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Performance Optimization and Return on Investment in 

Renewable Energy Assets 
 

 

Deepak Sharma 

Deepak Sharma wrote and put together this white paper as a straightforward technical and financial 

reference on how solar, wind, and battery storage projects perform and what it takes to get a good return 

on them. 

 

 

Abstract—Solar, wind, and battery storage (BESS) 

projects are built to run for 15 to 25 years, so how well 

you look after them day to day makes a real difference to 

what they actually earn. This paper walks through the 

numbers that matter for each of these three technologies 
the key performance indicators (KPIs) and the formulas 

behind them, the main reasons plants lose output, and a 

simple way to work out ROI using payback period, 

LCOE, NPV, and IRR. It also lays out a practical 

maintenance plan covering what to check daily, monthly, 

and yearly. All the examples use realistic Indian project 

numbers so the math is easy to follow. The short version: 

keeping a close eye on KPIs and running a proper 

maintenance program usually adds 2–10% more energy 

output, helps equipment last longer, and improves the 

returns on the whole portfolio. 

 

I. ROI FRAMEWORK HOW TO CALCULATE 

RETURN ON INVESTMENT 

 

Before getting into Solar, Wind, and BESS one by one, 

let's cover the basic money formulas you'll use to judge 

any renewable energy project. The same five metrics 

work for all three technologies you just plug in 

different numbers for capex, revenue, running costs, 

and asset life. 

 

1.1 Simple ROI 

The easiest number to calculate: how much you made 

back over the asset's life, as a percentage of what you 

put in. 

ROI (%) = (Total Net Profit over Asset Life − Initial 

Investment) / Initial Investment × 100 

Total Net Profit = (Annual Revenue − Annual O&M 

Cost) × Number of Years. 

 

 

 

1.2 Payback Period 

This tells you how many years it takes to earn back 

what you spent. It's the quickest way to see how much 

risk your money is carrying. 

Payback Period (years) = Initial Investment / Annual 

Net Cash Flow 

Annual Net Cash Flow = Annual Revenue − Annual 

O&M Cost. The shorter the payback, the sooner your 

capital is safe. 

 

1.3 Levelized Cost of Energy (LCOE) 

LCOE tells you what each unit of energy actually costs 

once you add up capex, running costs, financing, and 

the effect of the plant slowly degrading over time. It's 

the standard way people compare different 

technologies or sites on a level playing field. 

LCOE (₹/kWh) = Total Lifetime Costs (discounted) / 

Total Lifetime Energy Output (discounted) 

Total Lifetime Costs = Capex + Σ [Annual O&M / 

(1+r)^t]. Total Lifetime Energy = Σ [Annual 

Generation / (1+r)^t], where r is the discount rate and 

t is the year. If LCOE comes in below the tariff you're 

selling power at, the project makes sense. 

 

1.4 Net Present Value (NPV) 

NPV takes all the money a project will make in future 

years and converts it into today's value, then subtracts 

what you invested. If the number is positive, the 

project is worth more than what you put in. 

NPV = Σ [Cash Flow(t) / (1+r)^t] − Initial Investment 

 

1.5 Internal Rate of Return (IRR) 

IRR is the discount rate at which NPV works out to 

exactly zero basically, the project's own break-even 

return. You compare it against the minimum return 

you're looking for. 
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Set NPV = 0 and solve for r → that value of r is the 

IRR 

You normally solve this by trial and error, or let 

Excel's IRR function do it, since there's no simple 

formula to solve for r directly. 
 

1.6 Which Metric to Use When 

Metric Best For Limitation 

Simple ROI Quick, high-level 

comparison 

Ignores time value 

of money 

Payback 

Period 

Assessing capital-

recovery risk 

Ignores cash flows 

after payback 

LCOE Comparing cost 

per unit of energy 

across 

technologies 

Not a profitability 

measure on its own 

NPV Absolute value 

created, in today's 

currency 

Sensitive to 

discount-rate 

assumption 

IRR Comparing 

projects of 

different 

sizes/durations 

Can be misleading 

with 

unconventional 

cash flows 

 

 
Figure 1: Typical performance benchmark ranges for Solar PR, Wind CF, and BESS RTE. 

