power stations to water bodies is made after treatment as per the environmental standards
prescribed by MOE&F. Further, ash ponds are Higimsity Polyethylene (HDPE) lined to prevent leaching etc. Also
zero discharge system with no discharge to water body are envisaged at many stations.

12.1.3 Fly Ash Generation
Indian coal is of low grade with ash content of the order of-30%b6 in compgdson to imported coals which have low

ash content of the order of 16%5%. Large quantity of ash is thus being generated at coal/lignite based Thermal Power
Stations in the country, which not only requires large area of precious land for its dispésal$mubne of the sources
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of pollution of both air and water. To reduce the requirement of land for disposal of fly ash in ash ponds and to address
the problem of pollution caused by fly ash, Ministry of Environment, Forests and Climate Change hagaissusd
Notifications on fly ash utilization, first Notification was issued on 14th September, 1999 which was subsequently
amended in 2003, 2009 and 2016 vide Notifications dated 27th August, 2003, 3rd November, 2009 and 25th January,
2016 respectively.The Notification of 3rd November, 2009 prescribes targets of Fly Ash utilization in a phased manner
for all Coal/Lignite based Thermal Power Stations in the country so as to achieve 100% utilization of fly ash.

The | atest MoEF&CCDOS swaly, @16 stipulatast mamdatoryouse obfly ash baded products in all
Government schemes or programmes e.g. Pradhan Mantri Gramin Sadak Yojana, Mahatma Gandhi National Rural
Employment Guarantee Act, 2005, Swachh Bharat Abhiyan, etc.

12.1.4 Land Degradaton

The thermal power stations are generally located on thefamest land and do not involve much Resettlement and
Rehabilitation problems. However, it's effects due to stack emission etc., on flora and fauna, wild life sanctuaries and
human life etc. ave to be studied for any adverse effects. One of the serious effects of thermal power stations is land
requirement for ash disposal and hazardous el ementsd p

12.2 STEPS TAKEN BY THERMAL POWER STATIONS TO REDUCE EMISSIONS FROM POWER
PLANTS

Following steps are presently being taken by power utilities to reduce the pollution from thermal power stations:

i SPM Emissions:- High Efficiency Electrostatics Precipitators (ESP) are installed in thepstation
to arrest fly ash and reduce suspended particulate matter within the prescribed emissions norms. A
SPM norm stipulated by MOEF& CC are generally adhered to by coal based power stations. However,
depending upon the local condition, Pollution GohBoard or other implementing agencies within
the provision of Environment Protection Act has stiputed more stringent norms.

i NOx Control.:- Low NOx burners are being used in the power station for NOx control through
primary combustion control. The exigy NOx emissions from coal based power station without
having any secondary NOx control system is in the range 61600mg/Nm3.

i SOx controli Indian coal used in the thermal power station generally has low sulphur content about
0.3% to 0.5% and SOx cant is being achieved through dispersion from tall stacks provided as per
the Regulations prescribed. In coal based units of 500MW and above and also at stations with capacity
of 1500 to 2000MW, space provisions are required to be kept for installatidfluef Gas
Desulfurization (FGD), if required, in future. In sensitive areas, the installation of FGD plants may
be insisted upon by MOEF&CC even for station with smaller capacity. Flue gas desulphurization
systems have been installed in few stations;reder prescribed by the MOEF&CC.

1 Liquid Effluent Discharge: - Effluent Treatment Plant is being installed to control parameters like
pH, Free available Chlorine Suspended solids, Oil & Grease, Copper, Iron, Zinc, TDS & Total
Suspended Solids. Many poveations have achieved zero liquid discharge. Most of the power plants
are adhering to the norms stiputed.

1 Fly Ash Utilization: - The steps have been taken by Thermal Power Stations to ensure 100%
utilization of ash generated by them. The Fly ash collectede dry form is being used for brick
making, coal mines backfilling, road construction and cement manufacturing. Data of 151 coal based
thermal stations, with an Installed capacity of 145044.80 MW, consuming coal of 536.64 Million
tonnes and generatirigly Ash of 176.74 Million tonnes were analysed in 2A8by CEA. The
analysis shows that country has achieved Fly Ash Utilization of 107.77 Million tonnes with percentage
utilization of 60.97 % (However, the actual utilization of fly ash may vary fratiost to station).

Fly ash utilisation in various sectors are showBxhibit 12.1.
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Exhibit 12.1
(All figures in %)
FLY ASH UTILISATION
CEMENT
24.54%
UNUTILIZED ELY MINE FILLING
ASH 5.85%
39.03% ,r———— R
\ BRICK AND
OTHERS TILES
4.60%
RECLAVERIMON
HYDRO POWER . OF LOW LYING
SECTOR AREA
0.02% ASH DYKE 7.09%
CONCRETEAGRICULTURE Rélg&e
0.44% 1.25% ROADS & ®
FLYOVERS
2.83%

1 Mercury emissions:
India has signed Minimata convention on legally binding instrument to protect human health &
environment from adverse effects of Mercury in September 2014. Article 8 of the Minimata
convention pertains to reducing mercury emissions to the atmospherehthmaagures to control
mercury emissions from coal based power stations. The studies carried out by CIMFR, Dhanbad on
mercury content in Indian coal has estimated mercury emission factor of coal as 0.14 g/tonne or
14ppm. Control systems provided for NOxda&®Ox (SCR and FGD) along with ESP also offer the
co-benefit of mercury emissions control.

12.3 NEW EMISSION STANDARDS FOR THERMAL POWER PLANTS
MOEF&CC has notified new Environment norms for Thermal power station including Emission and Effluent discharg

on 7" December,2015. ThEable 12.3 and 12.4how the new environmental norms for thermal power stations which
are to be complied at different time schedule.
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Table 12.3
New Environmental Norms for Thermal Power Stations*
Emission TPPs (units) TPPs (units) installed TPPs (units) to be
parameter installed before after 31st December installed from 1st
31st December, 2003 and up to 31st January 2017

2003 December 2016

Particulate Matter 100 mg/Nm3 50 mg/Nm3 30 mg/Nm3

Sulphur Dioxide. 600 mg/Nm3 for 600 mg/Nm3 for units 100 mg/Nm3
(S02) units less thar less than  500MW
500MW capacity capacity

200 mg/Nm3 for 200 mg/Nm3 for units
units 500MW and 500MW and above
above capacity capacity

Oxides of Nitrogen 600 mg/Nm3 300 mg/Nm3 100 mg/Nm3
(NOx)

*To be complied within 2 years by existing stations and w®Jahuary,2017 for plants under construction.
Table 12.4
MoEF &CC WATER NORMS FOR THERMAL POWER PLANTS

MoEF &CC WATER NORMS FOR THERMAL POWER PLANTS ‘

All plants with Once ThrougCooling (OTC) shall install Cooling Tower (C1
and achieve specific water consumption of 3.5 m3/MWh within 2 yeal
notification.

2 All existing CT based plants shall reduce specific water consumptien
maximum of 3.5 m3/MWh within a period ofy2ars of notification.

3, New plants to be installed after 1st January 2017 shall have to meet specific
consumption of 2.5 m3/MWh and achieve zero water discharge.

12.4 IMPLICATIONS OF NEW EMISSION STANDARDS ON POWER SECTOR

The new norms stipulated by MOEF & CC cannot be met until new technologies like Flue Gas Desulfurization (FGDs)
for SOx reduction and Selective Catalyst Reduction (SCRs) for NOx reductions are introduced.

EMISSIONS FROM POWER SECTOR
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The following technologies are available to red8€&x emissions from coal based power stations:
1) Wet/Lime Stone Flue Gas Desulfurization
2) Spray Dry Scrubber
3) Sea Water Scrubbing

The following technologies are available to reduce NOx emissions from coal based power stations:
1) Combustion control
2) Selective Ctalyst Reduction (SCR)
3) Selective Non Catalyst Reduction (SNCR)

To meet the new norms for SOx and N@duction, coal based power stations will face lot of challenges. Some of the
issues and challenges are discussed below.

For implementing SOx reductioogal based power stations have to install flue gas desulfurization plants. It is estimated
that around 16,789 MW of the coal based capacity will be affected due {avadability of space for installing FGD

plant. A land of 7 acres is required to insEGD plant for a plant of 2x500 MW. Also where space is available, FGD
installation may require-2 years for installation and involve a shutdown of at leéstrionths. In addition to this, for

an installed capacity of around 2 lakh MW, a large amofifimestone will be needed for operating FGD plants. The
by-product of FGD plants is Gypsum. So the disposal of such large quantity of Gypsum will be an added problem.
Installing of FGD plant shall increase the Auxiliary Power Consumption (APC) by atliésis 1.5 % affecting the

overall Efficiency of the power plant.

For implementing NOx control, coal based power stations have to install Selective Catalytic Reduction (SCR) as
combustion control system may reduce the NOx emissions to arourtD608ig/NM3only. However, in view of the

new norms of 300 mg/NRjinstallation of SCR becomes must. The main challenge with SCR is that they have not been
proven for high ash Indian Coal. Also space constraint/layout constraints is also expected to be a majge thalle
installation of SCR. Also for operating SCR, large amount of Ammonia will be required involving challenges in
transportation and storage of Ammonia due its toxic nature.

Apart from all the issues and challenges, availability of vendors to su@ilydhd SCR in such a large quantity will

be the main constraint.

12.5 CARBON EMISSIONS FROM POWER SECTOR

The world over consumption of fossil fuel is the primary contributing factor in the-bpitaf atmospheric concentration

of GHGs like carbon dioxideesulting in Global warming. As per UN Human Development Report 2015, the per capita
carbon dioxide emission in India is among the lowest and is estimated to be around 1.7 metric tonnes as compared to
the world average of 4.6 tonnes per capita and 1vrfetper capita for USA ble 12.5.

Table 12.5
Per capita emission of CQ of different countries
Country Per capita CQO: emission in the 2011
(tonnes of CQ)
India 1.7
USA 17.0
Australia 16.5
U.K 7.1
Japan 9.3
China 6.7
World 4.5

Source: UNDRHuman Development report 2015
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About half of total carbon dioxide from India is estimated to be generated from power sector. The other major
contributors of C@emission in our country are transport and industrial sector. CEA is annually estimating the amount
of CO; emissions from grid connected power stations. The total amount p&@i3sion from grid connected power
stations in the year 2018 has been estirml at 846.3 million tonnes. Year wise carboroxide emissions from

Indian power sector during the last 5 years are givaiable 12.6

Table 12.6
Total Absolute Carbon Di-oxide Emissions of the power sector
(201011 to 201415) in Mtonnes CQ

201011 201%12 201213 201314 201415 201516
India 598.35 637.8 696.5 727.4 805.4 846.3
Source: CEA C@baseline database for the Indian power sector version 11.0 March 2016)

In the year 20186, the weighted average g@mission rate from grid connected power stations (excluding captive
power stations and stations on islands and from Renewables) is 0.82 kgCQR/Blfting the year 20186, the
weighted average has increased marginally due to the increase in percémagidased generation and decrease in
hydro and gas based generation. Year wise weightage average emission factors are ExioWit 2.2.

Exhibit 12.2
Weighted Average Emission factor in tCQ/MWh(net)

o 0.79 078 0.83 0.82 0.82 0.82
0.7
0.6
0.4
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0.2
0.1
0

®2010-11 ®=2011-12 =m2012-13 =2013-14 m2014-15 = 2015-16

tCO2/MWh
o
ol

Source: CO2 baseline database for poseetor

The CQ emission from gas based power stations is almost half of that is generated by coal based power stations. The
weighted average G@missions for various fossil fuels used in Indian power stations are shdwabla12.7

Table 12.7
Weighted average specific emissions for fossil fudired stations in FY 201516, in tCO/MWHh net
Coal Diesel Gas* Lignite
0.99 0.57 0.46 1.36

* Only gasfired stations that do not use any other fuel. Stations that use naphtha, diesel or oil as a second fuel
are excluded from the weighted average.
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The weighted average emission rate of coal and lignite based generation is 0.99 Iy/:Qand1.36 kg CQ/ KWhnet
respectively during the year 2015. However, the average emission rate from coal based stations has been on declining
trend due to the fact that more number of efficient supercritical technology based units are getting commisbioned an

also due to introduction of Perform Achieve and Trade (PAT) scheme which aims at improving the efficiency of power
plants.

TheExhibit 12.3 shows the declining trend of average £&ission rate from coal based power stations.
Exhibit 12.3

AVERAGE EMISSION RATE FROM COAL BASED POWER STATIONS IN
KGCO2/KWH NET

L0
\@ |
\@\@

200910 201011 201112 201213 201314 201415 201516

12.6 IMPACT ON CO: EMISSIONS DUE TO CAPACITY ADDITION FROM SUPERCRITICAL
TECHNOLOGY BASED COAL POWER STATIONS.

With the rapidly expanding thermal generation capacity, installation of large size supercritical units is being encouraged
to enhance efficiency @ower generation, reduce coal consumption and GHG emissions. Supercritical technology based
units have about 2% more efficiency than sub critical technology based power plants. The country is going ahead with
installing Supercritical technology based uritsrecent time. As on 3%1March, 2017, 60 No. of units based on
Supercritical technology have already been commissioned.

An Analysis has been carried out to estimate reduction of quantum of amourt@h®Sions by installing supercritical

units in tke country by 3% March,2017. It shows that about 20.69 Million tonnes of €Missions have been avoided

due to commissioning of Supercritical technology based units assuming that business as usual scenario would have been
commissioning of sub critical ¢bnology based units.

Details of the analysis is given Trable 12.8.

EMISSIONS FROM POWER SECTOR
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Table 12.8

Impact of Supercritical technology based units on C@emissions

Total Generation capacity added from Supercritical unit
on 31.3.2017

Total actual grossgeneration from Supercritical unil
during 201617 in Million Units

c Business as usual :500 MW subcritical: estimated ( 0.853
emission (Kg C@kwh Gross) [based on designed heat r¢ '
Super Critical Units: Estimated GOemissions (Kg

COy/kwh Gross) [based on designed heat rate]

41,310 MW

559,314.6 MU

0.816

(0.037*/1000) X
E CO, emission reduction {(€D)/1000 x B in Million Tonnes 559,314.6= 20.6¢
Million Tonnes

12.7 IMPACT ON CO2 EMISSIONS DUE TO HUGE CAPACITY ADDITION FROM RENEWABLE
ENERGY SOURCES.

Government of India has announced a huge capacity addition from renewable energy sources by the-g8ar 2021
Target installed capacity of renewable energy sources is set at 1,75\W00yNhe end of the year 2022 which
includes 1,00,000 MW capacity from solar and 60,000 MW from wind, 15,000 MW from small hydro and biomass
based power generation.

Based on the projections of capacity addition by 2B2lgiven by Ministry of New and Rewable Energy, it is
estimated that a generation of about 327 BU will be available from renewable energy sources. Assuming the present
weighted average emission rate of 0.82 kg®&®/h of Indian Grid, it is estimated that about 268 Million tonnes of CO

will be avoided annually by the end of 2022 from renewable energy sources. However, the net reduction of CO
emissions will be less as emissions from thermal power stations will increase due to frequent cycling and ramping of
the plants than during stdy state operation.

12.8 PROJECTIONS OF CARBON EMISSIONS IN 202122 AND 202627

On the basis of generation from each fuel source including renewables, carbon footprint i.e. projected carbon emissions
and the emission factors considering base year of-261tave been worked out.
Emissions factors (gCO2/MJ) as given for Indian Coal/Lignite in the Initial National Communication and for Imported

Coal Gas/Oil/Diesel/Naphtha as given by Inter Government Panel on Climate Change (IPCC 2006) have been
consideredor estimating Carbon emissions from various fuels. The methodology as given in CO2 Baseline Database
for the Indian Power Sector User Guide published annually by CEA has been followed in arriving the carbon emissions.
Also, it is assumed that 75% of theat generation will come from subcritical units and remaining from supercritical
units in the year 20222. Further in the year 202%, it is assumed that 60% of the coal generation will come from
subcritical units and remaining from supercritical units.

The total CQ emissions projected will increase from 846 Million tonnes in 208%0 1026 Million tonnes in the year
202122 and 1173 Million tonnes in 202 and are shown ixhibit 12.4.
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Exhibit 12.4
TOTAL PROJECTED CO2 EMISSIONS IN MILLION TONNES
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The average emission factor kg&kivh from the total generation including renewable energy sources in base case
scenario has been estimated and are sho&Rhibit 12.5.

Exhibit 12.5

AVERAGE CO2 EMISSION RATE IN BASE CASE SCENERIO
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It may be seen that the average emission factor is expected to reduce to 0.60/kKghG@theyear 202122 and to
0.524 kg CQkWh by the end of 20287.

