Executive Summary

The Nuclear Imperative

India aspires to become a USD 30 !
trillion economy with a per-capita Nuclear Power will be a key 'T'
income of USD 18,000-20,000 by the player in the energy 131
year 2047. During this period, transition ——

economy is expected to have very
high and sustainable growth rate
(= 9%). India has announced its v
mission of net-zero by 2070. It is
envisaged that more than 80% of | v One of the lowest life cycle carbon
electricity installed capacity and about
2/3rd of electricity generation in 2047
will be met from non-fossil fuel | v Can contribute in de-carbonisation of hard-

sources. Renewable Energy Sources . . .
will play a significant role in meeting to-abate industries requiring steady power

the climate commitments of the |, cap also serve non-electric applications like
country. However, the issues of

Nuclear plants are base Load plants

emissions amongst energy sources

managing intermittency, developing hydrogen production, process steam and
cost effective energy storage,
manufacturing of components and
access to critical minerals will become
increasingly pressing.

Target of 100 GW Nuclear Capacity by 2047: The Road Map

100.65

desalination

GW. The goal to reach 100 GW _—
by 2047 calls for more than 10
times expansion of the existing

capacity in 22 years’ time or an 4030

average capacity addition of E

approximately 4.14 GW per
year. With the country’s proven el
research, engineering and
execution capabilities, the goal is
achievable. Considering the
relevant factors, the Committee
has arrived at a possible road
map. However, the road ahead is
challenging and action on
several fronts will be required to hex
clear the path ahead.
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Suggested Strategies for Rector Technologies

v 3 stage nuclear programme to continue to utilize domestic thorium reserve

v PHWR technology to continue as the mainstay for nuclear capacity addition in
next decade

Adoption of PWR technology need to be expedited

Adoption and indigenization of imported reactor technologies

Adoption of technologies and fuel which can hasten utilization of thorium
Large reactors for grid applications, small reactors for captive use

Future reactor designs should support flexible operation

Challenges and Way Forward

1. Enabling greater participation and engagement

The Atomic Energy Act, 1962 currently does not allow participation of private sector or
even state governments. Substantial technical and financial resources will be required for
accelerated deployment of 100 GW of nuclear capacity by 2047. The private sector has
abundant capital, and inherent efficiency in timely construction and innovation adaption.
Further, suppliers and potential operators are apprehensive about some of the provision
of the CLND Act, 2010 due to uncertainty about extent of liability.
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Suggested Amendments — Atomic Energy Act
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Suggested Amendments — CLND Act

v Restricting Liability of the Supplier: Liability of supplier should be
capped and reflected in contract between supplier and operator
v Section 46 Rewording: There should be no civil liability under any

\ other law
\ v' Definition of Supplier: To focus exclusively on providers of
a critical equipment
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2. Reducing Project timelines

The entire process of setting up a nuclear power plant starts with in - principle consent of
the concerned State Government, where nuclear power plant is to be located. The time
required after consent from State Government culminating into first pour of concrete is
about 5 7% to 6 years. Total time required for construction of nuclear power plant is about
11 to 12 years, which is very high. The process can be made faster by fast-tracking pre-
project activities, land acquisition issues, quality assurance issues during construction and
AERB process.

Possible Strategies

Expediting Project Timelines

aR Pre-projec
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Air cooled condensers
Reduce exclusion zone

Operator and
technology

3. Improving Public perception

Highest priority is accorded

to safety in all aspects of Community Engagement Strategy
nuclear power viz. siting, hciestidie.

design, construction, Government Approach [:j

commissioning, and Departments to use social

operation. Risks of nuclear | a2 ‘o comvey safely of
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4.1 Controlling Capital Cost and Tariff

At present the cost of PHWR reactors is around 15-16 Crores/Megawatt which

translates to a levelized tariff slightly higher than ¥ 6.00 per kWh as per norms
recommended to DAE (excluding water and insurance charges - approx. 15 paisa per
kWh). If substantial manufacturing of equipment is indigenized, the capital cost of PWR
may come down from presently estimated around 30 Crore per MW to about ¥ 22-25

crore per MW, translating to a levelized tariff of ¥ 6.00 — 6.60 per kWh (excluding water
charges and insurance charges). However, delay in project execution can increase IDC
and capital cost. Concerted efforts will be required to bring down the capital cost and
tariff.

[Financial Strategies
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4.2 Financing Strategies
The Committee estimates that the -
incremental investment required to | Strengthen NPCIL's N\
achieve 100 GW capacity based on | [/ 1“ Financial Resources
anticipated capacity mix willbe ofthe | || - [ Relaxationin dividend pay-out
3 | | =0l - Securitization of revenue |
order of _ 19 lakh crore. At present, | | \_ /- Tie-up with PSUs and Private
the equity component for NPCIL | \ "  sector e

projects is met through budgetary

support from the Government and P
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5. Managing the supply of nuclear fuel

The Committee estimated that in Possible Strategies
2047, India will need additional
8029 tonnes of natural uranium Newer Fuel Designs- /> Enhancing

N\
HALEU fuels ( {Op

and 1045 tonnes of enriched
uranium  annually.  Currently, i IVERR7EEN N oy
Uranium requirement for 2.4 GW | vranum enchment (4171 L8] G
is met from domestic sources and — T =\
rest is imported. Thus, to meet the . Y i ’
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processing and fabrication

capabilities.

