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Reactive Power Planning for RE Evacuation in
India 2026: Costs, Compliance, Grid Readiness

By Sudarshan Karweer - 01 September 2026 - growthifye.com

A practitioner guide to reactive power planning for RE evacuation in India 2026: grid code compliance,
sizing, costs, studies and lender risks.

India’s renewable build-out is now running into a familiar bottleneck: not just transmission capacity, but
voltage control. For solar, wind and hybrid projects seeking evacuation in 2026, reactive power planning has
become a front-end bankability issue rather than a commissioning-stage technicality. Developers that
under-scope VAR support often discover the problem during connectivity studies, owner’s engineer review,
protection coordination, or trial operation, when fixes are slower and costlier.

This matters across ISTS and state networks. As inverter-based resources increase on weak buses, system
operators are asking tougher questions on dynamic voltage support, power factor operation, fault
ride-through behaviour, and post-contingency voltage recovery. The result is simple: if a project’s reactive
power philosophy is not aligned with CTU/STU expectations, CEA technical standards, and practical grid
conditions at the pooling point, evacuation risk rises materially.

This article looks at reactive power planning for renewable evacuation in India in 2026: what it means, how
developers should size and sequence equipment, what cost ranges to budget, and where lenders and
offtakers should focus diligence.

Why reactive power planning is now a first-order project risk

In the past, many developers treated reactive power as an EPC package detail to be optimised after land,
modules, turbines and transmission route were substantially fixed. That approach is increasingly failing for
three reasons.

First, renewable projects are connecting into buses that may already be electrically stressed during high
generation, low demand, or contingency conditions. Long EHV lines, lightly loaded corridors, cable-heavy
collector systems and large inverter blocks can produce overvoltage at some hours and voltage depression
at others.

Second, connectivity approvals increasingly depend on system-level behaviour, not just nameplate capacity.
A project may have sanctioned connectivity in MW, but actual evacuation reliability depends on whether it
can hold voltage within permissible limits across operating scenarios.

Third, financiers have become more sensitive to hidden capex and delayed COD risk. If additional reactors,
capacitor banks, dynamic VAR equipment, tap range changes, or protection modifications are required after
detailed studies, the capex increase can be meaningful, and schedule impact can exceed one quarter.

For a 100 MWac solar project, a late-stage reactive compensation redesign can easily add Rs 3 crore to Rs
12 crore depending on grid strength, bay scope, bus voltage level, and whether dynamic compensation is
needed. For 250 MW to 500 MW hybrid or wind projects, the impact can be much larger if substation
redesign or additional transformers are triggered.

What the 2026 compliance environment looks like in India
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The compliance framework is not one single rulebook. Developers need to read reactive power obligations
through multiple layers of regulation, technical standards and utility practice.

At a practical level, the following drive project requirements in 2026:

» CEA technical standards on connectivity to the grid

» CEA standards for construction of electrical plants and electric lines

« Indian Electricity Grid Code and related operational requirements as implemented by grid operators
e CTU/STU connectivity procedures and study observations

« Utility-specific conditions in bay allotment, connection agreements and approval letters

e OEM inverter and wind turbine capability curves, including derating implications

» PPA or supply contract provisions where scheduling, deemed generation, or curtailment disputes may
turn on technical compliance

On many new projects, the headline requirement seen by developers is operation around a prescribed power
factor range at the interconnection point, often supported by voltage regulation capability and fast reactive
response. But the real challenge is not the headline PF number. It is maintaining compliance under changing
active power output, transformer tap positions, N-1 system conditions, line charging effects and seasonal grid
configurations.

That is why early [Power system studies](/coreservices/transmissionengineering/powersystemstudies) are
not optional. Load flow, short circuit, dynamic studies, harmonic assessment and controller tuning review
should be done before finalising the substation single-line philosophy and major equipment procurement.

Where projects typically get reactive power planning wrong
Most failures are not due to ignorance of theory. They come from sequencing mistakes and commercial
shortcuts.