12.9 INITIATIVE OF GOVERNMENT OF INDIA TO REDUCE CARBON EMISSIONS

Mitigation of CQ, emission is an important agenda on international level. Improving efficiency of thermal power
stations is oe of the effective methods to reduce CO2 emissions which is being achieved by various schemes introduced
by Government of India like Perform Achieve and Trade Scheme under National Mission on Energy Efficiency and
adopting super critical/ultrauper criti@l technology for coal based generation. Also efficiency improvement measures

EMISSIONS FROM POWER SECTOR
12.11



SR

Central Electricity Authority

National Electricity Plan

through Renovation and Modernization (R&M) of old and inefficient units is undertaken and units in which R&M is not

possible are being considered for retirement. Thrust is lggheg for increasing the share of nfmssil fuel (renewable,

hydro etc.) based generation in the energy to reduce the C£emissions from power sector.

12.10

COUNTRY®S STAND ONINOCSI MATE CHANGE

Under the Copenhagen Accord, India had pledgeddace its C@intensity (emissions per GDP) by 20 to 25 percent
by 2020 compared to 2005 levels. Also in October,2015, India had submitted its Intended Nationally Determined
Contribution (INDC) to UNFCCC.The key elements are:

9 To reduce the emissions émtsity of its GDP by 33% to 35 % by 2030 from 2005 level.

9 To achieve about 40 percent cumulative electric power installed capacity frofogsilnfuel based energy
resources by 2030, with the help of transfer of technology and low cost internationakfinaluding from

Green Climate Fund (GCF).

1 To create an additional carbon sink of 2.5 to 3 billion tonnes ofd&Zivalent through additional forest and
tree cover by 2030.

The studies show that the proposed trajectory of capacity addition program2@ %22 and 20227 is in line with
submissions

I ndi abds

12.10.1 Installed Capacity

under

| NDCs. An

anal ysi s

has

been

As on 3®March,2017, share of nefossil fuel based capacity (Hydro + Nuclear + RES) in the total installed capacity
of the country is around 33 %. It is expected that the share efossit based capacity will increase to 49.3% by the
end of 202122 and will futher increase to 57.4 % by the end of 2@26 Details of expected installed capacity and %
share is shown ifiable 12.9

Installed capacity and share of norfossil fuel

Table 12.9

Year Installed Installed Installed %o0f Non-fossil
Capacity (MW) Capacity of Capacity of Non | fuel in Installed
Fossil fuel (MW) | Fossil** fuel Capacity
(MW)
March,2016 3,26,833 2,18,330 1,08,503 33.20%
March,2022 4,79,419 2,43,038 2,36,381 49.31%
March,2027 6,19,066 2,63,885 3,565,181 57.37%

** Non Fossil Fueli Hydro, Nuclearand Renewable Energy Sources

Note: 1.Including 47,855 MW of Coal based capacity addition currently under construction and likely to yield

benefits in 201722 and an additional 46,420 MW coal based capacity addition required durin@2@22 coal
based apacity considered for retirement being 22,716 MW during ZPL@nd 25,572 MW during 20227.
2. The actual % may change to the extent of thermal capacity materialising and actual retirement taking place during

201722 and 202227.
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12.10.2 Emission Intaesity from power sector

The total CQ emissions from grid connected power stations in the country in the year 2005 was estimated as 462
million tonnes. The C@emissions from power sector is estimated to increase to 1026 million tonnes by the end of
202122 and to 1173 million tonnes by the end of year 2P26

Table 12.10shows the emission intensity (kg €0

GDP) in the year 20222 and 20287 from Grid connected power stations. It carsben that emission intensity is

GDP)

n the

year

2005

a n/d

likely to reduce by 40.51 % by the end of 2€22and 53.65 % by the end of 262 from the year 2005 level.

Table 12.10
CO2 emissions Intensity from Power Sector
Years
2005 2022 2027
Emi ssion inten 0.015548 0.009249 0.007207
% Reduction in emission 40.51 53.65

intensity base 2005

12.11 CONCLUSIONS

expec

1 Government of India has taken various measures to reduce environmental emissions from thermal power stations.
This includes improving efficiency gower generation, notification of stricter environment norms and retiring old

and inefficient plants, Perform Achieve and Trade scheme etc.

1 The average Cfemission rate from coal based stations in the country has been on declining trend indicating
improvement in efficiency of power generation from coal based power plants.
1 About 20.69 Million tonnes of COemissions have been saved due to commissioning of Supercritical technology

based units.

1 Itis estimated that about 268 Million tonnes of 8@l be avoded annually by the end of 2022 due to renewable

energy sources.

1 During 201516, the country has achieved Fly Ash Utilization of 107.77 Million tonnes with percentage utilization

of 60.97%.
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CHAPTER 13

R&D ACTIVITIES IN POWER SECTOR
13.0INTRODUCTION
Research and Development in power sector of India is managed under Ministry of Power through three schemes namely
In-house Research and Development (IHRD) of CPRI, Research Scheme on Power (RSoP) and R&D under National
Perspective Plan (NPP). R&D is alsmdertaken by various ministries like MNRE, Department of Science &
Technol ogy, R&D | aboratories of CSIR |, Academia (I1Ts
NTPC, NHPC, SJVNL, POWERGRID. Private sector companies, global R&D centersogpuiesue it significantly.
Many technological aspects, which are proposed for adoption in the country, are new from the perspective of Indian
Power Sector. This includes the large capacities of superconducting generators, High Temperature Superconducting
(HTS) power apparatus, Ultra/Extra high voltage transmission lines and its connected equipment, Gas Insulated
Substation (GIS) as well as smart metering in distribution systems.

R&D activities and infrastructure developed by CPSUs, CPRI and MNRE dufhplan were reviewed and projects
which are important but could not be taken up undé&rd2n are proposed for consideration during the year 2217
The following new developments have taken place in the last decade:

1 Adoption of Supercriticatechnologies for thermaeneration with large units of 660 MW and 800 MW
capacity.

1 Technology for Ultra High Voltage transmission of 800 kV DC, 1200 kV AC have been adopted. Some of the
transmission lines of 1200 kV AC are in the process of being conomézsi

1 There has been a greater emphasis on renewable sources of energy and Government of India has set a target of
175 GW generation capacity by 2022 consist of 100 GW from solar 60 GW from wind and 15 GW from small
hydro and other renewable sources ofrgneTlhese developments have given rise to new challenges and issues
in the power sector. Some of these include:

o Integration of renewable energy generating sources with the Grid.

Impact of renewable energy generation on the existing and new coal fedtgenstations.

Transmission corridor for evacuation of power generated from renewable sources

Microgrid and electricity solutions for remote isolated areas.

Adoption of micro grids and smart grids particularly in relation to efficiency of operation hasvel

to deal with the consumer related issues is very crucial for further development of Indian Power Sector.

The adoption of large capacity generating units and high voltage transmission lines necessitated the

adoption of state®f-the-art technology of lgh capacity transformers as well as grid safety, security

and energy conservation.

0
0
0
0

13.1 R&D CHALLENGES DURING 2017-22 AND BEYOND

It is a known fact that technology can help in enhancing supply of energy at affordable price and deliver it efficiently,
sushinably and reliably. The supply should be reliable with high degree of availability. However, the real challenge lies
in creation of a conducive environment for R&D to flourish. The country so far has been in the fore front of technology
deployment but nan development. Hence, a proactive policy approach for technology induction must be in place.

The inhouse R&D arms of major CPSUs like NTPC, NHPC and POWERGRID aim at introduction and absorption of
new technology by applied research primarily thropghject routes. Major manufacturers like BHEL, ABB, GE etc.,

have their own R&D set up, focusing on product development. Central Power Research Institute (CPRI) is provided
with capital funds from the Ministry of Power for-lrouse research as wellasfandt o coor di nat e and
research schemes. Central Electricity Authority (CEA) has to promote research in matters affecting the generation,
transmission, distribution and trading of electricity. The policy of the Government is to promote R&Digvdjéh

would help the nation to become sedfiant in technology.

Funds are also earmarked under different schemes including the Deendayal Upadhyay Gram Jyothi Yojana (DDUGJY)
for enabling investigations and technology development.

Research and Develogmt in power sector and consequent changes have resulted in the development of a sound
generation base, a reliable grid and a modern distribution system. Continued and sustained efforts are required through

R & D ACTIVITIES IN POWER SRC
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involvement of various science and technologytalkories like that of CPRI, CSIR, DRDO, BARC and cooperation
from Government bodies like DST, DSIR and MNRE, for promoting technology in India.

In the present scenario, it is proposed to categorize R&D initiatives into five different conventional séztors,
Generation, Transmission, Distribution, Environment and Renewables including Microgrid.

R&D is a continuous activity. Integration of several technologies with teebnnomic, statutory compliance and
environmental considerations to be achieved avlmg term scenario also plays role in deployment of a particular
technology. Utilities work in competitive and regulated environment and adoption of technology depends on that also.

13.2 R&D INITIATIVES OF GENERATION SECTOR

The major challenge to the energy and power sector is to reduce and ultimately eliminate generation shortfall, to provide
a reliable and costffective power supply to the customers, and to achieve it in a sustainable manner with minimum
impact on the envdbnment.

Generation sector is in the midst of a paradigm $hifbe which has never been seen before in India. Moreover, the
renewabl e energy plants have been classified as Omust
operate apart load for sustained period. We have also moved progressively from coal shortage era to imported coal
regime and now to coal surplus period. All these indicate that we are at the cusp of a new age where India will have to
devise technologies and stgies to extract maximum benefit from renewable as well as conventional plants in a
sustainable manner.

Though solar, wind and other sources of renewable energy have recently received much publicity; still the role of
conventional generation continues ®dritical. Solar and wind power are distributed sources which cannot be built at
very high capacity levels or be centrally controlled. Moreover, they are dependent on weather conditions like wind levels
and solar insolation, and so they may be unavaifleertain periods at a stretch and during this period, dependence
would be exclusively on conventional power generating sources. Hence, huge opportunities to improve the generation
system, including the aspects like better plant design, increasingmdficimprovement in fuel quality and waste heat
recovery system exist. The following are different technologies with proposed prototypes and pilot plant demonstration
for implementation:

13.2.1 Thermal Generation
Some of the important areas of R&D in @imal generation are identified for collaborative R&D.

13.2.1.1 Ultra Super Critical (USC) and Advanced USC Plants

Ultra supefcritical plants operate at higher temperature and pressure (approximately 600°C and 32 MPa) resulting in
higher efficiency. These plantsquire low coal usage per kWh of electricity generated and have leen@€3ions. A

few such plants have been built in Europe and Japan. The efficiency of these plants goes up to 44%. However, the
extreme operating parameters impose stringent requitsroarmaterials.

Considering that coal shall remain as the mainstay of India's power industry and the inevitability of global pressure,
India should seriously focus to reduce emissions due to its own as well as global climate concerns. Development of
Advanced Ultra Supercritical (AdWSC) Technology for power plants has been taken as one afuh8ub-Missons

aspartof the National Misgon under the guidance of the Principal Scientific Adviserto the Govemment of India. Under

this initiative, it is proposedto develop and establish 800 MW Adv-USC Power Plant on a Misson Mode, asa

coll aborative project involving Indira Gandhi Centre for Atomic Resea(tBCAR), NTPC, BHEL and CPRI. Material
degradation issiesand condtion assessent programmesareal soto be invegigated.

Research to increase the steam parameter to 700°C from the level of 600°C and to increase the efficiency levels beyond
40% needs to be explored. The research in this area for the development of suitable materials to hterdfgehigbre

is already being coordinated by Government of India with the participation from BHEL, Nuclear Power Corporation
Limited (NPCIL) and few experts in the country.

13.2.1.2 IGCC Technology

R & D ACTIVITIES IN POWER SRC
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Integrated Gasification Combined Cycle (IGCC) integrates a codilegaa gas clean up system and gas turbine in a
combined cycle mode where coal is gasified with either oxygen or air. The resulting synthesized gas (or syngas)
consisting of primarily hydrogen and carbon monoxide is cooled, cleaned and fired in duyes Ture technology has

shown capability of power generation at higher efficiency and lower emission levels with respect to pulverized coal
combustion technologies as demonstrated in the USA, Netherland and Spain.

The other important agpect of IGCC where techndogical advances are continuowsly made is the g/ngas cleaning
egecialy at higher temperaure. This ramovesthe efficiency penalty of coadling the syngasto ~90°C and again heding
it to the requiredtemperaure for the gasturbine. Thesedemonstration plants shoud have sufficient dip streamfacilities
wherethe upcoming warm gascleaning technd ogiescanbe teged at actual operding condtion.

Furthemmore, IGCC techndogy opens up new product area along with eectricity generaion like liguid fuel
generaion, hydrogen production, pre-combustion CO, capture and integration of fuel cell which may provide future
options of zeroemisgon coal techndogieswith higher efficiency. There is a need to continue funding of such research
with active participation of NTPC, BHEL and the leading State generation utilities.

13.2.1.3 Waste Heat Recovery Systems for enhancing the power plant efficiency.

The thermal power plants operating on Rankine power cycle normally achieve power generation efficiency in the range
of 351 40% depending on various site conditions, turbine inlet steam conditions and design of equipment etc. Balance
of the heat input isssentially lost as condenser losses (abouib@%) and boiler exhaust gas losses (abdiue6

besides other nominal losses viz. radiation lossebpumt carbon losses etc. In a 500 MW unit, about 25 MW of thermal

heat would be available if the flue gasriperature is dropped, say, from 140°C to 110°C. The major challenge in low
temperature heat recovery system is the requirement of large heat transfer area and thus additional pressure drops, which
increases the cost of the system. Use of waste heat rgayatem, though desired for obvious cost benefits, is equally
important for environmental protection since lower quantity of fossil fuels shall be burnt for same quantum of useful
energy.

Efforts are being made in developing technologies where wastecaede gainfully recovered and applied to: (i)
Produce refrigeration / agonditioning using Vapor Absorption/Adsorption Machines based @®Brl.iAmmonia
absorption system. (ii) Plant cycle efficiency improvement using condensateegiieg and fuel biheating (iii)
Produce electric power independent of the main plant Tuibi@enerator (TG) set using Aq#emmonia Cycle or
Organic Rankine Cycle. (iv) Flue Gas Desalination of sea wat&le)Gas Cooling Tower Blow down recovery.

13.2.1.4 Bulk ash utilization

Coalbased thermal power plants have been a major source of power generation in India where about 61% of the total
power obtained is from codllased thermal power plants (on installed capacity basis). Fly Ash iptyct material

being generated byehmal power plants from combustion of Pulverized coal. High ash content is found to be in range

of 30% to 50% in Indian coal. So far several uses of fly ash have been developed viz. substitute of cement in concrete,
land filling, mine filling, agricultureetc. Practically fly ash consists of all the elements present in soil except organic
carbon and nitrogen. Thus, it has a great potential material with manifold advantages in agriculture. Research needs to
be carried out in developing technologies for butkizations of fly ash in other areas such as construction of roads,
bricks etc.

13.2.1.5 Advanced surface engineering technologies for higher life expectancy of Thermal plant components

The surface engineering technologies are becoming essential in crititeh@pps of power plants involving erosion
as well as corrosion. Thus the immediate technological requirements to be addressed in respect of damage tolerance
capacity of materials are:

0] High temperature wear and erosion resistance of thermal comp@Bamter, liner, and shield).
(i) Silt erosion resistance of hydro parts.
(iii) Cavitation problem in hydro turbines.

The other important investigations needed include the following:
R & D ACTIVITIES IN POWER SRC
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Design & Development of Last Stage Steam Turbine Blades ard bdarcing of flue gas flow inside bailer for
Improved Performance

Identifying the impact of cyclic loading on power plant components due to increased renewable penetration in the
grid

Formulation of the methodologies for better plant performance under low load conditions

Prepaation of coal directory and develop software tools for helping operator for maximizing generation at lower
ECRs with optimum blending of Imported and Indian coals

Study of coal characterization and combustion characteristics using Drop Tube Reactors.

Boiler combustion Computational Fluid Dynamics (CFD) CFD modelling of sub and Supercritical boilers
Development of Nano particles for application in high thermal coefficient lubricants, additives in water to reduce
evaporation losses.

Automatic VoltageRegulator (AVR) Power system Stabliser (PSS) Tuning of Generators through Modelling and
Simulation Studies

Application of Synchro phasors for Monitoring and enhancing power system stability

Advanced Nondestructive TestingNDT)/ Non-destructive Examinain (NDE) based whgnastics and inspection

tools for condtion assessnent of plart comporents such a#n-situ inspection of low pressure (LP) Turbine Blades

by Ultrasonic Phased Array method

Desgn & development of Low Pressire Steam Turbine laststage blades through Computer Aided DesignGAD)
modelling and CFD basedandysis for detemination of efficiency

Modelling of utility boiler (250500 MW) with smulated imbaance condtions and asseswent on plant
performance and control measires for achieving uniform flow condtions

Developmenbf proto-type new turbine blades

Performance eval uation of new blades.