 

II. SOLAR PV POWER PLANT 

 

2.1 Key Performance Indicators 

KPI Formula Ideal Value 

Performance 

Ratio (PR) 

AC Energy / 

(POA 

Irradiance × 

Installed 

Capacity) 

78–90% 

Capacity 

Utilization Factor 

(CUF) 

Annual Energy 

/ (Capacity × 

8760) 

18–28% 

Specific Yield Energy / 

Installed 

Capacity 

1400–1900 

kWh/kWp/yr 

Availability Operating 

Time / Total 

Time 

>99% 

Module 

Efficiency 

Power Output / 

Solar Input 

18–24% 

Inverter 

Efficiency 

AC Output / 

DC Input 

98–99% 

2.2 Performance Ratio Worked Example 

• Plant Capacity = 100 MW 

• Daily POA Irradiance = 6 kWh/m² 

• Energy Generated = 510 MWh 

Expected Energy = 100 × 6 = 600 MWh PR = 510 / 

600 = 85% 

85% PR means the plant is running well. The other 

15% is lost to a mix of heat, cabling, inverter losses, 

dust on the panels, and downtime. 

 

2.3 Capacity Utilization Factor Worked Example 

• Annual Generation = 210 GWh 

• Plant Capacity = 100 MW 

Max Possible Energy = 100 × 8760 = 876 GWh CUF 

= 210 / 876 = 23.97% 
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2.4 Major Loss Sources 

Loss Source Typical Range Key Mitigation 

Soiling 2–10% Robotic/scheduled 

cleaning, soiling 

sensors 

Module 

Degradation 

0.3–0.7%/yr High-quality, PID-

resistant modules 

Temperature 

Loss 

5–12% (hot 

climates) 

Elevated racking, 

bifacial modules, 

ventilation 

Inverter 

Clipping 

1–5% Optimized DC/AC 

ratio 

Cable (I²R) 

Loss 

1–2% Larger cross-section 

cable, shorter runs 

Transformer 

Loss 

1–2% Optimal loading, 

adequate cooling 

 

2.5 Solar ROI Worked Example 

Assumptions for a 100 MW utility-scale solar plant in 

India: 

• Capex: ₹3.8 crore/MW × 100 MW = ₹380 crore 

• Annual Generation: 210 GWh (from the CUF 

example above) 

• PPA Tariff: ₹2.50/kWh 

• O&M Cost: ₹0.04 crore/MW/year × 100 MW = ₹4 

crore/year 

• Asset Life: 25 years 

Step 1 Annual Revenue 

Revenue = 210,000,000 kWh × ₹2.50/kWh = ₹52.5 

crore/year 

Step 2 Annual Net Cash Flow 

Net Cash Flow = ₹52.5 cr − ₹4 cr = ₹48.5 crore/year 

Step 3 Payback Period 

Payback = 380 / 48.5 ≈ 7.8 years 

Step 4 Simple ROI over 25-year life 

Total Net Profit = 48.5 × 25 = ₹1,212.5 crore ROI = 

(1,212.5 − 380) / 380 × 100 ≈ 219% 

Keep in mind this is a simplified view it doesn't 

account for panels degrading a little each year, the time 

value of money, or tariff changes over time. For a real 

project you'd want to run year-by-year cash flows 

through NPV and IRR instead of using one flat yearly 

number see Section 1. 