Common mistakes include:

» Assuming inverter nameplate VAR capability will fully solve interconnection needs

« Ignoring the difference between plant-level capability and net capability at the grid interconnection point
» Not accounting for transformer reactive consumption and line/cable charging

» Sizing compensation only for full-generation conditions, not low-load or night-time voltage control

» Treating hybrid projects as simple sum-of-parts designs without coordinated plant controller logic

* Finalising transformer impedance, MVA rating and tap philosophy too late

» Underestimating harmonic interaction after adding capacitor banks or reactors

» Procuring compensation equipment before utility study comments are frozen

In solar plants, developers often assume central or string inverters providing reactive support down to low
loading will eliminate the need for fixed or switched equipment. In practice, this may not be enough at the 220
kV or 400 kV interconnection point once transformer and line effects are included.

In wind projects, especially across weak grids, dynamic performance matters more than static MVAr
arithmetic. If post-fault voltage recovery or control coordination is poor, the project may face repeated
observations during commissioning tests even when installed equipment appears adequate on paper.
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Hybrid and RTC-oriented projects face the toughest problem. Because the operating profile spans daytime
solar peaks, evening battery dispatch, variable wind output and sometimes night-time charging, the reactive
power envelope becomes multidimensional. A design that is acceptable for one operating block can create
overvoltage or insufficient dynamic margin in another.

How to size reactive power support in practice

Reactive power planning should begin at the point of interconnection and work backward toward plant
equipment. The central question is not “how many MVAr should we install?” but “what voltage and power
factor performance must the project reliably deliver at the grid boundary under credible operating scenarios?”

A practical workflow in 2026 should include:
» Define the interconnection point voltage level, sanctioned capacity, line length, conductor/cable

arrangement and substation topology

 Establish expected operating cases: peak export, partial export, minimum export, charging/import mode
if BESS exists, high-grid-voltage and low-grid-voltage conditions

» Model transformer MVA, impedance, magnetising characteristics and OLTC/tap strategy

» Model collector network, cable charging, shunt elements and line reactors if relevant
 Extract actual OEM capability curves for inverters, WTGs and plant controller response

» Test N-1 and outage scenarios that utilities are likely to examine

» Check steady-state voltage limits, PF compliance, dynamic response and harmonic impacts

Typical compensation building blocks include:

* Inverter- or WTG-based reactive support
* Fixed capacitor banks at MV level
» Switched capacitor banks at pooling or grid substation

» Shunt reactors to control overvoltage on long EHV lines or cable-rich systems

OLTC optimisation on GSU/ICT transformers
» Dynamic devices where system strength or fast voltage support requirements justify them

Even where no standalone dynamic VAR device is planned, plant controller tuning and coordinated control
logic are essential. Poor control hierarchy between inverters, capacitor steps and OLTC actions can create
hunting, unnecessary switching and nuisance alarms.

As a rough market view for 2026, fixed or switched compensation at project level may fall in these broad
ranges, excluding major land and civil abnormalities:

» 33 kV capacitor bank systems: about Rs 25 lakh to Rs 45 lakh per 10 MVAr depending on switching and
protection scope

» 220 kV shunt reactor packages: often Rs 3 crore to Rs 7 crore depending on MVAr rating and bay
integration

» Additional EHV bay modifications and control/protection integration: roughly Rs 1.5 crore to Rs 5 crore
depending on existing substation readiness

» Plant controller and reactive control integration upgrades: often Rs 30 lakh to Rs 1.5 crore depending on
OEM mix and testing scope
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These are directional budgeting numbers, not bid values. Final cost depends heavily on voltage class, make,
harmonic filters if any, civil works, bay availability, relay architecture and schedule compression.

Reactive power economics: hidden cost versus avoided loss
Developers often resist early reactive capex because it does not directly increase annual kwWh output. That is
the wrong lens. The correct comparison is between preventive capex and avoided project loss.

The losses avoided can include:

» Connectivity approval delay and carrying cost on equity/debt

e COD slippage and PPA milestone exposure

* Curtailment linked to local voltage constraints

* Inverter or WTG derating when active/reactive dispatch priorities clash
» Extra losses due to suboptimal voltage profile

* Repeat site testing, retuning and OEM mobilisation costs

» Weaker lender confidence and tighter reserve requirements

For C&l supply portfolios, especially open access and group captive structures, reactive non-compliance can
indirectly affect commercial reliability. If the project repeatedly faces evacuation limits or must run at
constrained active output to maintain grid voltage, delivered energy profile and contractual performance can
suffer.