Establishment of better coal storage facility

Egallishment of Advarcedfacilitiesfor coa combustion / blended coal combustion evaluaion studies

Application of tedhnologies for on-line measurements of coal flow, fineness, heating value, and balarcing for
combustion optimization in utility boilers

Development of Hot Gas Clean-up Systems for Integrated Gasification Combined Gycle (IGCC).

Optimization of boiler and turbine geam cycles and baarnce of plant for improved energy efficiency

Following are the areas of scientific support required by the Generating Stations:

= =4 =4 -4 -8 -4

=a =4 =9

Quantitative and Qualitative analysis of deposit, solvent selection and post operational chemical cleaning
recommendations for boilers.

Robotic Inspection of Low Temperature Super Heater (LTSH) tubes without lifting tube panels.

Alloy analysis for idenfication of material mixup in boiler, turbine auxiliary, GT etc.

Condition assessment of super heaterhaater tubes of ageing boilers through accelerated creep testing.
Metallurgical Failure analysis of pressure parts components etc.

Wear Debris anakisi lubricating oils of rotating components.

Deposits of boiler, condenser, Effluents, Ash, cooling waters, Coal, etc. using equipment like Atomic Absorption
Spectroscopy (AAS X-Ray Diffraction (XRD), lon Chromatograph (IC), Total Organic CarppaC), Energy
Dispersive XRayAnalysis (EDAX) analyzer, etc.

Monitoring of ion exchange resins & activated carbon for capacity and kinetics from stations

Diagnosis of vibration problems of rotating machines

NDE of boilers, steam turbine, Gas turbines and g#oecomponents, Health assessment and life enhancement
using advanced Nedestructive analysis tools such as Dye penetration (DP), Ultrasonic tests, eddy current testing,
video imaging, phased array testingme of Flight Diffraction (TOFD) etc.

Condtion Monitoring and life assessment of high voltage transformers through dissolved gas analysis (DGA),
polarization and depolarization current (PD@ecovery voltage measurement (RVM) and Furfural content &
degree of polymerization.

Specialized analyti¢aupport for characterizing the turbine deposits, corrosion products, heavy metals in effluents,
etc.

Switchyard condition assessment by early detection of incipient faults through Corona & Thermal scanning.

R & D ACTIVITIES IN POWER SRC
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13.2.2R&D in Hydro Generation Sector

The folowing are the R&D areas identified:
1) Vortex rope mitigation
2) Renovation, Modernization and upgradation (RMU)
3) Si |t erosi on: i Ha High VElaciaytOxygen FuelHdh umtishviaker parts is employed to

mitigate erosion in underwater parts due to high si
in this regards need to made.

4) Transienboperation
5) Turbine assembly

Following key points are identified which can be addressed by further R&D:

il
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13.3

Effective technique for draft tube vortex rope breakdown, structural dynamic when vortex rope strikes to draft
tube wall and causes damage due totation.

The causes of pressure recovery loss near the best efficiency point in draft tube.

Dynamic pressure distribution and comparison between conventional and splitter blade runner.
Correlation between pressure, stress, and strain to estimate thel&@@tyunner blade.

Fluid-structure interaction of guide vanes, vibration, and magnitude of forces on guide vane spindle of Francis
turbine.

Fluctuations in vane less space during turbine runner acceleration or deceleration and optimization of
movement ofjuide vanes during turbine stanp after emergency shutdown of the Francis turbine.

Transient dynamic behaviour and runner blade loading duridgatbrun/ runway, load rejection, and start
up as well as shutdown of the Francis turbine. A strategteugtaand shutdown technique of the Francis turbine
may be developed.

Integrated @eration of cascade hydro power plants

Optimization sudiesfor exploitation of hydro potential

Studieson benefits of pumped sbrage schemesin the Indian context for hybridization with the Renewable
Schemes

Use ofGlobal Positioning Systems and Geographic Information SysteS/GIS) in hydro potential studies
and other areas.

Numerical Flow Simulation using Computational Fluid Dynamics (CFD)

Techndogy for Split Runnerg Site Fabrication of Runrers

Development of facilitiesfor large size/weight casting and forging facilities

Development of Shaft Seal for Silty Water

Modernization of generators tancrease efficiency

Variabe speed dive for pumpedstorage schemes

Monitoring Systemfor on-li ne measurement of Turbine Efficiency andSilt

Monitoring cavitation causing Erosion

Development of Poly Tetra Huoro Ethylene (PTFE) material

Measuresto tackle corrosion/erosion problemsin acidic water

Construction Methoddogy for Arch Dams

Reinforced Cement Concrete (RLQams - construction techniquesand construction meterial

Measuresto increase service life for silt flushing gates

Excavdion of large size cavern with sthlization techndogy and oft rock tunneling

Measuresto tackle bad geology in dam foundation and cut-off wall

Power generation techndogy assessnent ard devel opment

Performance optimization of hydro plant components through Computationd Fluid Dynamics approach.
Design and development of model test facilities should be conducted for all unit sizes above 25 MW.

R&D IN TRANSMISSION

13.3.1 Adoption of Advanced technologies

R & D ACTIVITIES IN POWER SRC
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Transmisgon towersand condictors play major role in power transfer. To meetthe growing demand for powerin urban
and indwstrial areasrequires transfer of huge quantum ofpower. Due to the constraints in getting environmental
clearances, ad acquiring Right of Way (RoW), introduction of compact transmisson linesis anatemative choice. The
compact transmisson lines have the advantage of reduced RoW and reluced tower dimensions. The compact lines
invariably require polymeror long rod insulators for effecting reduced dimensions of tower. Reconductoringof existing
lines with High temperaure Low sag HTLS) conductor is a viable option to increasethe power transfer capacity.
Desgn agects of compact towersand feashility study of different typesof HTLS conductors are to be explored for
implementation.

Compact trarsmnisson line suppat using FRPis gaining importance and adopting compact transmisson linesin Indian

power network hasbecome esseatia due to increasan load growth and difficulty in building new lines due to RoW

issues. The main feaures of compact lines are reduced RoW and tower dimensions. The compact li neshave reduced

clearancesand require polymer or long rod insulators for effecting tower dimensions. The agects needto be addressed
are:dedgn, development and teding of 220 kv and 400 K/ towers and implementation in a utility as a pilot

project.

Keeping in view the bulk power transfer requirement developmegfithigh temperature electrical conductors for
trarsmisgon linesis essatid. The major challenges are to overcome the transmisson losses,increasethe power
transmission on the existing lines and the development of more efficient power condictors for new lines. The
development of efficient power transmission system seems to have the major stakein the future of transmission system
and will become the nationd priority. One of the major requirements of condictors is to have high ampacity and low
sagproperties. In this direction, high temperaure conductors which canwithstand temperaures wellabove 250 °Care
requiredto meetthe growing demand to transfer power.

Recent devel opments have demonstrated that 201 @nd GAIS9 @rethe two major aloy condictors in use.However,
further enhancement is posgble by desgning new alloys and econamically viable processng techniques. The present
alloy conductors useall oying e ements such asZirconium(Zr) to redrict the recrystalli zation temperaturesof the dloy
condctors sothat the conductor canwithstand high temperaures. The strength and conductivity of conductors needto
have a bestcompromise so asto get the maximizing benefit during power transmission. Reseath in developing high
temperature All Aluminium Alloy Conductors(AAAC) for transmission and distrittion line applications is needed
specialy for developing new materias for this purpose. The high temperaure condwctor shouldhave an alowable
temperaure of 300°Cin emergency condtion and 250-260 °Cin cortinuous operation

Design ard development of seismic resistant sulstation is necessaryto maintain rdiability and safay of electrical
equipment after an eathquake. Thisdepends on the sdasmic regorse of individual substation comporents such as
transformer, bushings,switchgear etc. The use of sesmic qualification of electric equipment is one of the most cost
effective methods for reducing the damage and disruptions from eathquake. Thus, equipment and suppating structures
for power generaing stations and substations located in seismicansitiveregions/ zoneshaveto be desgnedand
standardizedto withgand possble eathquakes.

13.3.2 UHV DC +f 800 kV

Considering the implementation of next High Voltage Direct Current (HWC) transmisson at +/- 800 kV, indigenous
manufacturef equipment is required. The reseath focus will coverthe foll owing agects: (1) DC electric field, corona
studies on equipment and electrodes; @) Effect of pollution on insulator surface; sdection of insulator profile,
configuration to withstand DC stressunder normal and pal uted condtions (3) Performance of bushings under DC
eectric stress. (4) Effects of DC stresson transformer insulation, ageing studies, diagnostic tods (5) Overhead
transmisson Lines(6) Bushings and transformers.

Some of the other potential areas of research are as follows:

Voltage Sourcé&onverter (\EC) based HVDC transnisson has become an attractive option for buk power transfer
betweenmededgrids. The advantagesof VSC basedHVDC transmisdgon is: high controll ability of active and reective
power atthe converters terminal and the ability to improve the systemstability. The project envisages design,
developmentand deployment of 50 MW VSC basedback-to-back HVDC system, asa pil ot project study.

R & D ACTIVITIES IN POWER SRC
13.6



SR
Central Electricity Authority National Electricity Plan

High Speed Grounding Switches (HSGS) for HVDC systems are required to conrect the gation neutral to the station
grourd in casethe ground dectrode path becomes isolated. The development of indigenous HSGSwill be carried out
as a pil ot project study for install ation at HVDC substation.

The concept of trarsformer less HVDC trarsmnisson is under active reseath at various institutions. A pil ot project
study is propcsedto evaluate various agects.

To adopt the VSC basedHVDC transmission technd ogy, High Speed Goundng Switchesfor HVDC gystems and to
absorb the concept of transformerlessHVDC transmisdon systemin power sector, pil ot project sudy isrequiredto be
undertakento gain the experience for wider acceptabili ty andimplementation.

13.3.3 Design and development of equipment for 1200 kV UHV AC System

Power se&tor growth necesstates development of indigenous techndogy for absorption in to the network at higher
voltage levels, mainly to strengthen the system and power evacuation. The key equipment proposedfor indigenous
development are 1200kV sub-station, circuit breakers, Burt reactors and controll edshurt reactors for dynamic reative
power compensation. Devel opment of High Energy ZnO blocks for lightning arresor isrequiredfor disgpation of high
energy. Development of operaing mechanismfor 1200kV disconrector is essatid in the light of UHV transmisson
systemtechndogy.

13.3.4 HVDC and FACTS

Efforts are needed for better utilization of the facilities that have been installed in recent years. System studies will be
useful to evaluate the celsenefit tradeoffs for further use of these devices.

Thekeytechndogiesthatarebeing consideredfor development of cortrols, forEHV and UHV AC and DC transmisson
systems are,compact towers that significantly reduce RoW requirements, gplication of High Temperaure
Supercondicting techndogy in developing transformers, cables, fault current limiters, motors etc., Gaslnsulated
Substations that require abou 80% less areghan conventional substations, substation automation and remote operéion
systems.

The technical developmentsin communi cation technd ogy and measirement synchronization for reli able voltage Phasor
meagsirements have made the dedgn of system wide protection solution possble. The introduwction of Phasor
Measirement Units (PMU) hasgrealy improved the obsewability of power system dynamics. Basedn PMUGs input,
different kinds of Wide AreaProtection, emergency control and optimization systems canbe desgned.

Additionally, SmartGrids to supportutilities in makingoptimal usageof the transmissiongrid capacity and to
prevent the spreading of disturbancesare also being considered. By providing on-line information on stability and
safdy margins for dynamic condtion monitoring, Smart Grids would sewe asaneaty waming systemin caseof
potential power systemdisturbances.

13.3.5 Development of controllers for FACTS devices

Application of Flexible Alternating Current Transmission System (FACTH®Yicesin Indian power g/stem is
proposed, extensively suppated through system studies. Reseath in the direction of developing indigenous
development of FACTS devices and its controls areessatiad and the objective is to desgn & develop cortrols for
FACTS devicessuch as: Static Compensaor, HVDC, multi-termina HVDC, switchable shurt reectors, seresand shunt
HVDC taps, Unified Power Flow Controller (UPFC), InterlisfgowerFlow-Controller (IPFC) & Static Synchronous
Compensator (STATCOMnd deploymentin network. The controll er performance isto be studiedin realtime.

There is a need to develop controller for controlled switching of circuit breakers, which is usedto closeor open
the contacts of circuit breakerby time dependent control of trip coils, to eliminate undedrable transients. Substantial
reseachinthisdirectionisrequired.

R & D ACTIVITIES IN POWER SRC
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13.3.6Automation

A pilot project may be taken up considering the advantages of process bus technology over the conventional station bus
technology. Process bus technology has the advantage of reduced copper wiring, integration of any number of Intelligent
Electonic DeviceqIEDs) at bay level etc. Integration of optical current transformers (CTs) in place of conventional
current transformer is also to be considered.

13.3.7 Innovative visualization with sustainable seliwareness feature

The pergective of the red time data set at different levels is required for different agects. It is reguired to have
customized and intended data setto be visualizedfor particular user Energy management systems (ENd@retor. The
objective of innovative visudi zation with sustainable self-awaraessfeaure isto seve real time data for different level
of userswith the specified authorization and basedon their usabili ty which leads visuai zation to sdf-awareess. The
systemwill depict the reguired realtime data efficiently with the expert system/intel ligent system.

13.3.8 Next Generation Data Analytics in Energy Domain

DataAnalyticsfor powersystem analysis could be efficiently implementedon Cloud I nfragtructure. Project shall include
the desgn and devel opment of anappli cation framework with Software Sub Moduesfor energy trading, billi ng, pricing
and tods for load forecaging in the form of Software as a Sewice (SaaS).Data Anaytics assstin analyzing
specific consumer benefits, support efficient delivery and invegment in the dectric system, facili tate customer
choice etc., on which exhaustive and heuristic analyss canbe dore.

Using Data Analytics, it is becoming possble to run Smulations or models to predict the future outcome, rather thanto
simply provide backward looking data abou pastinteractions, and to do thesepredictions in red-time to suppat each
individual businessaction. Whil e this may require sgnificant changesto existing operaional and Businessintelligence
(BI) infragructure, the potential exsts to unlock sgnificant improvementsn businesgesultsandother successates
Next-generaion Andytics can suppat Bl search tools that can find reports and generae Structured Query Language
(SQL) queries, visual discovery tools to slice/dice data intuitisttlye speedof thought.

Data analytics and tools can also be used for monitoring and improving the performance of utilities and generating stations.
Someof the important topics for study should include the following:

Application & Festures:

1) Advancedforecaging techniquesfor sustainable operdions
1 Novel Forecading Techniques
I Advancedmodellingtoals
2) Architectures& toolsfor operaions
1 Sdf- Heding Grids
1 Control Methoddogiesfor Sustainable sdf-awaresewices
3) Simulatorsand training for operaion of smartgrids
4) Transmisdon systemrealtime security assessient
91 Innovative solutions to demands of realtime security analysis
5) Prognostic Hedth Management in the Smart Grid.

Other major areas of focus are mentioned below:

Redl-time Power System Simulator

Use of Space Technology in power system

Forecasting Grid Congestion in Power System network
Transmission Towers with reduced Right of Way

System Security and Operator Training

Calculationof Total Transfer Capacityvailable Transfer Capability

E R
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Expansion Planning

Transmission cost estimation

Phasor Measurement Units (PMUS)

Nitrogen Injection Fire Prevention & Extinguishing System (NIFP&®I fire prevention system
Gas Insulated Trarsmisson Lines (GITL)

EHV Cables and submarine cables for bulk power transmission

High Temperature Superconductor (HTS) cable system

Superconducting Fault Current Limiter (SFCL)

Superconducting Magnetienergy Storage System (SMES)

Compositeinsulators

Synthetic and Natural esters for Transformer Oil

Development of Cold-Rolled GrainOriented(CRGO) Silicon Steelfor Transformer core
High Quality Presshoad Insulation for transformers

Resin Impregnaed Paper (RIP) bushing

Sk fill ed large capaity power transformer techndogy

=4 =4 =48 -4-8_-0_0_0_0_4_4_°9-4.-49:-°

13.4 R&DINDISTRIBUTION

Distribution system has direct impact on the consumers. It is also an area in which there are significant challenges. A
large share of system loss@scurs in distribution circuits and a significant amount of power system investment goes in
the purchase and installation of distribution hardware. Recently, the development of smart grid concepts and the use of
solar power have changed the way in whidtrdiution networks function.

