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N-2, SPS and Grid Security for RE Transmission in
India 2026

By Sudarshan Karweer - 25 August 2026 - growthifye.com

A practical 2026 guide to N-2 planning, SPS, congestion relief and secure RE evacuation across ISTS
and state grids in India.

India’s renewable build-out is no longer limited by generation ambition alone; it is increasingly constrained by
transmission security standards under high variable renewable energy penetration. For developers, C&l
consumers sourcing open access power, lenders, state utilities and policymakers, the 2026 question is not
only whether evacuation exists, but whether evacuation remains secure under multiple contingencies,
seasonal reversals and renewable surges. That is where N-2 planning, Special Protection Schemes (SPS),
Remedial Action Schemes (RAS), dynamic line ratings, and congestion-management design become
commercially material.

This article focuses on a different angle from standard connectivity or grid-code discussions: how
transmission-security criteria are changing renewable project economics in India in 2026, especially on ISTS
corridors, renewable-rich state networks, and inter-regional transfers. It also explains why developers now
need to understand contingency philosophy, not just sanctioned bays and approved studies.

Why transmission security is the real RE bottleneck in 2026

India added renewable capacity at a pace that has outstripped the upgrade cycle of many 220 kV, 400 kV
and even select 765 kV corridors. In states with heavy solar and wind concentration such as Rajasthan,
Guijarat, Karnataka, Tamil Nadu and Andhra Pradesh, the challenge is no longer only first-mile evacuation
from project switchyards to pooling substations. The bigger issue is how the wider network behaves when
one or more key elements trip during peak generation or high import-export conditions.

Traditionally, many projects assessed evacuation viability based on:

 connectivity grant or approval

« available transformer capacity at pooling or transmission substations

¢ line loading under base-case studies

 standard N-1 contingency acceptance
In 2026, that is often insufficient. Regional and state load dispatch scrutiny has become sharper because
renewable corridors can see simultaneous stress from:

* high noon solar injections causing reverse power flows

* monsoon wind peaks coinciding with lower local demand

» outage overlap during planned maintenance seasons

» sudden generation ramps from cloud movement or wind speed changes

» weak short-circuit levels in remote RE zones

 import dependency of urban load centres on a limited set of transmission paths

A project may have formal connectivity and still face practical evacuation constraints if credible contingencies
create overloads, voltage excursions, angular instability concerns or curtailment exposure. For lenders, this
translates directly into PLF/PY assumptions, deemed generation risk, payment security assessment and

© Growthifye - Vriddhim Business Advisory LLP - info@growthifye.com - +91 99676 45323 Page 1



G ROWTH I FY E growthifye.com/insights

THOUGHT LEADERSHIP - BUILD . GROW . SUSTAIN 2026-08-25

DSCR sensitivity.

Understanding N-1 versus N-2 for renewable evacuation

Most project teams are familiar with N-1: the system should survive the loss of one critical element such as a
line, ICT or reactor without unacceptable violations. But in several high-priority renewable corridors, planners
and system operators are increasingly examining N-2 or near-N-2 resilience, especially where the loss of one
element can make another parallel element vulnerable within seconds or minutes.

In practical Indian transmission planning, N-2 does not mean every corridor is physically built to withstand
any two arbitrary outages with zero operational intervention. Rather, it means planners evaluate whether the
loss of two related elements, or a first outage followed by another stressed event, could create severe
consequences that justify network augmentation, sectionalisation, generation control logic or SPS
deployment.

Examples where N-2 thinking matters in 2026 include:

 twin 400 kV evacuation lines from a large renewable pooling station to the same downstream node

a 765/400 kV transformation bottleneck serving multiple RE injections
 a corridor where one line outage shifts loading above 120% on surviving lines during high RE output

* RE zones whose evacuation depends on one pooling substation plus one common downstream trunk
path

* interstate transfers where a regional corridor is already operating near transfer capability limits
For developers, the key commercial insight is this: if your evacuation relies on a corridor that is technically
available in base case but insecure under credible double stress, you can face hidden costs later through:

» generation backing down instructions

 requirements for additional dynamic reactive support or controls

» delayed commissioning until a downstream element is completed

« forced sharing of curtailment among connected generators

* revised assumptions in power purchase negotiations

This is especially relevant for utility-scale solar, wind-solar hybrid and hybrid-plus-storage projects seeking
firm or high-availability scheduling profiles.