For utilities and policymakers, the broader point is system efficiency. Poorly planned project-level VAR
support pushes the cost of voltage management upstream into the network, increasing
congestion-management complexity and reducing effective hosting capacity of renewable corridors.

What lenders, utilities and offtakers should check in diligence
Technical due diligence in 2026 should go beyond “compensation equipment included” and ask whether the
reactive power philosophy is credible, tested and contractually anchored.

Key diligence questions include:

 Are interconnection-point PF and voltage obligations clearly documented?

» Have the studies been done on accepted base cases, and are assumptions traceable?

* Is the final design dependent on future utility augmentation that is not yet commissioned?

» Do OEM capability curves support the promised active output without hidden derating?

* Is there sufficient margin for seasonal grid changes and N-1 conditions?

» Have harmonics and resonance risks been assessed after adding compensation equipment?
 Are control and protection schemes coordinated across plant and grid substation?

« Is there a defined test protocol for demonstrating compliance at site?

This is where integrated engineering matters. A project can have adequate primary equipment but still fail in
implementation if substation design, relay logic, plant controller settings and SCADA telemetry are not
aligned. Growthifye’s capabilities in [HV/IEHV substation
design](/coreservices/transmissionengineering/hvehvsubstationdesign) and  [Protection, control &
SCADA](/coreservices/transmissionengineering/protectioncontrolandscada) become especially relevant
where multiple OEMs and utility interfaces must be stitched into one compliant operating scheme.
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A practical execution strategy for developers in 2026
A robust reactive power plan should be locked before major procurement, not after material dispatch begins.
The recommended sequence is straightforward.

 Start grid studies early, ideally alongside land and evacuation option selection

» Freeze the interconnection philosophy before issuing EPC technical schedules

» Use OEM-specific capability data, not generic brochure assumptions

» Budget contingency for utility-driven changes at detailed engineering stage

 Align transformer taps, compensation steps and plant controller logic as one package

* Include compliance testing methodology in vendor scope

» Revalidate studies if transmission route, GSU size, inverter model or BESS configuration changes

For large solar, wind and hybrid projects, it is increasingly useful to appoint an independent advisor to review
the utility comments, EPC assumptions and OEM limits before financial close. The cost of that review is
usually marginal versus the downside of discovering reactive shortfall after substation erection.

Developers should also watch the interaction between reactive support and future network evolution. A
system that is acceptable at first energisation may need retuning once nearby renewable capacity is added, a
parallel line is commissioned, or a new ICT changes fault level and voltage sensitivity. Building some
flexibility into compensation stages and controller settings is therefore prudent.

In short, reactive power planning is now part of mainstream project development in India’s renewable
transmission ecosystem. It affects connectivity, grid-code compliance, capex certainty, lender comfort and
operational yield. The projects that manage it well are treating VAR strategy as a design-and-approval
workstream from day one, not as a late corrective action.

The 2026 takeaway for India’s RE market

As India scales solar, wind, hybrid and storage-linked capacity across ISTS and state networks, the quality of
voltage control at project interfaces will shape how much renewable energy the grid can absorb reliably.
Reactive power planning is therefore not a niche engineering detail. It is a practical lever for faster approvals,
lower curtailment risk, stronger commissioning outcomes and better bankability.

For developers, the message is clear: size for the real grid, not for brochure assumptions. For lenders, check
whether the reactive philosophy survives stressed operating cases. For utilities, push for standardised study
assumptions and test protocols that reduce rework across projects.

If you are evaluating evacuation strategy, compensation sizing, interconnection risk or transmission-side due
diligence for a renewable project, contact Growthifye’s advisory desk for a practical review tailored to your
project and grid conditions.

Explore Growthifye's related capabilities

This analysis connects directly to our advisory practice: [Power system
studies](/coreservices/transmissionengineering/powersystemstudies) . [HVIEHV substation
design](/coreservices/transmissionengineering/hvehvsubstationdesign) : [Transmission line

engineering](/coreservices/transmissionengineering/transmissionlineengineering) - [Protection, control &
SCADA](/coreservices/transmissionengineering/protectioncontrolandscada).
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