The distribution sector requires most significant priority since the efficiency, financial viability and losses effect the
viability of the total power sector as a whol&rious privatization models including franchising, RuPrivate Model,

and others would need to be studied and comprehensive recommendations may be made State wise. The issues regarding
refinancing of the debt to save on the interest burden on the utilities, bringing down the cost of procurement of power
from outside the State need consideration. Hence R&D in distribution system needs impetus.

Distribution systermeedscarefulattentionin theareasuchasreductionin losses,metering, distribution automation,
planning, harmonic pall ution, custom power devices,Demand Side Management (DSM) etc. High Voltage Distribution
System (HVDS)is an effective method for reduction of technical lossesand improved voltage profile. Application of
IT has great potential in reducing technical and commercial losses. Integrated resource planning and demand side
management aso neeads special atention and implementation. Substantial efforts arerequiredfor capacity building, so
that the present day distribution system would be transformed into a modern day distribution system. Smart grid
represeats a vison for a digital upgrade of power distribution system to both optimize presenbperdion as vell as to
open up new avenues for alternativeenergyproduction Improvement in reliability of distribution network can be
achieved with deployment of Supervisory Control and Data Acquisitiistribution Management System
(SCADA/DMS) for remote monitoring and control of various network elements, obviating needfor manned sibstations.
Didtribution Management System (DMS) extends the monitoring and control functionality of SCADA to
digtribution transformers. Remote Teminal Units (RTUs) and Fault Passge Indicators (FPIs) are installed at
substations.

Design Automation: Expertise is available for manual design of distribution networks. But it is ailatenisive activity
and often results in nestandard and subptimal designs. There is a strong need to standardize and promote design
automation techniques which woulgduce costs and improve performance.

Feeder Load Characteristics Individual feeder loads differ widely in their behavior. A methodology needs to be
evolved for studying feeders in order to characterize them. The technique should be relatively simldeaatftf t
accuracy against efforts involved, since any distribution entity has a large number of feeders, and needs to accurately
predict their contributions to the total load curve for the next day, so as to contract for energy supplies from generation
conpanies.
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Appropriate tariff models: Along with the usual charges based on monthly energy charges, it is possible to factor in
charges based on tintd-day (TOD) and the ratio of peak time energy to average energy consumption. This can have
the effect of redcing the overhead of the power sector infrastructure. But detailed studies are needed to evaluate the
effectiveness of the scheme under typical Indian conditions, and to come up with the most effective tariff structures.

Load Shedding: Currently load sheting is generally carried out at the feeder level, with an entire feeder being
disconnected as a single entity. With the facilities offered by smart grid, it is possible to be more selective, and enable
the system operator to shed ressential loads, whal maintaining service to critical loads. With this flexibility, the
system can be run more effectively, while critical loads having assured supply, less dependency on stand by genets.
Detailed studies on this aspect will be useful.

Security and Protection In conventional distribution schemes, loads are protected mainly throughwvent relays

and fuses. A smart grid has the facility to provide more sophisticated protection. In addition, the ability to operate the
feeder through remote control opensthp possibility of load control in response to unftegquency and voltage
collapse conditions.

13.4.1 R&D in Solar Organic Polymer based Light Emitting Devices

High power Silicon based Light Emitting Diodes (LEDs) are gradually making langsds as@mmon light sources.

However, huge capital investment needed to manufacture LED and huge breakeven point is a serious deterrent in this
competitive world. It is important to note that incandescent, fluorescent and Compact Fluorescent Light (CFL) sources
have been popular for decades at lower wattages and metal halide and sodium vapour lamps at higher wattages for large
area lighting.

However, there is scope for development of organic polymer based electroluminescent light sources, which could
compete with kgh power silicon based light emitting devices. The concept has been used and commercialized in some
ways by leading manufacturers for backlit lighting of mobile phones.

13.4.2 Distribution Automation

The reseath work shoud be aimedat developing indigenous know-how of full scale Distribution Automation system,
which can cover from primary substations to consumer level intelligent automation. The future reseach initiativesfor
power distribution automation are:

Customer Level Intelligent Automation System

Computer Aided Monitoring and Control of Distribution Transformers
Substation and Feeler Level Automation

Data communication systemfor Distribution Automation
Development and Standardization of Distribution Automation software

=A =4 =4 -4 -4

13.5 R&D IN RENEWABLE ENERGY

Hydrocarbon reurce limits are bourd to force the world awayfrom fosdl fuels in coming decades.In addition, the
environmental and hedth burdens aising out of the use of hydrocarbors may force mankind towards clean energy
systems. Therebre, there is a needfor eectric powerindugry to look atother technol ogiesof power generaion through
solar, wind, biomass,small hydrofuel cell s, geothermal, tidal etc.

Techndogiesrelated to wind, biomass,solar, small hydro, @ahemal, fuel cels, Wage to Energy (WtE) needto
be identified. Reseach focusis on grid connectivity of large wind mills, self-healing wind generation cnrected
micro-grids, distributed generation and large useof ethanad and hydrogerior energy products. Development of micro
andmini grids and larger penetration of renewable energy is animportant area ofreseach

The R&D activities in the field of New and Renewable energy includes the following:
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1) Development of micro grids and suitable control mechanism.

2) Energy storage: eectrical and thermd storage with enhanced charge-discharge efficiencies ad new
techndogy routes.

3) Indigenous development of floating Solar Ph¥ftaic (SPV) stations.

4) Development and demonstration of lead redox flow battery system for solar energy ataraggieval

5) PV degradation studies and identification of best suited technology for maximum solar PV generation
6) Indigenous development of wet and dry robotic cleaning system for PV modules.

7) Development of super hydro phobic coatings for PV modules.

8) Utilization of Unmanned Aerial Vehicles (UAVs e.g. DRONE) &nght Detection and Rangin@|IDAR)
for PV Plant inspection

9) Utilization of concentrated solar thermal energy for Cooking systems, desalination and cooling systems

10) Development of solar thermal @fiossil hybrid power plants. Development of the hybrid technology as
combination of conventional and any of the renewable sources (solar/wind/biomass etc)

11) Development of Centralized Solar PV Forecasting Solution

12) Development of new technologies like Quantdots, multi junction cells and third generation technology
like solar panelsvhich utilizes ultraviolet (UV) and infrareespectrum which ultimately increases the
efficiencies of cells

13) Distinct Focus on both small wind and large wind systems as thediegies and their deployment are
vastly different

14) Low wind speed turbine development (India has very few locations with high wind speeds)
15) Development of low cost material for small wind turbine blades and tower

R&D in renewable energy includes diffeteéachnologies which are listed below:

1) Integration of renewable energy with the power grid

2) Cost of storage in case of solar energy and wind power

3) Bringing down the cost of solar PV cells and wind power generation
4) O&M issues of renewable energy generation

5) Tackling with the End of Life of Solar PV modules

The main areaof R & D inrenewable generatiorare:

1 Primary converter: developments for enhancement of efficiency, cost reduction and newtechndogy routes.

91 Electrical energy distribution and grid connectivity conventional grid-renewable grid ties, micro grids, domedgic
grid tied systems, etc.

1 Enduseequipment for efficient interface to reneweble power.

1 Research to bring down the cost of solar PV cells as well as the storage batteries applideifduted generation
system especially in rural areas.

1 Develop design principles of deciding on to the capacity of battery systems.

1 Recommendations regarding most appropriate technology for hybridization of solar and wind power for meeting

out the denand uniformly for all the 24 hours in accordance with demand profile.
1 Design and Development of Solar PV based Suféicient Agricultural Pumps and Hybrid Multidimensional
Inverters
Grid safety and security considerations.
Development of suitable andfieient energy converter from source to load that may involve prime movers,
generators, and power electronic controllers.
1 Effect on the conventional thermal power generator and any design modifications required to cope up with the
variable nature of soland wind power and take lessons from other developed countries like Germany/Japan.

= =

These studies would make recommendations for the following:
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1 Extent of backing down on the conventional coal fired thermal generators and total number of such operations
during the life time of plant.

Any changes required on the generator in electrical insulation to cope up with such operations.

Any changes required of the materials of construction of turbine rotor blades, generator rotor, insulation, etc., for
future appliations with greater induction of solar and wind power.

=A =

13.6 R&D IN MICROGRIDS

A Microgrid is a local energy grid with controlled capability which means it can disconnect from the main grid and
operate autonomously. The grid connects homes; business andhuttigrg to central power resources which allow

the use of appliances, heating/cooling systems and electronics devices. But this interconnectedness means that when
part of the grid needs to be repaired everyone is affected. A Microgrid generally opérigtesonwnected to the grid,

but importantly it can break off and operate on its own using local energy generation in time of crisis like storms or
power outages or for other reasons. Microgrid can be powered by distributed generators, batteries anié renewab
resources like solar panels. Depending on how it is fueled and how its requirements are managed, a Microgrid might run
indefinitely. Microgrid connected to the grid at a Point of Common Coupling (PCC) that maintains voltage at the same
level as the maigrid unless there is some sort of problem on the grid or other reasons to disconnect. A Microgrid not
only provides backup for the grid in case of emergencies but can also be used to cut energy costs or connected to local
resources that is too small orrahiable for traditional grid use. The microgrid allows communities to be more energy
independent and environmental friendly.

Microgrids can be described by one of four categories:

1 Off grid Microgrids including islands, remote sites and other microgritkeys not connected to local utility
network.

1 Campus MicrogridsThat are fully interconnected with a local utility grid but can also maintain some level of
service in isolation from the grid.

1 Community Microgridsintegrated into utility network.

1 Nanogrids Comprise of smallest discrete network units with the capability to operate independently.

13.6.1 Impedance Emulator

Switched impedances are needed to correct power factor in-gfict@ystems. In the case of switched systems many
inductors or capacitorge connected. A solidtate equivalent of a motor generator (MG) set to test battery powered
inverters is developed. These inverters (Equipment Under E&SE) are to be loaded with variable inductor, capacitor,

or even resistors. However, to reduce rigistive losses and yet maintain high power factor and low Total Harmonic
Distortion (THD) on the EUT, a novel system need to be developed, which is similar to an electronic Motor Generator
set. This can also be deployed as a Pulse Width Modulated FeWIR) factor correction system in micro grids.

It is well known that renewable energy resources are distributed throughout the country. Wind power is available in
southern and western parts, whereas solar power is available in north western, centrathanad parts of India.
Similarly, small hydel potential is identified in the Himalayan and N&aistern parts of the country. Apart from these
renewable energy resources, biomass potential is also identified in few Indian metro cities.

To meet the poweraiand of the country, in particular the-electrified rural Indian population from the sustainable
energy resources in a reliable manner, the hybrid combination of conventional acdnwentional resources in off

grid and grid connected mode are pot@rpiower solution in Indian context. Tapping power from these resources and
integration with the national grid is a very challenging issue. It involves delicate operation and control, interfacing,
storage, generation/load forecasting and regulatory isSuen.though in India, we have few simple migrid (having

only one or two resources) in operation, their application is mainly focused only on power production and lacks research
and development activities. Therefore, there is immediate requiremerdnienwable energy based micro grid as a
reliable solution for electrification of power isolated area.Govt. of India has an extensive plan to generate more green
power from sustainable renewable energy resources. Therefore, a modern state of art meseayal infrastructure

is highly required in India for carrying out extensive research in this area.
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13.7 R&D IN COMMUNICATION SYSTEM

Though the telecommunication sector initially started with transmitting voice over wired lines the telecom companies
have diversified into multimedia, wireless communication etc. in a big way. Electrical utilities have started finding
benefits from advances in communication technology. People did try to develop Power Line Carrier Communication
(PLCC) separately riding pely on power lines itself. But it failed due to impedance offered by power network. Power
Grid is already planning to deploy fiber optic cable network along the entire transmission system across the country. It
must be noted that electrical network is @fi¢the most widely dispersed networks along the length and breadth of the
country.

Alternatively, it is suggested that the electrical utilities (transmission and distribution together) run fiber optic cables
along HT lines down to the ultimate consumerede cables could be laid alongside HT cables and even on 11 kV

lines and down to 3 phase LT lines along the same cable, in the same trench, on the same pole and maintained by the
utility. The utility uses it for its own data communication and could l@asecable operators for a fixed extra monthly

income. The Telecom Regulatory Authority of India (TRAI) regulates bandwidth for wireless radio frequency and not

for fiber optic lines. Utility can plan for laying underground pipes to carry both powerimalso draw about 10 fiber

optic lines in all new trenches. TV, computer network terminations should have fiber optic modem or set top box
interface modulesf not available, it should be developed indigenously. This will make the city/ town frednémging

wires, reduce road digging by multiple entities and bring in discipline among utilities.

Microwave towers are considered to pose health risks also by some. Also many companies are working on Light Based
Field Interface (LIFI) as alternative to W. LEDs can also be used to carry signal information superimposed on its
powering current. Fluctuations in lumen output will not be noticeable. This is not possible with incandescent bulb or
metal halide or sodium vapour lamps as bandwidth is low.

13.8 R&D IN ENVIRONMENT

The need for electricity generation to be clean and safe has never been more obvious. Environmental and health
consequences of electricity generation are important issues, alongside the affordability of the power which is produced.
Prodiction of electricity from any form of primary energy has some environmental effect. The power sector in India is

one of the largest emitters of @ O'he share of the power sector £issions in the total G@missions in India is

hi gher than the gl obal average. The main reason for su

There are various technologies and processes that have substantial potential to reduce Green House @GasqiGIHG) e
Clean coal technologies and renewable energy usage have been adopted by India as methods of best approach to tackle
climate change issues.

Along with all these methods, further steps can be implemented for reduction efr@3ions. These aresearch and
development; information and education (for awareness); economic measures; regulatory measures; and voluntary
agreements. Each step offers advantages and drawbacks and has different effecisrentuc@ion. Low carbon
generation options, nu@e and renewable technologies, are needed to substantially reduce emissions. Due to the high
ash content of Indian coal, ofyeling and post combustion G@apture would be suitable options for India. Pre
combustion capture in a coal fired IGCC plant vabrdquire the adaptation of the technology to the Indian coal quality.
Retrofitting coal power plants with G@apture technologies could be an option to achieve clean coal technology.

Developments of following technology ready methods are being tried:

1) Useof CO; for reduction in pH of ash water

2) CO; capture by Modified Amine Solution

3) Development of Pressure Swing Adsorption (PSA) process ferc@giure and conversion of G@to
useful products

PSA is a technology used for separation of some gas spemiesfmixture of gases under pressure according to the
species' molecular characteristics and affinity for an adsorbent material. Special adsorptive materials (e.g. Zeolite)
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are used as a molecular sieve, preferentially adsorbing the target gas speglepratsisure. The process then swings
to low pressure to desorb the adsorbent material.

Clean environment mechanism at themal power gations, creding data base for ashquality, advanced ash
management schemes, sustaining coal basedpower generation considering new and emerging environmental isaues,
effects of electromagnetic (EM) waves on human beings with specific referaice to up-gradation of transmisson
voltages, €o-dedgn and energy efficient power transformers, development of wage water tregament & recycling
techndogies, enission control techndogiesfor NOx, SOx and mercury aresome of the areasvhereR&D activitiesare
requiredfor improvement of environment and for sustainable devel opment.

13.9INFRASTRUCTURE FOR TESTING AND CERTIFIC ATION

I n order to support the ambitious schenrueps lonfdi @odv eertncme,r
need for maintaining quality and reliability of products manufactured in India, therené®d for infrastructure
development and setting up of regional testing laboratories to help small scale and medium entrepreneurs for producing
quality power products in India. CPRI is well equipped for testing and certification of electrical productvendr@mnt

of India has been supporting the infrastructure development for testing. However, there are certain test requirements for
which facilities are not presently available either at CPRI or in private laboratories in India. Based on the discussion
with manufacturers and Power utilities, the following have been identified as new areas for which testing facilities are

to be established in a phased manner during the years22017

A) Testing of Power Equipment/Apparatus/Systems
Testing of Capacitor VoltageTransformer
1 Pressure test for the enclosure (cl.7.2.9 of IEC 6488011)
Type tests for carrier frequency accessories (cl.7.2.505 of IEC e3:26%1)
Type tests for carrier frequency accessories (cl.7.3.502 of IEC e3:26%1)
Mechanical test (cf.4.5 of IEC 6186%:2011 std)} To be augmented
Enclosure tightness test at low and high temperatures (cl.7.4.7 of IEC-618H94) Gas dew point (cl.7.4.8
of IEC 618695:2011 std)

f
f
f
f

There is also a need to upgrade the following facilities in thefivexyears.