 

III. WIND POWER PLANT 

 

3.1 Key Performance Indicators 

KPI Formula Notes 

Capacity 

Factor 

Actual Energy / 

(Rated Power × 8760) 

25–45% 

onshore; 45–

55% offshore 

Availability Operating Hours / 

Total Hours 

Target >97% 

Turbine 

Efficiency 

Actual Output / 

Theoretical Output 

Function of Cp 

Wake Loss Farm Energy Loss due 

to turbine interaction 

5–15% 

Curtailment 

Loss 

Lost Energy / Grid 

Restriction 

Site/grid 

dependent 
 

3.2 Capacity Factor Worked Example 

• Rated Capacity = 200 MW 

• Annual Generation = 650 GWh 

Max Possible Energy = 200 × 8760 = 1752 GWh CF 

= 650 / 1752 = 37.1% 
 

3.3 Wind Power Equation 

P = ½ × ρ × A × V³ × Cp 

ρ = air density (≈1.225 kg/m³), A = rotor swept area 

(m²), V = wind speed (m/s), Cp = power coefficient. 

Wind speed matters a lot because power goes up with 

the cube of it so a windier site can make a much bigger 

difference to output than almost anything else you do. 

Worked Example 

• Wind Speed = 9 m/s, Rotor Diameter = 160 m 

(radius 80 m), ρ = 1.225, Cp = 0.46 

A = π × 80² = 20,106 m² P = 0.5 × 1.225 × 20,106 × 9³ 

× 0.46 ≈ 4.13 MW 
 

3.4 Major Loss Sources 

Loss Source Typical Range Key Mitigation 

Wake Effect 5–15% Wake steering, 

optimized spacing 

Pitch 

Misalignment 

2–8% Automatic pitch 

calibration 

Yaw Error ~5% at 10° 

offset (cos³θ 

law) 

LIDAR-based 

nacelle sensing 

Gearbox Issues Varies Oil analysis, 

vibration 

monitoring 

Blade 

Contamination 

/Erosion 

3–12% Leading-edge 

protection, 

cleaning 

 

3.5 Wind ROI Worked Example 

Assumptions for a 200 MW onshore wind farm in 

India: 

• Capex: ₹6 crore/MW × 200 MW = ₹1,200 crore 

• Annual Generation: 650 GWh (from the Capacity 

Factor example above) 

• PPA Tariff: ₹3.00/kWh 

• O&M Cost: ₹0.06 crore/MW/year × 200 MW = 

₹12 crore/year 

• Asset Life: 20 years 
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Step 1 Annual Revenue 

Revenue = 650,000,000 kWh × ₹3.00/kWh = ₹195 

crore/year 

Step 2 Annual Net Cash Flow 

Net Cash Flow = ₹195 cr − ₹12 cr = ₹183 crore/year 

Step 3 Payback Period 

Payback = 1,200 / 183 ≈ 6.6 years 

Step 4 Simple ROI over 20-year life 

Total Net Profit = 183 × 20 = ₹3,660 crore ROI = 

(3,660 − 1,200) / 1,200 × 100 ≈ 205% 

Wind usually pays back a bit faster than solar for every 

rupee spent, because the capacity factor is higher but 

the capex per MW is also higher, so the two roughly 

cancel out. That's why it's worth running the full 

numbers instead of just comparing capex or capacity 

factor on their own. 

 

IV. BATTERY ENERGY STORAGE SYSTEM 

(BESS) 

 

4.1 Key Performance Indicators 

KPI Formula Target 

Round-Trip 

Efficiency 

(RTE) 

Discharge Energy / 

Charge Energy 

90–95% 

State of 

Charge (SOC) 

Current Capacity / 

Maximum Capacity 

Operate 20–

80% 

State of Health 

(SOH) 

Current Capacity / 

Original Capacity 

≥80% after 

10 yrs 

Depth of 

Discharge 

(DoD) 

1 − SOC Avoid 

deep/full 

cycles daily 

Cycle Life Charge/Discharge 

Cycles to 80% SOH 

~6000 cycles 

(Li-ion) 

 