SPS and RAS: the hidden control layer behind renewable transmission

As corridor reinforcement timelines lag generation additions, India is using Special Protection Schemes and
Remedial Action Schemes more actively. These are automated control actions triggered by pre-defined
system events to preserve grid security. In renewable-heavy networks, SPS can be a bridge between
immediate operational reality and longer-gestation transmission strengthening.

Typical SPS/RAS actions include:

* tripping or runback of specified generation blocks after contingency detection

controlled separation of network sections under severe faults

 switching in reactors or capacitors under voltage stress conditions

automatic load relief or generation reduction in pre-agreed sequences

» arming logic linked to corridor loading, breaker status or frequency thresholds
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For RE developers, SPS is commercially double-edged.

On one hand, an SPS-enabled corridor may permit earlier connectivity or higher temporary utilisation than
the network would otherwise support. That can save 6 to 18 months compared with waiting for a major line or
substation augmentation.

On the other hand, if the SPS logic includes generator runback or tripping obligations, then actual energy
delivery can be lower than modelled yield. This becomes critical for projects bidding aggressive tariffs or tight
merchant structures.

In 2026, advisory and lender due diligence should ask these questions explicitly:

* Is the evacuation path dependent on an SPS or RAS?

* Who owns and maintains the SPS hardware and telecom channels?

» What is the tested reliability of the scheme?

» What generation blocks are armed for runback or tripping?

* Are there compensation provisions for backing down under such schemes?
» Has the project P50/P90 net export assumption included SPS events?

A 300 MW solar project losing even 1.5% annual export due to congestion-linked runback at an assumed
realised tariff of Rs 2.90 per kWh implies revenue impact of roughly Rs 11.7 crore per year if annual
generation is around 680 million units before curtailment. For hybrid and merchant structures, the opportunity
cost may be higher during peak price windows.

Where congestion is showing up across ISTS and state networks

By 2026, congestion risk is not uniform. It clusters around renewable concentration zones and around
interfaces between generation-rich states and demand centres. The technical issue is often not that
transmission has not been built at all, but that sequencing, redundancy and downstream absorption are
mismatched.

Common stress patterns include:
» Rajasthan and = m m mm m -0rigin solar exports straining west-north interfaces during high irradiation
hours

» wind-heavy southern injections causing corridor loading and voltage management issues in monsoon
months

» pooling substations commissioned ahead of all associated downstream strengthening packages

« state transmission systems unable to absorb intrastate renewable surpluses despite nearby interstate
transfer demand

» urban demand pockets dependent on a few 400/220 kV transformation nodes

For C&I buyers using open access, this matters even if they are not transmission owners. Congestion and
curtailment in the seller’s state, or on shared corridors, can change effective supply reliability and balancing
costs. A contracted solar-wind hybrid may look cheaper on levelised tariff, but if monthly scheduling
deviations and curtailment create higher market purchases, the all-in landed cost can exceed a more secure
supply option.

Utilities and regulators are therefore placing more attention on:

e corridor-wise utilisation factors
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» seasonal transfer capability reviews
 outage coordination discipline
 operational limits under high inverter-based resource penetration

 protection coordination and substation automation readiness

What developers and lenders should check before FID

Transmission risk assessment should now be a separate workstream before financial close, not a paragraph
inside the connectivity section of a due diligence report. A practical 2026 checklist should include the
following.

» Evacuation path mapping beyond the first substation

« Identify the full path from project switchyard to final load absorption or interconnection interface,
including shared lines, ICTs and downstream bottlenecks.

 Contingency-specific loading review

» Ask for line and transformer loadings in base case, N-1 and severe contingency cases during peak RE
injection and low-demand conditions.