1 Upgradation of temperature rise test facility on Voltage Transformers

1 Augmentation of electrical endurance and overload test facilities up to 2000A, 660V for LV
Switchgear and mechanical endurance test facility for LT & HT Switchgear aE@e3tandards.

1 Multiple current injection set for temperature rise test for LT Switchboards as per IEGB&439

1 Impulse analyzing system for 800 kV, 20kJ impulse generator

1 Mobile test facility for conducting routine test and special tedtamsformers up to 5 MVA, 33/11
kV rating

1 DC test facility for MCCBs, MCBs, switches and contactors

1 Transient recorder for short circuit test

1 Test facility for low current interruption test on load break switches, disconnector, HT/LT cont:

etc.

1 Test facility for capacitor switching test for back to back capacitor bank breaking current and i
breaking and making current as per IEC 62200

1 High voltage station testing transformers 245 kV, single ph&sios.

1 Make switch 17.5 kV, 265 kApk

1 Automatic power factor controller on 33 kV side at 33 kV substation

B) Evaluation of Insulators
1 Ageing test on polymeric insulator

1 Solid layer test facility for up to 400 kV insulators
1 Flashover test on 220 kV & 400 kV insulators
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C) Testing of composite insulator Steep front impulse test
D) PMU Testing and Certification

Extensive research work in the field of PMU technology is required for the Nation. The important areas of research
are State Estimation, development of algorithm for optimal placement of Phasor Measurement Unit (PMU),
calibration of PMU under steady statmd dynamic conditions, voltage stability monitoring, phase angle
monitoring, frequency monitoring, inter area oscillation monitoring, fault location, development of controller,
development of wide area protection schemes, Remedial Action Schemes (Rf&®)/Bytegrated Protection
Schemes (SIPS).

There is a need to gear up for performance tests as per IEEE C37.118.1, 2011, IEEE C37.118.1a, 2014, IEEE

C37.242, 2013.

E) Substation Automation
In the area of substation automation, the following facilities require consideration.
1 Conformance test facility for process bus devices|B@61850 for switches used in the substations.
T Communication protocol conformance test facilities for DistriblEegrgy Resources (DER) system,
Substation to Substation and Substation to Control Centre systems and devices.
I Test facility for cyber security conformance and assessment.

This includeptical CTs and PTs, Sample devices (Merging units) and softward basformance test tools
as per IEC 61850 requirements for merging units, switches, substations and control centres.

F) Electric Power Cables

1 Establishment of Power cables laboratory for test facilities up to 765 kV.

1 Up gradation of reactor module to 9@

1 Setting up of Partial discharge laboratory for testing equipment rated up to 765 kV with accessories like
coupling capacitor, divider, etc.

1 Development of suitable insulation materials for DC cables

9 Setting up of test facilities like super impositiosttand polar reversal test.

G) Setting up of Superconducting Electrical apparatus laboratory for testing of transformers, motors, fault limiters etc.

H) Creation of facilities for testing and evaluation of Cryogenic systems for high temperature supercohaseting
power apparatus like, Superconducting Magnetic Energy Storage (SMES) devices, motors, transformers etc.

I) Evaluation of Conductors

1 Creep test (elevated temperature)

1 Sag Tension Performance.

1 Temperature Cycle test

1 StressStrain test on Strandegionductor and Core at elevated temperature.

1 High Temperature Endurance & Creep test on Stranded Conductor.
In addition to the above test facilities, in order to
I ndi ado, A St aisaneqtoksadishanore rediohaktesting and Research Laboratories and incubation centers

under the Central Power Research Institute. The regional laboratories can also help in setting up of many Microgrid
projects to exploit the opportunities pretaehby renewable sources of energy. These Centres can supplement government
programmes which are intended to provide 24 X 7 electric power to all, especially in the rural sector.

Sufficient funds should be made available for setting up of new Regioringjtasd Research laboratories for speedy
implementation of projects envisaged for the growth of Indian Power sector.
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13.10 CHALLENGES IN TECHNOLOGY MANAGEMENT

There are certain key considerations for administration of an effective and commercially viable R&D programme to
compliment the Government of India schemes. Some of these aspects are as follows.

13.10.1 Role of CPRI in the management of R&D in ElectricdPower Sector

CPRI plays a crucial role to promote and execute R&D activities in power & energy sector for the country. R&D
component of CPRI activities must be considerably enhanced with added inputs and emphasis. This requires appropriate
modificationsof policies. Proper demarcation of activities under R&D, Test & Certification, and Quality assurance is
needed internally. The task ahead is to create and consolidate suitable R&D infrastructure and effectively execute
relevant activities suited to the aduy. There should be a distinct and separate R&D structure at CPRI with specialized
infrastructure and expert manpower to work exclusively on critical and futuristic technologies as needed by-the stake
holders.

CPRI 6s interacti on manizdtionpandcpdemieriinatitutomsdike SR BARC and CSIR needs
to be further strengthened to generate synergy and avoid duplication of expensive infrastructure. CPRI has to be
strengthened for consortium mode of R&D involving Academia, Industry aititids.

CPRI scheme of involving expert consultants and visiting professors should be effectively leveraged further to form an
expert base to guide the academic and research programs undertaken through R&D projects. Leveraging National
Knowledge NetworKNKN), a National Data base of Power & Energy Experts drawn from CEA, IITs, NITs, PSUs,
MNCs, PIOs and Private sector has to be created to tap core expertise for R&D.

International collaboration on R&D activities must be pursued vigorously by CPRI®wachi 6 Vi si on of EXxc
reach global standards. This includes collaboration arrangements with centres of excellence of advanced countries.

13.11 INITIATIVES FO R IMPROVING R&D IN T HE POWER SECTOR

13.11.1 Reliability & Asset management of existing T&Bystem components

As India plans for 1200 kV transmission system, an authentic database of the reliability of the existing systems and
apparatus up to 400 kV class will be the basic need. We have apparatus in the power system which are as old as 50 years
and more but are performing satisfactorily. A national diagnostic and reliability assessment plan of the Indian systems
as a joint study plan between the various utilities and the manufacturers will give tremendous knowledge base and

learnings as we migat t o hi gher and higher voltage |l evels of tr
classified registryéd could be created about the reliahb
13.11.2 Need for creation of globally recognizedd Cent r es of Excell enced under na:
There is a need to identify the O6R&D needsd of wvari ol
Excell enced across the nation at var i olhisshaldbeandtiama or ga

R&D priority. The competence level of the experts, the sophistication of the infrastructure, the quality of research
programme undertaken, the quality of outputs, the Intellectual Property Right (IPR), etc. must be nurtuiietéacen
and promoted.

CPRI being the prime R&D organization for the electr
Excellenced in many areas such as O6Advanced Pol ymers f
Processe 6, 6 Power System Analysisd, and O6Advanced Diagnost
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13.11.3 National R&D programmes

The two national R&D programs of the Ministry of Power, RSOP and NPP, administered through CPRI in consultation
with CEA have given ggood boost to the R&D efforts of the Utilities, Academia, R&D organizations, and the
Manufacturers. They have helped in building R&D infrastructure in many organizations over a period of time.

The guidelines and the methodology of selection, monitoring,raviewing of the funded R&D projects need to be
online and through I T enabled R&D management system.
all nationally funded major projects will help in realization of the R&D objectives. Aldaitanline R&D management
system needs to be in place, primarily at CPRI, and also across the other national R&D centres of importance.

13.11.4 Competence mapping and competence nurturing

India has one of the largest scientific and technology pool intkl. Many of them are national and international

level experts. There is a need to scientifically measure the competence level and competence areas of the experts and
the organization to classify the codhelpmnydpleyingtkeprightt i s e
scientific input to a given R&D project. The Omeasur er
experts and expert organizations are to be evaluated against the norms stipulated. This will help inérkatingavl e d g e
bank of countryébés expert resources?®b, rather than arbi
areas. The upgradation of knowledge | evel t hrough tr e
technicalcompetence areas, the competence level of various R&D organizations, the competence level of the experts,
etc. can be documented for improvement purpose.

CPRI, CSIR, DRDO laboratories who are involved in many R&D programmes, may benefit substangafijuiaging
the core competencies of the organization in various areas, and could be a scientific basis for creation and monitoring

of 6Centres of Excellencedé in their identified core cc
131156 Knowl edge Academyd in the area of Electrical Powel
There is a great need to provide a O6reservoir and a
scientific workforce in the area ofAebddemydctad powerde

courses on electrical power to fresh and experienced engineers who will contribute to the technology base of the country.
It may be like an autonomous University, providing basic level and advanced level theoretical tical pragses to
engineers. With more and more engineers opting to software related career, there is a great dearth of skilled and practical
electrical engineers in the country with adequate domain knowledge.

13.11.6 Intellectual Property Right (IPR) Management Cells in National Level Laboratories

There is an urgent need to promote awareness related t
with IPR policies and procedures need to be formulated to suit the need and purposatifhéR&D organizations.

The IPR cell should be manned by experts who are skilled in training the scientists of the organization, setting IPR
targets, and facilitating the innovation management of the organization.

13.11.7 Initiation of Mega projects & disruptive technologies

Disruptive technologies provide quantum jump in the technology advancement. All the breakthrough developments have
happened essentially through material / system developments. There are very few R&D projects of this category in th
electrical power sector. Mega projects like super conductor based fault current limiters, and transformers have been in
the research mode for quite long, as also rehdarthe field of combustion process,gadfication process, nano-

techndogy, high temperaure steds etc.CPRI could coordinate a wgbtlanned mega research scheme in many of these
areas under NPP scheme of | arger di mensions. O6Wireless
project to be initiated as collaborative project with huge imjpeitte electrical power sector.

R & D ACTIVITIES IN POWER SRC
13.17



SR
Central Electricity Authority National Electricity Plan

13.11.8 Easing the Market entry for newly / indigenously developed power products

In the context of Power Sector, many indigenously developed produwcts, egecialy those involving substantial
devdlopmental invegment, face entry barrier in the form ofudification requirementspertaining to equipment
performance over aminimum period specifiedby end users. Though this has arisen out of genuine reliability concerns
of new products, this provides some inertiaifon di ge no us d e reeless pamiee rsafguardetddyethes 6
product developersby way of recourseto deferredpayments, exendedguaranteesor insurance coverto indemnify them
againsttheriskof fail ure. Further, development of indigenous products must be encouraged by providing anoppatunity

to the developersto carryout field trials on no cost bass. This has to be considered to promote national R&D efforts.

There is a need fonerciation of a clearpalicy / guidelineto provide incentivesfor the commercialization of products
developedthrough indigenous R& D efforts. The incentive could be among others, in the form of exciseduty exemption
atleastfor a period of five yearsfrom the date of commercialization.

13.11.9 $&engthening of the R&D Infrastructure

R&D Infragructure at National Level needs strengthening in terms of facilitiesegecialy for typeteding of prototypes

with aview to minimize development / commercialization cycle. Many cases exist where the customers prefer overseas
test reports as sufficient facilities do not exist in the country. A national audit may be conducted through Industry and
utility forums to identify the gaps and efforts should be made to bridge pise ga

13.11.10 R&DMechanism

Research and Development towards innovative technologies has always been crucial for meeting future energy
challenges. The requirement and capacity to apply sound tools in developing effective Research and Development
(R&D) strategies and programs is bedpgiincreasingly important. The need to promote development and refinement

of analytical approaches to energy technology analysis, R&D priority setting and assessment of benefits from R&D
activities has become need of the hour.

Management of modern R&D é®@mplex and it requires discreet but multiple interface with academia, R&D institutions,
government etc., besides leveraging core strength of the organization. Also, the R&D management should be well
structured. In line with the aforesaid, following R&Dategy is proposed to be adopted:

13.11.11 R&D Platforms

Platforms to support international cooperation and collaboration could increase the effectiveness of R&D investments.
These include:

Technology transfer mechanisms;

Information sharing on both tenology and best practice;

International support for demonstration projects to improve the outlook for R&D;

Opening internships and researcher exchanges with other countries;

International exhibition of R&D equipment, instruments, and materials; and

Information sharing systems to collect and disseminate information on renewable energy technologies.
International collaboration can provide opportunities for information exchange, multiply the benefits from
R&D programs, including communicating best piees and lessons learned.

=A =4 =4 -4 -4 -89

13.11.12 Policies for R&D

1 Developing integrated R&D plans based on a rilciplinary approach. A welhtegrated R&D plan would
ensure that proposed programs are culturally appropriate, reflect current and planned resowneets,
and involve communities in discussions of energy policy;

1 Removing fossil fuel subsidies to balance the energy pricing mechanism in order to attract or drive private
capital to the energy industry;

R & D ACTIVITIES IN POWER SRC
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1 Developing skills and capacities to create reowledge workforce leads to success of energy efficiency

programs, proper operation and maintenance of clean technologies;

Providing as much certainty as possible concerning-teng (e.g. 5 to 10 years) funding for R&D

Monitoring and evaluating R&D progms results to enable timely adjustments to funding levels and strategies

where necessary

1 In addition to subsidizing electricity through low tariffs, policy should support and subsidize purchase of
energy efficient appliances

f
f

13.11.13 Institutional and finding framework for R&D

Govemment shoud fund the R&D programme through schemes sich asNationa Pergpective Plan(NPP) and Reseah
Scheme on Power (R®P). Someof them can be in collaborative mode with patticipation from CPSUs, Industry and
academic ingtitutes and utili ties.

CPRI, NTPC, NHPC, SIVNL, Powergiid, DISCOMs, BHEL, CSIR, CSIR laboratories, Government funded R&D
Institutions,l1 Ts,NITs may exeute the projectsidentified, which shall be coordinated ard managedby CEA and CPRI
on behaf of MoP.

With aview to create R&D infrastructur@nd to egablish new fecilities augmentation of existing falities and
establishment of regional testing laboratories in different parts of India is essential.

Government should continue to support CPRI throwglpd t a | grants. The regional | abo
small and medium Entrepreneurs to produce globally competitive electrical products. This will be a major initiative to
boost our AMake in I ndiad pr ogr tesnaneevalubtior facitiesrat sGsidized n me n
and affordable rates to Indian Manufacturers through Central Power Research Institute.

Policy to earmark a larger percentage of profit after tax by PSUs as part of Corporate Social Responsibility (CSR) should
be considered to provide the much needed impetus to R&D in Power sector.

13.12 RECOMM ENDATIONS
Followings are the important recommendations of thisgraloip:

1 Preparation of a welllefined R&D Vision and Policy document clearly highlighting the R&D gdlamnthe next
decade and providing incentives for the commercialization of products developed by indigenous R&D efforts of
startup organizations based in India

1 Enhance Delegation of Power to R&D division to improve the performance and delivery of time. syste

==

Development of a platform forollaborative research involving Industries, Utilities, R&D organizations and
Academia both national and international levels to bridge the technology gaps, strengthen expertise, and build synergy.

1 Consideration oR&D projects of national importance that require serious intellectual and financial resource as
National Mission projects with funding from Government.

1 Creation of ecosystems where MNCs, industry associations and professional societies may work ifintandem

di fferent R&D Programs of the nation to compli ment s
all 0 and help in creation of more jobs.
Creation of O6National Registry of experts & expertis

Creatian of Centers of Excellence (CoE) in identified areago takeup goplication oriented reseath projects.

Establishment ofPower Academydé o r 6 CP R1o enhaneedhe kmpviledge base of fresh and experienced
engineers which willsaHocwowl Gefrore pmeumagoe&ngi abkeng and
for middle level management.

1 Formulation of an effective IPR policy for the natiof&D organizations to protect the innovations of R&D
engineers and also to avoid possible infringements.

=a =4 =4
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1 Need for preparation of a wedlefined Policy to provide incentives for the commercialization of products developed
through indigenous R&D efforts ang ItartUp Organizations based in India. This should be aimed at easing the
Market entry for newly / indigenously developed power products and solutions. Incentives could be excise duty
exemption for a period of at least five years from the date of conatieation and Qualifying requirement (QR)

relaxation (prior experience, financials).
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CHAPTER 14
HUMAN RESOURCE REQUIRMENT

14.0 INTRODUCTION

Trained Manpower is an essential prerequisite for the rapid development of all areas of the power sector. The trained
manpower comprises of skilled engineers, supervisors, managers, technicians and operators. Power sector is poised for
massive growth in geration and commensurate growth in transmission and distribution infrastructure.

Manpower development including training facilities shall be proportional to this capacity addition requirement. The
technical knowledge acquired needs to be supplementedpplied engineering in various fields of power generation,
transmission and distribution. All these skills need to be regularly updated to cope with rapidly advancing technology.