4.2 Worked Examples 

Round-Trip Efficiency 

• Charge Energy = 100 MWh, Discharge Energy = 

92 MWh 

RTE = 92 / 100 = 92% 

State of Health 

• Original Capacity = 100 MWh, Current Capacity = 

92 MWh 

SOH = 92 / 100 = 92% 

Energy Throughput (Lifetime Value Capacity) 

• Capacity = 100 MWh, Rated Cycles = 5,000 

Lifetime Throughput = 5,000 × 100 MWh = 500,000 

MWh 

 

 

 

4.3 Revenue Streams 

Strategy Mechanism Example 

Energy 

Arbitrage 

Charge 

cheap, 

discharge 

expensive 

Buy ₹3/kWh, sell 

₹8/kWh → ₹5/kWh 

gross margin 

Peak 

Shaving 

Avoid peak 

demand 

charges 

Reduces contracted-

demand penalty 

Frequency 

Regulation 

Fast grid-

balancing 

response 

Premium ancillary-

service payment 

Black Start Grid restart 

capability 

Resilience/capacity 

payment 

 

4.4 BESS ROI Worked Example 

Assumptions for a 60 MW / 100 MWh standalone 

BESS project in India, combining arbitrage with 

ancillary-service revenue: 

• Capex: ₹2 crore/MWh × 100 MWh = ₹200 crore 

• Operating regime: 300 cycles/year at 80% usable 

DoD = 80 MWh discharged per cycle 

• Blended net margin (after RTE losses and 

degradation cost): ₹3.5/kWh 

• Additional ancillary-service/capacity revenue: ₹10 

crore/year 

• O&M Cost: ₹5 crore/year 

• Asset Life: 15 years (to 80% SOH) 

Step 1 Annual Discharged Energy 

Annual Throughput = 80 MWh × 300 cycles = 24,000 

MWh = 24,000,000 kWh 

Step 2 Arbitrage Revenue 

Arbitrage Revenue = 24,000,000 kWh × ₹3.5/kWh = 

₹8.4 crore/year 

Step 3 Total Annual Revenue 

Total Revenue = ₹8.4 cr (arbitrage) + ₹10 cr 

(ancillary/capacity) = ₹18.4 crore/year 

Step 4 Annual Net Cash Flow 

Net Cash Flow = ₹18.4 cr − ₹5 cr = ₹13.4 crore/year 

Step 5 Payback Period 

Payback = 200 / 13.4 ≈ 14.9 years 

Step 6 Simple ROI over 15-year life 

Total Net Profit = 13.4 × 15 = ₹201 crore ROI = (201 

− 200) / 200 × 100 ≈ 0.5% 

This shows why a standalone battery project is a 

tougher sell than solar or wind payback stretches close 

to the asset's whole working life. To make the numbers 

work, you usually need to stack up several revenue 
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streams (arbitrage plus grid services plus capacity 

payments), keep the cycle count high, and get the 

capex per MWh down. In real projects, developers run 

full NPV/IRR models rather than trust a simple ROI 

number, and often pair the battery with solar or wind 

so they can share grid-connection costs. 

 

V. CROSS-ASSET ROI COMPARISON 

 

Asset Capex Annual Net Cash Flow Payback Simple ROI (asset life) 

Solar (100 MW) ₹380 crore ₹48.5 crore/yr ~7.8 yrs ~219% (25 yrs) 

Wind (200 MW) ₹1,200 crore ₹183 crore/yr ~6.6 yrs ~205% (20 yrs) 

BESS (100 MWh) ₹200 crore ₹13.4 crore/yr ~14.9 yrs ~0.5% (15 yrs) 

 
Figure 2: Illustrative payback period and simple ROI by asset type, based on the worked examples in Sections 2–4. 

 

5.1 Key Takeaways 

• Solar and Wind pay back in roughly the same time 

frame (6–8 years) at these example tariffs Wind's 

higher capacity factor makes up for its higher cost 

per MW. 