6. Scaling up Production of Heavy Water

India is recognized as the world's largest producer of
heavy water, a critical component for PHWRs. Heavy | vv Enhance Manpower in

water is used as both moderator and coolantin PHWRs. Heavy Water Board
The present production capacity is sufficient to meet the (HWB)
current demand, however, expansion of capacity would | v* Additional financial

be required to meet the expected PHWR additions. The resources to HWB
Committee estimated that the additional requirement will | v Consider

peak at about 6400 tonnes in 2039-40 as per road map. Corporatization of Heavy
Water Board

7. Spent Fuel Handling and Decommissioning

The spent fuel contains U-235 in slightly reduced concentration and other isotopes of
uranium, plutonium and fission products, and a wide range of lanthanides and other
elements. Used fuel must ultimately either be reprocessed to recycle most of it, or
prepared for permanent disposal. Reprocessing enables recycling of the uranium and
plutonium into fresh fuel, and produces a significantly reduced amount of waste. The
annual spent fuel accumulation would be equal to estimated annual fuel requirement.
Government will have a substantial role to play in managing the back-end of the fuel
cycle. As India embarks on the journey to expand its capacity, there is need to address
several challenges relating to back-end management of fuel- including reprocessing of
spent fuel and waste management as also decommissioning after useful life of the plant.
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Operator Responsibility
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Fuel Reprocessing Decommissioning Polic

Reprocessing spent fuel A decommissioning policy

. N A corpus fund to be built Waste management to be
should continue as policy. needs to be framed

for decommissioning. operator's responsibility.
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8. Creation of a “Design and Site Support Agency”

Currently, the implementation of PHWR technology-based NPPs is being
undertaken by the NPCIL. This technology is totally indigenous and would be a prime
candidate for adoption by other PSUs and Private Sector entities. However, NPCIL
having in its own pipeline expansion plans may find it difficult to hand hold all the
new entrants interested in setting up PHWR plants. Therefore, there is a compelling
requirement for a dedicated and independent entity to provide technical support to
other Utilities, PSUs, and Private Independent Power Producers (IPPs) for PHWR
technology and other indigenous technologies as and when they reach the stage of
commercial deployment.

An independent Broad roles:

,a,gzgfgyn and S':'?; »  Design & Engineering
Support” under »  Support in Construction
DAE - with »  Support in Commissioning
experts from »  Operation support

BARC, IGCAR >  Regulatory Interface

and other units.

9. Nuclear workforce of Tomorrow

For achieving 100 GW by 2047, large work force will be required with education and
training in engineering and to some extent in nuclear science. The Committee has
estimated that in 2047, the manpower required will be about 61,000 for operation of
NPPs. The peak manpower requirement for construction will be about 1,20,000 in
2041, and for plant design activities will be about 5,500 in 2039. The training
institutions under DAE can at present train only 100 and 1200 personnel per annum
for design and operation respectively. Recruiting such large number of the personnel
with technical and scientific knowledge and training them will be a challenge.

Workforce Development Strategy

Augment Training Certify Training Offer Specialized Implement Retention Re-orient Senior
Facilities Institutes Courses Measures Management

@ © ® & ©
@ ® @ @

Start New Training Attract Talent Develop Specla[ized Ensure Sufficient
Institutes Inspectors
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10. Strengthening the Supply Chain

Nuclear power projects require highly specialized, complex equipment, which in turn
demands advanced manufacturing tools and skills. Due to high complexity in
manufacturing and stringent norms, very limited domestic vendors are presently
available for supply of equipment and execution of contracts. The vendor capabilities
are limited to mainly PHWR technology. Thus, strengthening the supply chain and
development of vendor eco-system will be a critical.

Strategies for Strengthening Supply Chain

Vendor

Order Visibility Critical Materials Development

Order continuity and
visibility for a longer
period.

Manage essential
resource availability.

Support vendor base
growth by hand-holding

Empanel Vendors Quality Technology
For critical Procurement Indigenization
equipment- with Adopt QCBS. Progressive Domestic
price Variation Manufacturing.
formula

11. Navigating Insurance Requirements

The Indian Nuclear Insurance Pool (INIP), managed by the General Insurance
Corporation of India (GIC Re), offers a floater insurance policy tailored to meet the
liability requirements stipulated by the CLND Act, 2010. NPCIL, is the only nuclear
operator in the country at present. Though the probability of a nuclear incident is
very low, INIP should be ready to take care of any claims arising out of
single/multiple nuclear incidents in a year. At present, pay out from INIP will be

limited to Z 1500 crore. With multiple operators there will be need for augmentation
of present capacity of INIP. At present, property insurance for nuclear installations
is made available for assets which are in cold zone (outside nuclear reactor zone)
and no property insurance is available for hot zone assets (assets within nuclear
reactor zone). Property insurance of hot zone assets will be required, so that private
operator can transfer their risk to insurance companies. Lenders will also be more
comfortable when there is insurance for hot zone also.

Possible strategies for managing Insurance Requirements
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; i Nuclear Risk Insurance
Policy Change Capacity -
y g Pool Increase Responsibility Insurance  Coverage for Hot Zone
Start with floater Assignment Bond Multi-tier-
policy per operator, Rope in more Insurance (i) Operators pool
then graduate to Companies, , explore Assign an operator Explore possibility of (ii) Indian msuranc? &
{rdacis Boua support from for the Pool insurance SEinBGEANG S sanil

policy international reinsurers bond like Catastrophe
and international Bonds
nuclear pools

(iii) support from pools
abroad
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