14.1 MANPOWER ASSESSIENT
14.1.1 Manpower availability in 201217

The Caacity addition for 12th Plan (20117) is expected at about 1,31,950 MW (Conventional of 99,209 MW +
Renewable of 32,741 MW). The total manpower by the end of 12th Plan-{Z0)1shall be of the order of 1558.81
thousands out of which 1186.33 thousandslve technical and 372.48 thousands will be-technical.

(As per norms considered in S@oup9 of Working Group on Power for 12th & 13th Plans on Human Resources
Development, August 2011).

Table 14.1
Total Manpower Available at the end of 201217 {Beginning of 201722 Plan, considering a capacity
addition of 1,31,950 MW (including 32,741 MW from RES) during the 12th Plan}
(Figuresin Thousands)

S No | Particulars Technical Non-Technical Total
1 Thermal Generation* 174.82 57.98 232.80
2 Hydro Generation 49.37 19.30 68.67
3 Nuclear 10.03 4.56 14.59
Power System
4 Transmission 27.36 8.74 36.10
Distribution 924.75 281.90 1206.65
Total 1186.33 372.48 1558.81

* including Renewable Energy Sources
14.1.2 Manpower requirement during the years 20122

For a capacity addition of 1,76,140 M{Vable 14.2)considered (including renewables of 1,17,756 MW 48@6 MW
thermal (coal & gas) plants already under construction) in 221 Zhe additionamanpower requirement shall be of the
order of 253.76 thousands out of which 194.91 thousands will be technical and 58.85 thousands wiléblenical. The
total manpower by the end of 2022 shall be 1617.72 thousands, out of which 1232.95 thousatidsewechnical and
384.77 thousands will be ndachnical. Details are given below

HUMAN RESOURCE REQUIREMENT
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Table 14.2
Targeted Capacity addition during 201722
Particulars Total (MW)
Thermal ( Coal under constructiorm 7,855 MW + Gas plant 406 MW) 48261
Hydro 6823
Nuclear 3300
Sub-Total Conventional 58384
Renewable (Solar87711.17, Wind27720.23, Biomas4704.22, SHP
117756
620.14)
Total 176140
Transmission System Capacity Addition Circuit Kilometers MVA 62,800 ckm
capacity Addition 1,28,000 MVA
Distribution Capacity Addition (33/11kV S/S) 110,000 MVA
Table 14.3
Norms for Manpower
(Man/MW
S No Particulars Technical Non-Technical
1 Thermal Generation 0.486 0.144
2 Renewable
Solar 0.550 0.165
Wind 0.321 0.096
Biomass 0.486 0.144
Small Hydro 1.341 0.405
3 Hydro Generation 1.341 0.405
4 Nuclear 1.098 0.468

Power System

1 Employee for 18.30 30% of the Technical
CktKm Manpower

Distribution 12 persons per 10MVA(of 33/11kV S/S)

*Norm for manpower considered is including regular as well as contractual employment. These norms are average of
all sizes of generation capacity. However, value changtbsplant site and size, higher the plant size lower is the
Man/MW ratio. Further Man/MW ratio may further get reduced with increase in level of automation.

5 Transmission
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Table 14.4

Additional Manpower required for Capacity Addition of 1,76,140 MW envisaged in2017-22 Plan
and HV, EHV & UHV Transmission network of length of about 62,800 Ct.kms.
(Figures in Thousands)

NSo Particulars Technical Non-Technical Total
1 Thermal Generation 23.45 6.95 30.40
Solar* 48.24 14.47 62.71
wind 8.90 2.66 11.56
Biomass 0.83 0.25 1.08
2 Small Hydro 0.83 0.25 1.08
3 Hydro Generation 9.15 2.76 11.91
4 Nuclear 3.62 1.54 5.16
Power System
5 Transmission 3.43 1.03 4.46
Distribution 96.46 28.94 125.40
Total 194.91 58.85 253.76

* As per MNRE estimates, anadditional 91114 semiskilled persons (below ITI/Technician level) are also
required in Solar, which are not accounted for in the norms.

Table 14.5

Manpower available at the beginning of the period 20122 after considering retirement of 20% of
manpower and recoupment of 7.5% of existing manpower

Total
Manpower available as on
31.03.2017 after 20% Recoupment of
reduction (due to manpower at the rate of
retirement, death, change 7.5% in five years
of professionetc.)
NSo Particulars Technical Te’(\:lk?gi_cal Technical Tel(\:lr?r?i-cal Total
1 Thermal Generation 139.86 46.38 13.11 4.35 203.70
2 | Hydro Generation 39.50 15.44 3.70 1.45 60.09
3 Nuclear 8.02 3.65 0.75 0.34 12.76
Power System
Transmission 21.89 6.99 2.05 0.66 31.59
Distribution 739.80 225.52 69.36 21.14 1055.82
Total 949.07 297.98 88.97 27.94 1363.96

HUMAN RESOURCE REQUIREMENT

14.3




SR
Central Electricity Authority

National Electricity Plan

Table 14.6

(Table 14.4+Table 14.5)
Total Manpower Available at the end of 201722 & Beginning of 202227

(Figures in Thousands)

NSo Particulars Technical Non-Technical Total
Thermal Generation* 235.22 75.31 310.53.
Hydro Generation 52.35 19.65 72.00

3 | Nuclear 12.39 5.53 17.92
Power System

4 | Transmission 27.37 8.68 36.05
Distribution 905.62 275.60 1181.21

Total 1232.95 384.77 1617.72

*Thermal Generation includes generation from Solar, Wind and Biomass.
The above manpower is inclusive of Technical manpower &8.80 thousand and NofTechnical of 17.63 thousand for

O&M of RES envisaged for addition in the period 201722.
14.1.3 Manpower requirement during the period 20227

For a capacity addition of 1,65,220 MW (including renewables of 100,000 MW) during2Z0@2ble 14.7, the additional
manpower requirement shall be of the order of 252.78 thousands out of which 193.77 thousands will be technical and 5¢
thousands will be netechnical. The total manpower by the end of 2@Z%hall be 1668.67 thousandst of which 1272.90

thousands will be technical and 395.77 thousands will beewmical. Details are given below:

Table 14.7

Targeted Capacity Addition during the period 202227
Particulars Total (MW)
Thermal 46420
Hydro 12000
Nuclear 6800
Sub-Total Conventional 65220
Renewable (Solar 50000, Wind40000, Biomass/000, SHR 3000

100000

MW)
Total 165220
Transmission System Capacity Addition Circuit Kilometers MVA 62,800 Ckm
capacity Addition 1,28,000 MVA
Distribution Capacity Addition (33/11kV S/S) 110,000 MVA
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Table 14.8

Additional Manpower required for the Capacity Addition of 1,65,220 MW envisaged in 20227 and
for HV, EHV & UHV Transmission Lines of length of 62,800 Ckt.kms.

(Figures in Thousands)

S No | Particulars Technical Non-Technical Total
1 Thermal Generatidn 22.56 6.68 29.24
Solar 27.50 8.25 35.75
Wind 12.84 3.84 16.68

Biomass 3.40 1.01 4.41

2 Small Hydro 4.02 1.22 5.24
3 Hydro Generation 16.09 4.86 20.95
4 Nuclear 7.47 3.18 10.65

Power System

5 Transmission 3.43 1.03 4.46
Distribution 96.46 28.94 125.40
Total 193.77 59.01 252.78

#“Manpower required for operationalizing 47,855 MW Thermal in 282 would be utilized in 20227.
The above manpower is after taking into account 2@iitional manpower in down stream/ allied/ automation and
25% reduction in manpower due to expected automation atleast in urban centres and some smatrt cities.

Table 14.9
Manpower available at the beginning of period 20227 after considering retirement of 20% and recoupment
of 7.5% of manpower
(Figures in Thousands)

Manpower available as on

31.03.2022 after 20% Recoupment of
reduction (due to manpower at the rate of Total
retirement, death, change 7.5% in five years

of profession ¢c.)

S No | Particulars Technical Non- Technical Non- Total
Technical Technical
1 Thermal Generation 188.18 60.25 17.64 5.65 271.72
2 Hydro Generation 41.88 15.72 3.93 1.47 63.00
3 Nuclear 9.91 4.42 0.93 0.41 15.67
Power System 0.00 0.00 0.00 0.00
Transmission 21.90 6.94 2.05 0.65 31.54
Distribution 724.50 220.48 67.92 20.67 1033.57
Total 986.37 307.81 92.47 28.85 1415.50
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Table 14.10

Table 14.8+ Table 14.9
Total Manpower available at the end of 20227

(Figures in Thousands

S No [Particulars Technical Non-Technical Total
1 [Thermal Generation* 276.14 86.90 363.04
2 |Hydro Generation 61.90 22.05 83.95
3 Nuclear 18.31 8.01 26.32

Power System
4  [Transmission 27.38 8.62 36.00
Distribution 888.88 270.09 1158.97
Total 1272.90 395.77 1668.67

*Thermal Generation includes generation from Solar, Wind and Biomass.
Inclusive of manpower for O&M of RES added for the period 2B22or Technical is 47.76 thousands and Niechnical
is 14.32 thousands

14.1.4 Manpower engaged in the plants proposed for retirement

It is proposed that thermal capacity of 22,716 MW may be retired in the period 622G 25,572 MW in 20227. The

units proposed for retirement are old ones and generally having the unit capacity of 250 MW and below have higher Ma
MW norms i.e. in the tune of 1.5 Persons/ MW than required for new units to be set up which are mostly of size 660 MW at
higher. Further, thenanpower to get retired at the rate of 20% per year have already been considered. Therefore, the manpov
required for the O&M of the capacity to be added in 20T #ill be even less than the manpower engaged in the capacity
proposed for retirement. Thirsthermal areas, theoretically, there will be no net addition of manpower during2Z0Thus

the manpower engaged in the plants to be retired needs to be reoriented / retrained in the modern thermal technology
engaging them in new power plants pladrio be commissioned in 2027.

Manpower Norms and the order of manpoweredgaged in the thermal capacity proposed for retirement is as tabulated
below
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Table 14.11

Man/MW norms for de-engagement of manpower due to retirement in generatiotsansmission,

distribution in 2017-27

(In Man/MW)
S No | Particulars Technical Non-Technical
1 Thermal Generation 1.08 0.42
2 | Renewable
Solar 0.55 0.165
Wind 0.321 0.096
Biomass 0.486 0.144
Small Hydro 1.341 0.405
Hydro Generation 1.341 0.405
Nuclear 1.098 0.468
Power System
o 1 Employee for 30% of the Technical
5 | Transmission 18.30 Ckt Km Manpower
Distribution 12 persons per 10MVA(of 33/11kV S/S)

*Norm for manpower considered is including regular as well as contraetaaloyment. These norms are average of all sizes of
generation capacity. However, value changes with plant site and size, higher the plant size lower is the Man/MW ratio. Furthe
Man/MW ratio may further get reduced with increase in level of automation.

Table 14.12
Capacity proposed for retirement in 201727
(In MW)
Particulars 201722 202227 Total
Thermal 22,716 25,572 48,288
Table 14.13
Manpower likely to be deengaged in plants proposed for retirement in 20127
Particulars Technical Non-Technical Total
Thermal Generation 52.15 20.28 72.43

The reengagement of the manpower from the plants proposed for retirement would pose a challenge in that the plants
retiring and the plants coming up may be under different organisations and also thegliangs and the plants
commissioning owned by the same organisation may be at different geographical locations. The complete manpower
going to be deengaged may not be suitable foreregagement. Therefore, it will require a great deal of strategy and
planning for smoothening the transition of manpower.

HUMAN RESOURCE REQUIREMENT
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14.2 MANPOWER AVAILABILITY

On the basis of the total number of technical institutions operational, it can be seen that at all the three leves),graduati
diploma and ITI there are sufficienumber of students passing out each year. They are given the specific skill sets
required to perform the duties by organising Induction level training.

Table 14.14

Manpower Availability Vs Requirement

Annual Manp_ower Man power
Colleges Total Colleges | Intake in Total for 5 Requirement Requirement
lakhs years (lakhs) | for 2017-22 for 2022-27
(lakhs)* (lakhs)*
Engineering 3384 16.34 81.70 0.29 0.30
Management 3364 3.54 17.70 - -
Polytechnics 3436 11.35 56.75 0.22 0.22
ITI 11964 16.92 84.60 0.79 0.79
Total 22148 48.15 240.75 1.30 1.31

From theTable 14.14it is observed that sufficient number of Engineers, Managers and Diploma holders are available.
However, in respect of lower level skills like that of ITI, there are certain gaps in numbers of skills as explained below.

Our ITIs and other vocationataining institutions have to be augmented for providing certain skill sets like High
Pressure Welders, Fabricators, Fitters, Binders, Drillers, Plumbers, Electricians, Linemen, Heavy Machine Operators,
OperatorsCrane, Dozer, Dumper, Excavation, Bar Besd®iling Rig Operators etc. who would be required in huge
number for the Erection & Commissioning Activities for the Thermal, Hydro, Nuclear Plants and Transmission &
Distribution areas. The quality and range of their training will keep pace with thgioganeeds of the economy and
opportunities for selflevelopment.

14.3 TRAINING NEED ASSESSMENT
14.3.1 Training Strategy
To fulfil the above needs, training to the power sector personnel is provided in the following categories:
i) O&M Training to all existing employees engaged in O&M of generating projects (Thermal, Hydel, Gas) and
Transmission & Distribution System as per statutory requirements under the Gazette Notification of September
2010 issued by CEA ranging from 4 ks to 30 Weeks.
This interalia includes the following:
- Classroom Training
- Simulator Training for Thermal and Hydel

- OnJob Training

i) Induction level training for new recruits Technical & N®echnical is considered a must in the power sector

iii) Refresher/Advanced training of 5 Days in a year to all existing personnel of varying degrees in various
specializations in line with National Training Policy for Power Sector.
iv) Management training of 5 Days in a year to the Senior Executives/Managerdaifilbndad in line with

National Training Policy for Power Sector.
v) Training for personnel from retiring units found suitable feengagement.

The most i mportant component of the strategy réhphtul d be
least oneweek of training in a year must be provided to every individual. Five days training per annum per technical
person based on National Training Policy is being implemented selectively at some utilities. This needs to be strictly
implementel.

HUMAN RESOURCE REQUIREMENT
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14.3.2 Recommendations for Capacity Building
x  O&M Training

As per the Gazette Notification No. CEI/1/59/CEA/EI (Measures relating to Safety and Electric Supply)
Regulations, 2010 and amendment thereof, if any, issued by CEA, Engineers, Supervisechaitiains engaged

for O &M of Power Projects (Thermal, Hydel, Gas) and T&D have to mandatorily undergo training ranging from
4 weeks to 30 weeks.

x On-Job Training Facility

On-Job training is also now mandatory for all trainees who are being given traniDg& M of Generation
Projects (Thermal, Hydel, Gas) and Transmission & Distribution. This training varies from 2 weeks to 16 weeks.

% Induction Training
Induction training to all technical personnel is a must.
x Refresher/Advanced Training

Refresher/Advanced Training must be arranged for each individual on promotion, which calls for performing
new/different roles and working conditions.

A mix of Technical, Commercial and Management capabilities of 1 week is proposed.

x Training of Personnel ergaged in the thermal plants to retire for their reengagement in new
power plants

Manpower engaged in the plants to be retired needs to be reoriented / retrained in the modern thermal
technology for engaging them in new power plants planned to be comnedsn 201727.

x Management Training

Continuous development of Executives/Managers, especially at the transition period of their career and in the
context of constantly changing business environment and the Regulatory aspects is of utmost importatee. Aspec
of Commercial and Regulatory affairs of the power sector should be taught to the executives. Also, Executives in
Finance and Management with atathnical background should be provided technical orientation through suitable
training programs. For thisteaining of 1 week is proposed.

x  Simulator Training

As per the Gazette Notification No. CEI/1/59/CEA/EI (Measures relating to Safety and Electric Supply)
Regulations, 2010, Simulator training of 2 weeks & 1 Week is a must for operation and mainte remueshef

Thermal and Hydro plants respectively. This is included in O&M training above. For safe and efficient functioning

of manual and automatic equipment, personnel have to be trained on Simulators. Load Despatch System Operators
may also be impartedaining on Simulators.

x  Training in Renewable Sources of Energy

Since it is envisaged that about 32,741 MW of Renewable Energy is added ih 28t 1,17,756 MW in
201722 and 1,00,000MW in 20227, it is proposed that specialized training of at legationths should

be given in various renewable energy technologies like solar, winemdass, small hydel etc. Grid
connectivity of Renewable energy sources may also be given importance in training.

x Training in Demand Side Management, Energy Efficiency an&Energy Conservation

Training for Energy Managers and Energy Auditors, Industry personnel, Operators, Farmers should also be
provided in respect of DSM, Energy Conservation & Energy Efficiency. Energy Conservation should also
be a part of course curriculufor students.

x Power System Operators Training

System Planners, Operators & Engineers should be given regular refresher training and the new entrants
should be given exhaustive training of 3 months. This training shall be required to be given to aliout 250
300 trainees every year during the years 2227

HUMAN RESOURCE REQUIREMENT
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x Capacity Building under DDUGJY & IPDS
Capacity Building of various GOl schemes such as DDUGJY and IPDS scheme is recommended for the employees
of Power Distribution Utilities.
x  HRD and Technical Competence building due to Technology Advancement and R&D

There is a need to match the growth rate, Technology Advancement and R&D needs of both skilled manpower as
well as highly qualified research personnel to sustain a steady growth in technologyuherglorhus, emphasis
needs to be laid upon skill development of such Manpower.

x Introduction of Training on Attitudinal Changes / Behavioural Sciences

It is highly recommended to introduce training on Attitudinal Changes / Behavioural Sciences in théucorof
induction level training as well as-teining programs. After undergoing such training, the personnel develop a
sense of belongingness to the organization.