• A standalone BESS project's returns depend a lot 

on how many cycles you run and how many 

revenue streams you can stack; with just one 

revenue stream, batteries often can't beat solar or 

wind on simple ROI. 

• All the numbers here are examples a real project 

appraisal should use full NPV/IRR modeling with 

year-by-year degradation, tariff changes, financing 

cost, and tax benefits like accelerated depreciation, 

which can meaningfully boost after-tax returns. 

• Improving the technical KPIs in Sections 2–4 (PR, 

CF, RTE, uptime, cutting losses) puts more 

revenue in your pocket every year, which is exactly 

what moves every ROI number this is the direct 

link between how well you run the asset and what 

you earn from it. 

 

VI. INCREASING ASSET LIFE & 

PERFORMANCE DAILY, MONTHLY, YEARLY 

ACTIONS 

 

Checking things daily catches the small losses dust, 

trips, misalignment that eat into today's revenue. 

Monthly and yearly checks catch the wear and tear that 

shortens how long the equipment actually lasts. 

Skipping the second kind is the classic mistake: the 

monthly generation report can look perfectly fine right 

up until a gearbox or battery pack fails years before it 

should. 
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6.1 Solar PV 

Frequency Actions 

Daily Monitor string-level output vs. irradiance-

adjusted baseline; flag strings >3–5% 

below peers. Review inverter alarm logs 

each morning and fix trips same-day. Track 

soiling rate via reference sensor; clean only 

when loss exceeds cleaning cost. 

Monthly Rotating thermal (IR) scan of the full site to 

catch hotspots, bad connectors, cracked 

cells. Torque-check a sample of DC 

connections. Review PR trend, normalized 

for temperature/irradiance. Check 

vegetation/drainage around arrays and 

cabling. 

Yearly I-V curve testing across all strings to 

quantify mismatch and actual degradation 

vs. warranty curve. Insulation resistance 

(Megger) testing. Transformer oil analysis 

and cooling check. Full torque-recheck of 

racking/grounding. Tracker angle 

recalibration. 

What actually helps it last longer: keep the cells cool 

(ventilation, bifacial panels, racking that's raised off 

the ground); ground everything properly and let panels 

recover overnight to avoid PID; pick modules with a 

strong degradation warranty; and fix electrical faults 

right away arcing and hotspots don't just cut output, 

they burn through cells and wiring. 

 

6.2 Wind 

Frequency Actions 

Daily Compare each turbine's actual power curve 

to its reference curve in SCADA; 

investigate underperformers same-day. 

Check yaw alignment and pitch-angle 

telemetry for drift. Review 

gearbox/generator/bearing vibration and 

temperature alarms. 

Monthly Trend oil analysis (particle count, viscosity, 

water content) the earliest gearbox-wear 

signal. Blade visual/drone inspection for 

erosion, ice, debris. Review wake-loss and 

yaw/wake-steering settings against 

seasonal wind direction. 

Yearly Full blade inspection (drone + close-up) 

and leading-edge protection reapplication. 

Gearbox borescope inspection; schedule 

bearing replacement from trended data, not 

fixed intervals. Full pitch/yaw system 

recalibration. Tower bolt torque and 

foundation inspection. 

What actually helps it last longer: catching gearbox or 

bearing wear early through oil and vibration trends 

saves you from a full gearbox failure down the line. 

Protecting the blade's leading edge stops erosion 

before it costs both output and structural strength. And 

keeping yaw and pitch tightly calibrated reduces stress 

on the whole drivetrain, not just lost energy. 

 

6.3 BESS 

Frequency Actions 

Daily Keep cycling within the 20–80% SOC 

band; avoid routine full charge/discharge. 

Monitor cell temperature spread across the 

pack a widening spread signals developing 

degradation. Log round-trip efficiency per 

cycle; a sudden drop flags a fault. 