* SPS/RAS dependency review

» Confirm whether export capability is conditional on special schemes and whether those schemes
impose generation reduction.

» Outage overlap sensitivity

» Review what happens during annual maintenance windows, especially before monsoon and after
monsoon periods.

 Curtailment history in the zone

» Even when official curtailment data is fragmented, operational history from SLDC/RLDC notices,
generator associations and comparable projects can reveal actual export constraints.

* Voltage and short-circuit strength assessment

» Weak grids with high inverter share may need additional STATCOM, SVC, synchronous condenser
support or stricter plant controller settings.

e Commercial pass-through clarity

e EPC and TSA-related transmission augmentation delays should be contractually reflected in COD relief,
liquidated damages exceptions and force majeure drafting where relevant.

For lenders, these checks are as important as irradiation, wind resource and offtaker payment security. A
project can have a top-tier sponsor and still underperform if the evacuation corridor is structurally fragile.

Cost and timeline implications of security-driven transmission upgrades
Security-oriented transmission upgrades are often underestimated because developers focus only on
connectivity capex at the terminal bay or dedicated line level. In reality, downstream strengthening can
materially affect project schedules and viability.

Indicative 2026 cost ranges seen in the market, subject to terrain, specifications and procurement route, are
broadly:

e 220 kV D/C transmission line: around Rs 2.5 crore to Rs 4.5 crore per ckm equivalent in
difficult-adjusted project terms
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* 400 kV D/C transmission line: around Rs 4.5 crore to Rs 7.5 crore per ckm equivalent
» 765 KV line packages: materially higher depending on conductor configuration and RoW complexity

* 400/220 kV substation augmentation with ICT and bays: often tens to low hundreds of crore depending
on scope

» STATCOM-class dynamic support packages: can run from roughly Rs 60 crore to over Rs 150 crore
depending on Mvar rating and integration scope

» SPS/RAS and associated telecom, relays, integration and testing: lower than major line capex, but
crucial and often schedule-critical

The bigger issue is timeline. A runback-based SPS may be deployable in months. A new 400 kV or 765 kV
downstream strengthening package can take 18 to 36 months, and longer if forest clearances, RoW
disputes, import dependencies or court matters arise. This gap is exactly why projects with nominally
available evacuation can still face commercial deferral.

Developers should therefore classify evacuation solutions into three buckets:

* immediately firm and secure
* available but operationally constrained
 contingent on future network reinforcement

These categories should influence tariff bidding, COD commitments, debt sizing and merchant exposure
assumptions.

Policy and market implications for India’s RE scale-up
India’s 2026 transmission conversation is moving from simple capacity addition to secure flexibility. That has
three policy implications.

First, planning must integrate generation sequencing with corridor security, not just ultimate-capacity maps.
Publishing corridor readiness in more granular stages would reduce speculative assumptions by developers.

Second, congestion-management rules need more transparency. If renewable generators are subject to
runback, pro-rata curtailment or SPS-triggered tripping, the commercial treatment should be predictable and
consistently documented across ISTS and state systems.

Third, storage and flexible demand should be valued as transmission-security resources, not only
energy-balancing tools. Well-sited BESS can reduce corridor stress, absorb noon surpluses and improve
post-contingency stability support, especially where building a new line is slower than deploying flexibility.

For policymakers, the message is clear: megawatts connected are not the same as megawatts securely
deliverable. For utilities, secure operation under inverter-dominant conditions requires stronger forecasting,
protection modernisation and operational automation. For C&l consumers and developers, cheap energy is
only useful if the grid can carry it reliably when it is generated.

In 2026, the winners in renewable transmission are not just those who secure connectivity first. They are the
ones who understand contingency behaviour, downstream bottlenecks, and the control schemes that
increasingly define real evacuation availability.

If you are evaluating an RE project, open access sourcing plan, transmission package or lender due
diligence case, contact Growthifye's advisory desk for practical support on grid security assessment,
evacuation strategy, transmission risk review and bankable implementation planning.
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