In addition to Technical Skills, Power Professionals need to have Life Skills like Caoatian Skills, Time
Management, Team Work, Technical Writing, Morals & Ethics etc.

x  Training in Information Technology & Cyber Security

Information technology has pervaded all facets of life. Adequate training according to the job requirement should
be pravided in the field of information technology & cyber security. Use of IT should be promoted and maximum
number of personnel should be made computer literate.

x  Training of Non-Technical Officers and Staff
Training of nontechnical officers and staff shoub& done in regular intervals in the functional skills/management
areas in association with the concerned Institutes as per needs.

x  HRD and Capacity Building for Power Generating Stations

It is proposed to have a capacity building program for the Exexajtiengineers, and Operators of Power Stations

in both State and Central Sectors in the areas of DSM, Energy Management and Energy Audit during the years 2017
22 and 202227.

x  Training for Nuclear Power Personnel

Due to stringent safety requirements attler national and international regulations, every person working in
Nuclear Power Sector is exposed to specialized training. To meet thedmdillinary needs, the Department of
Atomic Energy (DAE) has built #mouse training facilities both for prafsionals and neprofessionals.

x  Training Abroad
Live liaison should be made with the concerned authorities to depute the eligible personnel for training in the
developed countries to keep them abreast of the latest global developments.

x  Hot Line Maintenance Training

There is a great demand from various Ultilities for Hot Line Maintenance Training. There is an urgent need for
augmentation of Training Capacity as this type of Training is presently being imparted by only two institutes in the
country,

x  Training t hrough Distance learning education, H_earning & Web based Training

Since it may not be possible for all the persons engaged in Construction and O&M of Power Projects, knowledge
upgradation & training is suggested through correspondence and also byWiely based Training and also through
e-learning.

x  Need for written Training Policy by every Utility

Every Utility of Central Sector, State Sector & Private Sector should have a written Training Policy indicating how
the organisation proposes to meet its fiired needs.
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x  Adoption of ITls

More than sixty (60) nos. of ITls have been adopted by CPSUs wherein about 18,000 technicians pass out every
year from these institutions. Such initiatives by CPSUs under their CSR activities may be encouraged.

x  Provision for Training budget

In line with the National Training Policy for the Power Sector, every organisation should have a training
budget starting at least equal to 5% of the annual salary budget.

14.3.3 Training Infrastructure Requirements visa-vis Availability

14.3.3.1 Training Load

Training requirement for 20122 & 202227 have been worked out with the following assumptions and are given in
Table 14.15and Table 14.16.Details of simulator training infrastructure requirement are givehainle 14.17and
Table 14.18

i) O&M Training to the manpower added and engaged in O&M of generating projects (Thermal, Hydel, Gas) and
Transmission & Distribution System as per statutory requirements under the Gazette Notification No.
CEI/1/59/CEA/EI (Measures relating to Safetyd Electric Supply) Regulations, 2010 issued by CEA.

This interalia includes the following:
- Classroom Training
- Simulator Training for Thermal and Hydel
- On-Job Training

i) Induction level training for new recruits is considered a must in the psesor.

iii) Minimum oneweek training (Refresher/Managerial) every year for all technical personnel in line with
National Training Policy for Power Sector.

14.3.3.2 Classroom Training Infrastructure Requirement vs. Availability for 201722
(For O&M of Generating Projects and T&D system as per CEA norms)

Training load considering-veek training annually for all existing technical personnel and induction training of duration
specified in CEA regulations to all technical personnel to bectedufor capacity addition with associated T&D system
during 201722 period is given iffable 14.15.
Table 14.15
Classroom infrastructure Requirement vs. Availability in 201722
(in Thousand-man-week)

Training Infrastructure Available Reglrjirr]gf:]lent ) /S[)uigf&t& 9
At
Atthe C.EA Other Total
Sub-Sector Recognised .- L
Training Institutes Training | availability
Centres
Distribution 22 1 23 927.15 -904.15
Hydro 20.8 13 33.8 56.16 -22.36
Thermal 234.97 61 295.97 216.29 79.68
Transmission 46 36 82 28.87 53.13
Total 323.77 111 434.77 1228.47 -793.70
Nuclear 16.16
Solar 19.30
Wind 3.56
-816.56
Total 1267.49| (excluding
nuclear)
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From theTable 14.15 it is evident that there is no deficit in training infrastructure in Thermal and Transmission areas.
However, there is need for creation of infrastructure in Hydro and Distribution areas considering that all existing
employees are impartedvieek trainhg annually and new inductees are imparted induction training of duration
mentioned in the CEA Regulations. Actual deficit in Hydro and Distribution would be marginally less as almost all
NPTI institutes also conduct training in Hydro areas except HLTQg8lare and in distribution areas while
predominantly they conduct training in thermal areas except in case of PSTI and HLTC at Bangalore and HPTC at
Nangal, Punjab. Further, some infrastructure available with training cells, which also impart traitivgpeatver
companies would also reduce the infrastructure deficit.

The existing infrastructure itself is grossly undeilised. The undeutilisation is mainly due to organisations under

state government particularly Discoms giving almost no attentiwaitong. Thus, efforts should be made to optimally

utilise the existing infrastructure.

All the organisation under state/pvt/ central sector are required to impart training to their personnel at Government
recognised institut etysRegumtiom@0i@ at ed i n CEAG6s Safe

There is a need for creation of infrastructure by way of setting up new institutes or augmenting the infrastructure in
the existing institutes i.e. in CEA recognized institutes and other training institutes. However, priority be given on
utilization of exsting input structure. More infrastructure can be created in phased manner. Same approach may be
adopted in case of simulator training infrastructure.

14.3.3.3 Classroom infrastructure Requirement in 20227

Table 14.16
Classroom infrastructure Requirement in 202227
Sub-Sector Training Load (thousand-man-week)
Distribution 909.16
Hydro 75.70
Thermal 280.28
Transmission 28.88
Sub-Total 1294.02
Nuclear 24.53
Solar 11
wind 5.14
Total 1334.69

Total annual training load during 2027 will be about 1335 thousamdanweeks.In the areas of Nuclear, solar and

wind power, the training load requirement is also depictddbie 14.22 Training of personnel engaged is Nuclear
power is not controlled by the Ministry of Power. The concerned Ministry may take stock of the training infrastructure
in Nuclear power. Similarly, the area of Solar and Wind power comes under MNRE. The trainésgructure
available for training in solar and wind power is not well organised and low in comparison to the requirement. The
existing power sector institutes need to start training/ augment training capacity for RE areas. Training in solar and
wind areas may be made statutory on the line of training specified for those engaged in the O&M of Thermal, and
Hydro power plants, thereby the infrastructure creation will gain momentum and training could be provided in more
fruitful and productive manner.

14 .3.3.4 Simulator Training Load

Training infrastructure to meet mandatory simulator training has very little shortage in thermal which would be bridged
once 6 planned simulators at different NPTls are installed. Requirement of hydro simulator wouldrasortee these
multi-mode simulators are installed at NPTI. The simulator training load requirement and existing availability are
indicated inTable 14.17which depicts the simulator training to supervisors and engineers comprising about 36%

of total new technical inductees in 201-22.
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Table 14.17
Simulator Training Infrastructure Requirement Vs Availability 2017 -22
Simulator Training Simulator Infrastructure -
. : Deficit (-)
S No Area required available (Thousand-Man-
(Thousand-Man- (Thousand-Man- Weeks/Year)
Weeks/Year) Weeks/Year)
1 Thermal 5.26 5.50 0.24
2 Hydro 1.32 0.45 -0.87
Total 6.58 5.95 -0.63

NPTI is already in the process of procuring midtictional Simulators at six (6) of its institutes and therefore, this

additional expenditure may nbe required.

Table 14.18
Simulator Training Infrastructure Requirement Vs Availability 2022 -27
Simulator Training Simulator Infrastructure -
ired ilabl Deficit (-)
S No Area require avariabe (Thousand-Man-
(Thousand-Man- (Thousand-Man- Weeks/Year)
Weeks/Year) Weeks/Year)

1 Thermal 5.79 4.80 -0.99
2 Hydro 2.88 3.09 +0.21
Total 8.67 7.89 -0.78

(Considering 6 additional Hydro /Thermal Simulators at NPTI)

There would be 46,420 MW new capacity addition in Thermal category in2D22he existing simulator capacity
could be utilised to impart training in refresher courses to existing employees in the Thermal area.

NPTI is already in the process of procgrimulti-functional Simulators at six (6) of its institutes and, thus no additional
expenditure may be required.

14.4 FUNDING

14.4.1 Funding for Classroom Training Infrastructure for Engineers, Supervisors and Operators

The maximum infrastructureequirement for classoom training for engineers, supervisors and operators has been
calculated as 1267 thousantnweeks per year for 20122. The infrastructure available for clas®m training for
engineers, supervisors and operators has been eslima®35 thousardanweeks per year for 20122. Therefore,

there is a huge deficit of 794 thousamdnweek infrastructure in O&M training of technical personnel for 2027n

the field of conventional power. When training load for solar and windclsded the infrastructure shortage adds to

817 thousangnanweeks. In terms of area specific break up, there is no shortage of infrastructure in Transmission and
Thermal areas. However, In the distribution sector the infrastructure requirement fapolassaining for engineers,
supervisors and operators has been calculated as 927 thonaamgeks per year for 20122 while the infrastructure
available for classoom training for engineers, supervisors and operators for distribution sector has beateésts

23 thousandnanweeks per year for 20122. In the Hydro area also, there is only 34 thousaadweeks
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infrastructure available as against the requirement of 56 thousanaveek. Thus, there is deficit of 22 thousamdn
weeks per year for 20122 in Hydro area.

To bridge the infrastructure gap corresponding to 816 thousemlveeks and cater to training load in 2687, a huge
fund would be required to be invested by the concerned organisations.

The training infrastructure required for the2227 is to meet the training load of 1335 thousamahweeks per year,
which is little more than that the requirement of 1267 thousaadweeks per year in 20122 period.

14.4.2 Funding for Thermal Simulator Infrastructure

As per the Gazette Notificath No. CEI/1/59/CEA/EI (Measures relating to Safety and Electric Supply) Regulations,
2010 of CEA, persons working in the O&M of Thermal Power Plants have to undergo 2 weeks simulator training. The
infrastructure available for simulator training has bealtudated based on the existing simulators available in the
country, which is 4.8 thousandanweeks per year. The infrastructure requirement has been calculated as 5.79
thousanemanweeks per year for the 2027 . Therefore, there is deficit of 0.99 inérimal simulator infrastructure.
Considering a batch size of 16 and total number of 22 batches in a year, one training simulator can provide 0.704 of
thousand man weeks in a year. Therefore, to create the simulator infrastructure required for défigitecaiirement

of 0.99 thousandnanweeks per year during the 2022.

However, o funding is required in this respect as NPTl is already in the process of acquiring-éadétSimulators.

14.4.3 Funding for Hydro Simulator Infrastructure
As per theGazette Notification No. CEI/1/59/CEA/EI (Measures relating to Safety and Electric Supply) Regulations,
2010 of CEA, persons working in the O&M of hydel power plants have to undergo 1 week simulator training. The
infrastructure available for simulator tinéig has been calculated based on the existing simulators available in the
country, which is 0.45 thousamdanweeks per year. The infrastructure requirement has been calculated as 1.32
thousanemanweeks per year for the 2022 and 2.88 thousardanweelks per year for the 20227. Therefore,
there is a deficit of 0.87 thousantanweeks per year for the 202, which could be bridged with the setting up of
simulators by 6 NPTIs at different locations. Thus, no more investment in hydro simulator weetflived. While
calculating the availability, a batch size @f and total number of 44 weekas been considered in a year, thus one
training simulator providing 0.44 thousanthnweeks in a year.

14.4.4 Funding for Training

To create the infrastructurequired to meet the annual training load in 2@27 a huge investment shall be required.
However, it is proposed that instead of creating new infrastructure, all NPTI institutes along with two upcoming institutes
one each in Kerala and Madhya Pradesly e fully utilized to accommodate the above mentioned training load.

145 RECOMMENDATIONS

1 All the organisations under central/ state/private sector are required to impart training to their personnel at
the institutes recognised by the Government(CEé#®ylas mandated in Regulation 6 & 7 of CEA (measures
relating to safety and electric supply) Regulations 2010.

9 Itis proposed that all Central Sector Utilities, State Sector Utilities and IPPs provide O&M and refresher
training as per the norms stipulatedRegulation 6 & 7 of CEA (measures relating to safety and electric
supply) Regulations 2010.

1 NPTI has been entrusted with the role and responsibility as a National Apex Body for training by the
Government of India (Gazette Notification July 3, 1993) and it runs the training programmes for the power
sector personnel as mandated in the Regulatidhs 68 of CEA Regul ations 2010.
training may be utilised by all Utilities / Industries of Power Sector to meet their mandatory requirement of
Induction training to their new entrants as well as refresher training to their existaogpelrwhich would,
apart from meeting their training requirement, ensure effective utilisation of the huge infrastructure available
with the NPTI.

1 Power sector training in the areas of Smart Distribution, Smart Transmission and Smart Generation may also
be strengthened in coordination with NPTl in order to accommodate emerging areas. This will help prepare
competent man power for upcoming Renewable Installations of 175 GW in Solar, Wind, Small Hydro, etc.

1 Incompliance with the National Training Policy(RYof Ministry of Power, all organizations need to allocate
training budget at least equal to 5% percent of the salary budget exclusively for funding training activities.
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CHAPTER 15
CONCLUSIONS AND RECOMMENDATIONS

The National Electricity Plan includes a review of th& Pan, detailed capacity addition requirement during the years
201722 and Perspective Plan projections for the years -2022fter carrying out the detailed exercise towards
formulation of National Electricity Plan, following conclusions and recommesnkatiave emerged.

15.112™ PLAN CAPACITY ADDITION

i) In the 12th Plan, capacity addition from conventional sources is 99,209.6 MW (Coal 83,560 MW, Lignite 1,290
MW, Gas 6,880.5 MW, Hydro 5,479 MW, Nuclear 2,000 MW) against a target of 88,537 MW. This is about
112% of the target.

ii) Private players have started playing dominant role in capacity addition in power sector with 56 % of total capacity
addition during 1% plan coming from private sector.

iii)  There has been considerable slippage in achievement of capatittgrathrget of Hydro and Nuclear sources
(Slippage: Hydro 5,451MW and Nuclear 3,300 MW) in th& P2an period. The factors affecting capacity
addition in Hydro and Nuclear sectors need to be addressed urgently to arrest the further decline iongenerat
mix.

iv)  During 12" plan, capacity addition from supercritical technology based coal power plants has contributed around
42% of the total capacity addition from coal based plants.

V) R&M/LE works in respect of 37 Nos. thermal units with aggregate capacit02.6 MW have been completed
during 12th Plan. Also about 4014.6 MW of Hydro capacity has been achieved through uprating, life extension
and restoration activities for a total of 20 hydro R&M schemes as ©Nl&dch,2017.

vi) A capacity addition of 32,74MW from Renewable Energy Sources has been achieved durirgld2.

15.2 DEMAND SIDE MANAGEMENT

i)  There would be reduction in electrical energy requirement through implementation of various programs of
Demand Side Management, energy efficiency and consenvateasures lik&&L (Standards & Labelling),
PAT (PerformAchieve Trade) Scheme in industries, LED domestic & Street lighting etc.
ii) Total energy savings during the year 2622 and 202&7 has been estimated to be 249 BU and 337 BU
respectively. This wiltesult in reduction in both Electrical Energy Requirement (BU) and Peak Demand (MW).
iii) A uniform approach for formulation of DSM regulations (including demand response) throughout the country
may be taken up in the Forum of Regulators. Regulators newdifp appropriate DSM regulations and direct
the DISCOMSs to prepare time bound DSM action plan. Regulators may direct Distribution Companies to take up
energy efficiency measures in their areBe DISCOMs may be suitably incentivized to implement DSM
projects like lighting, aiconditioning, agricultural pumps, refrigerators and ceiling fandatceduction in their
peak demand.

15.3DEMAND PROJECTIONS

i)  Electricity demand of the country is periodically assessed by the Electric Power Survey Commitigantaki
account the actual electricity demand incident on the system in the past years, planned and under implementation
policies and programmes of the Government, various developmental activities projected in future, impact of
energy conservation measugts.

i) The electrical energy requirement and peak electricity demand-tndill basis has been taken as per tHg 19
EPS to work out the generation capacity addition requirement. The EPS exercise involves all stakeholders and an
extensive exercise has lpegone. Distribution company wise electricity demand projection has been carried out
to arrive at the State / region and &tidia electricity demand projection. Electrical energy requirement and peak
demand on allndia basis adopted for generation exgian planning exercise is as under:

Year Energy Requirement ( BU) Peak Demand (GW)
202122 1566 226
202627 2047 299

iii) CAGR of electrical energy requirement from 2016 to 202122 works out to 6.18 % and the CAGR of

CONCLUSIONS AND RECOMMENDATIONS
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iv)

15.4
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(i)

(ii)

(iii)

(iv)

v)

(vi)

b)

0

(ii)

electrical energy requirement from 2022 to 202627 works out to 5.51 %. The CAGR of electrical energy
requirement in the country from the year 2ai1i0to 21516 has been 5.28 %.

Load forecasting is undertaken by CEA once in five years through EPS committee. While making the load
forecasting, a number of assumptions are made. In actual, these assumptions may deviate and need suitable
modifications. It is tkerefore, suggested that Mid-term review of EPS Load Forecasting should be
undertaken to help the stakeholders in the electricity sector to facilitate effective investment decisions.

CAPACITY ADDITION REQUIREMENT
During the years 201722

Priority hasbeen accorded towards development of hydro, nuclear and gas based projects which are already
committed for the year 20122. Committed Hydro capacity addition of 6,823 MW has been considered during
201722 based on assessment of progress of actual stahgsprojects. Nuclear capacity of 3,300 MW during
201722 has been considered for planning studies as per the information furnished by DOAE. Gas based
capacity of 406 MW has been considered based on the projects that are in various stages of construction
Considering the demand projections for the year 22 4as per the 19th EPS, committed capacity addition

from Gas 406 MW, Hydro 6,823 MW, Nuclear 3,300 MW, RES 1,17,756 MW and likely retirement of 22,716
MW of coal based capacity during 2622, the stug result reveals that coal based capacity addition of 6,445

MW is required during the period 20P2. However, a total capacity of 47,855 MW coal based power projects

are currently under different stages of construction and are likely to yield benefitg the period 201-22.

Thereby, the total capacity addition during 2&@is likely to be 1,76,140 MW.

An alternate scenario has also been constructed considering demand CAGR of 7.18% during the years 2017
22. 1t was found that 19,700 MW coal based cépaddition is required during the years 2647 in case of
increased demand scenario. However, coal based capacity of 47,855 MW are at different stages of construction
and are likely to yield benefits during 2022.

In view of a large capacity additiggrogramme from Renewable Energy Sources, Hydro and Gas based power
stations are required to play vital role by providing balancing power to cater to the variability and uncertainty
associated with Renewable Energy Sources. Therefore, suitable measenssire timely completion of
capacity addition from hydro and adequate supply of natural gas to stranded gas based power plants may be
taken.

As per Electricity Act, 2003, CEA has to prepare National Electricity Plan for Generation and Transmission.
The bag objective of Generation Planning is to find out the ideal generation mix based on the demand
projections. In view of this, an integrated approach for planning generation capacity addition involving various
concerned ministries like MOP, MNRE, Departmehtomic Energy (DOAE) etc. needs to be adopted.

The rate of capacity addition particularly from coal based stations has outpaced the rate of increase in demand
during the period from 201Z2. The PLF of the coal based stations is likely to come doarotmd 56.5% by

2021-22 with likely demand under CAGR of 6.18% and 175 GW of capacity addition from RES. In the event

of increase in demand, without any deviation in other variables like RES or coal based retirements, the PLF of
the coal based stationslWnvariably increase.

During the years 202227

Priority has been accorded towards development of hydro and nuclear based projects which are already likely
to get commissioned in the year 2622 Hydro capacity addition of 12,000 MW based on the projects
concurred by CEA has been considered during Z022Nuclear capacity of 6,800 MW during 2622 has

been considered for planning studies as per the information furnished by DOAE. No new gas based power
plants has been considered during 2@Z2n view of acute natural gas shortage in the country. firipmm
neighbouring countries to the tune 21,600 MW has been considered for the studies.

Considering the demand projections for the year 2D2@s per the 19th EPS, coal based capacity addition of
47,855 MW already under construction for benefits duB@ 722, committed capacity addition of Nuclear

6,800 MW, Hydro 12,000 MW, RES 1,00,000 MW and likely retirement of 25,572 MW of coal based capacity
during 202227, study results reveals that capacity addition of 46,420 MW is required during the p&2ed 20

27. This capacity addition required during 2622 as shown in the results is in fact the peaking capacity
requirement to be met in the grid. This capacity requirement can be met from any conventional source of energy
but preferably from peaking powelapts like hydro, gas or energy storage devices.

CONCLUSIONS AND RECOMMENDATIONS
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(i) During the period from 20227, the PLF of the thermal plants shall progressively increase and would be
hovering around 61% by 202%57.

(iv) Itis expected that the share of Amssil based installed capacityblear + Hydro + Renewable Sources) will
be increased to 49.3 % by the end of 2@21and will further increase to 57.4% by the end of 2P26
considering capacity addition of 47,855 MW coal based capacity already under construction and likely to yield
berefits during 201722 and 46,420 MW coal based capacity addition required during2022

15.5THERMAL

i) India is now making a transition from power deficit to power surplus scenario.

ii) Avenues of exports of surplus power available in the Indian Gritet GAARC countries need to be vigorously
explored and pursued.

iii) A significant percentage of generating plants in the country is well past their useful life. They also contribute
significantly to environmental pollution. CEA/MoP may undertake periodicalijudy to identify these units
and draw up a time bound action plan for retirement of these inefficient and old units in consultation with the
State Governments/ stakeholders.

iv) Retrofitting of the existing thermal plants for increased ramping capacitpacidng down capacity must be
explored in view of integration of RES.

V) Thermal plant in the vicinity of a city may explore the possibility of using treated sewage water from
municipalities/corporations. Proper assessment of requirement of water by thepteowgrand availability of
treated water from sewage need to be made for this purpose.

Vi) India is now having manufacturing capability of power plants related equipment to the extent of 20,000 MW per
year. With the infusion of high quantum of RES into thiel gthis full capacity may not be utilized by meeting
the internal demand of the country. To ensure full utilization of capacity, the manufacturing companies may
explore the possibility of exporting the equipment to other countries. This shall beeangist wi t h t he AN
I ndiad policy of the Government of I ndia.

vii)  To accommodate high quantum of RES into the grid, thermal plants are likely to run at low PLF in future. Many
plants may get partial/nil schedule of generation. Market mechanisms like gredigices needs to be evolved
through regulatory intervention so that the owners of thermal plants are able to use some of the stranded capacity.

viii)  The electricity grid is undergoing rapid transformation in terms of net load characteristics after accamgmodat
the variability of RES. Conventional power plants must have rapid ramping and backing down capability. It is
proposed that the ramping and backing down characteristics of different categories of conventional generating
units are spelt out in the CEAastdard. A conventional unit should demonstrate its ramping and backing down
capability before it is declared under commercial operation.

ix) To harness the balancing potential of the existing power plants, it is essential to develop market mechanism
through egulatory intervention. The market must provide proper price signal to the potential stakeholders in the
grid to willingly participate in the balancing market.

X) Gas based power stations are best suited after hydro power plants (including PSPs) for providing balancing
requirements of the grid due to integration of RES. Therefore, adequate gas should be made available for effective
utilization of existing gas basestiations.

15.6 FUEL REQUIREMENTS

i) For the year 20118, coal based generation programme of 958 BU has been estimated in consultation of the
power utilities. The total coal requirement of 630 MT for the power plants has been estimated considering
normal monson year during the year 20418.

i) The total coal requirement in the year 2821and 20287 has been estimated as 735 MT (Base case) and 877
MT respectively including imported coal of 50 MT. The coal requirement for the yearZ0ahd 20287
has beerworked out considering 30% reduction in Hydro generation due to failure of monsoon and being
supplemented by coal based generation.

iii) Against a total domestic gas allocated to power projects of 87.05 MMSCMD, total gas supplied to these gas
based power plantfuring the year 20187 was only 29.59 MMSCMD.

iv) It has been estimated that the gas based power stations shall need at2@MMECMD of gas to meet the
balancing and peaking requirement of the grid.

V) The scheme for utilisatioof stranded gas based geatéon capacity introduced by Government of Indigor
two years only. However, a long term policy intervention is required for optimal utilization of gas based
capacity in the country.

CONCLUSIONS AND RECOMMENDATIONS
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vi)  The regasification capacity in the country is also a matter ofecorfor gas based power plants, particularly
for those who are connected with RGTIL EWétst pipeline. Due to technical constraints like directional flows
etc., imported RLNG from west coast cannot be transported to power plants located in the Ed$teCefase,
facility of re-gasification capacity may be suitably created at East coast also.

15.7HYDRO

i)  Even though India is endowed with vast potential of hydro power, the development of hydro power has not
taken place as per the planned capacity additidiact, the % of hydro capacity in the overall Installed capacity
of the country has been registering a steady decline. The hydro development is plagued with many problems
like land acquisition, R&R issues, environmental and forest clearance etc. awedti for capacity addition
in hydro power is felt all the more with the rapid capacity addition in RES. Pumped storage and run of the river
(with pondage) type of hydro power plants are ideal to meet the ramping and balancing requirement of the grid.
In view of this, appropriate measures must be taken to address the problems associated with the hydro power
development in the country.

ii) At present India is having 9 no. of PSPs with a total installed capacity of 4,786 MW. However, of these only 5
no. of PSP &ving IC of 2,600 MW are operational. Others hydro power plants are not working in pumping
mode due to a variety of reasons. The swing available from generation mode to pumping mode and vice versa
in a pumped storage plant is an effective tool in the $iahthe grid operators for grid management. Installation
of more number of PSPs and ensuring that the existing PSPs are capable of running as PSPs, is the need of the
hour. Suitable policy may be framed for encouraging and exploiting pump storagegbatetiie country. It
is proposed that, for the sake of grid stabilization, effective control of operation of these plants by
RLDCs/SLDCs needs to be evolved in consultation with States/Developers/Regulators.

iii) Most hydro power plants have the ability goovide balancing power to manage variability associated with
variable Renewable Energy (Solar and Wind). However, their participation in the above has been lukewarm as
no financial incentive exists today on this account. There is no distinction betwaeamkoffpeak tariff of a
hydro plant. Therefore, suitable price signal needs to be generated to induce voluntary participation of the hydro
plants in balancing requirement of the gifidirther, it is also proposed that infrastructure cost from the hydro
project may be excluded for the purpose of determination of tariff.

15.8 RENEWABLE ENERGY

i) India has achieved a total installed capacity of 57,244.24 MW from Renewable Energy Sources as on 31.3.2017.

i) The countryhasrevised its Renewable Energy capacity tatgel75 GW by 2022 in view of the significant
renewable energy potential in the country.

iii) Accelerated development of RES requires adequate indigenous manufacturing facility for RES related
equipment. Policy framework may be developed to encourage setfingf URES related equipment
manufacturing facility in the country This would be

policy.

15.9KEY INPUTS

i)  Adequate manufacturing facilities exist in India for main plant equipment. However, lack of orders is a concern
of all equipment manufacturers.

i) A joint mechanism may be created under Ministry of Steel with participation from power equipment
manufacturerand steel manufacturers for more information sharing on compositions/properties of various steels
and steel products required and their indigenous development by the steel industry.

iii) An organizational mechanism for information sharing on BoP vendors acdussdries needs to be considered.

Such a mechanism could provide the details on orders in hand, T&P available, past performance etc. This could
be a web based portal under DHI or Ministry of Commerce.

iv) New advanced technologies based BoP systems like Bayttentration Slurry Disposal (HCSD) type ash
disposal systems, closed pipe type conveyors for coal handling plants (CHP), large size Reverse Osmosis systems
also need to be indigenized.

v) ODC movement continues to be a major constraint. Thus, the suggekthanufacturers towards adoption of
standardized maximum axle weight of around 16 MT/axle with no approvals required thereafter, single window
clearance system for ODCs or undertaking a National Bridggragation Programme for upgradation of all
bridges to minimum strength facilitating ODC movements need to be considered to remove the constraints
prevailing in ODC movements.

CONCLUSIONS AND RECOMMENDATIONS
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vi) Inland waterways can become an attractive mode of transportation in conjunction with Railways. The success of
NTPC coal transpeation to Farakka could be replicated across numerous other stations.

vii) The prevailing regasification capacity for LNG in the country stands at about 21 Million metric tons per annum
(MMTPA) T further expansions are being planned by several players. Algmadl 15,000 km, of gas pipelines
are under construction for completion of national Gas grid.

viii) Future Infrastructure Project in railway line, Port development will be done through PPP mode.

ix) Task Force may be created under NTPC with participation fronpegumt manufacturers/EPC contractors and
utilities to examine the issue of pace of project execution in detail and work out an optimized framework of site
preparation, T&P requirements etc. for overall improvement in project execution.

15.10 FUND REQUIREMENTS

) The total fund requirement f or cceopadoringtlye peidd2@0220n i s
which includes the RES capacity addition, as well as the expenditureddang this period for the projects
coming up in the year 20227.

i) The tot al fund requi r e me ororesforghe pesidd i20827 arddloes rmt inclede 9,5
advance action for projects coming up during the period 2022032

15.11 ENVIRONMENT

i) The total CQ emissions projected for the year 2624 and 20287 is 1026 Million Tonnes and 1173 Million
Tonnes respectively.

i) The average emission factor from grid connected power stations duringl@0&&s 0.721 kg C&ZkWh. It is
expected to reduce to 0.604 kg £Vh in the year 20222 and to 0.524 kg CZkWh by the end of 202@&7.

iii) Emission intensity kgC® GDP ( ) from grid connected power statio
of 202122 and 53.65 % by the end of 2626 from the year 2005 level.

iv) Itis estimated that 20.69 Million Tonnes of g&Missions have been avoided by 31.03.2017 due to commissioning
of Supercritical technology based coal power plants-&gs the scenario of only subcritical units had been
commissioned.

v) It is estimated thaabout 268 Million Tonnes of CQOemission will be avoided annually by the end of the year
202122 from renewable energy sources.

vi) Country has achieved 60.97% of fly ash utilisation in the years-201B terms of absolute value, the same stands
at 107.77million tonnes

vii)Detailed unitwise feasibility study covering all factors like technology, investment, time frame, suitability in Indian

context etc. may be carried out.

15.12 R & D in POWER SECTOR

There are many problems in Indian powector which are specific to Indian conditions. Through promotion of

R&D, these specific problem areas need to be addressed. It is suggested that CEA may act as an interface between
Industry and academics for this purpose. An advisory group may be cleapedmotion of R&D activities in the

country with a permanent cell at CEA. The advisory group may have members drawn from Government, Dominant
players in the field of Generation, Transmission and Distribution sectors like NTPC, NHPC, BHEL, Powergrid,
CESC etc., Research institutions like CPRI and Academic Institutions like 11ISc/lITs/ NITs.

15.13 HUMAN RESOURCE

i) Sufficient number of Engineers, Managers and Diploma holders are available in the country. However, there
are gaps in respect of lower level skillke that of ITI.

ii) It is proposed that all Central Sector Utilities, all State Sector Utilities and all IPPs should create sufficient
Training infrastructure as per the norms stipulated in notification of September 2010 issued by CEA.

iii) CEA has recognized aht 74 Training Institutes spread all across the country. These institutes may be
strengthened for Distribution/Lineman training along with training in renewable sector such as solar, wind etc.

iv) As per National Training Policy of MoP all organizations need to allocate training budget at least equal to 5%

of salary budget exclusively fédundingtraining activities

CONCLUSIONS AND RECOMMENDATIONS
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