Monthly Active cell-balancing check weak cells drag 

down the whole pack's aging rate. Review 

C-rate exposure; frequent fast cycling ages 

cells faster than the same energy moved 

slowly. Check thermal management system 

(coolant, HVAC filters, airflow). 

Yearly Full capacity test to update State of Health 

against the financial model's degradation 

curve. Insulation resistance and fire-safety 

system inspection. Review EMS/firmware 

scheduling logic to reduce unnecessary 

cycling for the same revenue. 

What actually helps it last longer: keeping the 

temperature between 20–30°C and staying away from 

0% and 100% SOC are the two biggest things you can 

do both types of aging speed up sharply outside that 

range. After that, going easy on fast charging and 

keeping cells balanced makes the next biggest 

difference. 

 

6.4 General Principle 

The same pattern shows up across all three: quick daily 

checks protect this month's revenue, while the slower 

monthly and yearly checks protect the investment you 

made in the first place. A good O&M program makes 

time and budget for both, not just the daily dashboard. 

 

VII. GOOD OPERATIONS & MAINTENANCE 

(O&M) PRACTICES 

 

Section 6 tells you what to check and when. This 

section is about how to actually run the O&M program 

the habits that separate asset owners who hit their 

design life and performance targets from those who 

don't. 

 

7.1 Solar PV O&M Best Practices 

Practice Why It Extends Life / Improves 

Performance 

Balance 

preventive + 

predictive 

maintenance 

Fixed-schedule tasks (cleaning, 

torque checks) catch known wear 

patterns; AI/SCADA-based 

predictive alerts catch novel faults 
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early, before they cascade into 

bigger failures. 

Maintain critical 

spares on-site 

Inverter power modules, fuses, 

connectors, and common failure-

prone components stored locally cut 

downtime from days to hours. 

Enforce 

vendor/EPC 

performance 

guarantees 

Contract O&M providers against a 

guaranteed PR/availability with 

penalty clauses aligns their 

incentives with actual plant output, 

not just visits completed. 

Digitize 

inspection 

records (CMMS) 

Every thermography scan, torque 

check, and I-V test logged against 

asset ID builds a maintenance 

history that reveals recurring 

problem areas over years. 

Train staff on 

electrical safety 

and arc-flash 

protocols 

DC arcing is a leading cause of 

fires; proper lockout-tagout and 

PPE discipline prevents both safety 

incidents and asset damage. 

Track warranty 

and degradation 

data centrally 

Comparing actual field degradation 

against manufacturer warranty 

curves protects the owner's ability to 

file valid warranty claims. 

 

7.2 Wind O&M Best Practices 

Practice Why It Extends Life / Improves 

Performance 

Adopt 

Reliability-

Centered 

Maintenance 

(RCM) 

Prioritizes maintenance effort on the 

components most likely to fail and 

most costly if they do (gearbox, 

generator, blades) rather than 

treating all parts equally. 

Stock critical 

spares regionally 

Gearboxes, generators, and blade 

sections have long lead times; 

regional spares pools cut weeks of 

downtime to days after a major 

failure. 

Plan major 

repairs around 

weather 

windows 

Blade and nacelle work requires 

cranes and calm weather; scheduling 

around seasonal wind/weather 

patterns avoids costly idle crane time 

and repeated mobilization. 

Run a dedicated 

blade-repair 

program 

Proactive leading-edge protection 

and crack repair is far cheaper than 

reactive full-blade replacement after 

erosion or delamination spreads. 

Maintain 

rigorous 

lubrication 

schedules 

Gearbox and bearing lubrication 

quality is one of the strongest 

predictors of drivetrain life; 

sampling and topping up on 

schedule, not just on alarm, prevents 

wear. 

Negotiate long-

term OEM 

service 

agreements 

Full-service agreements with 

output/availability guarantees shift 

performance risk to the 

manufacturer during the highest-

failure early years of operation. 

 

 

7.3 BESS O&M Best Practices 

Practice Why It Extends Life / Improves 

Performance 

Monitor the Battery 

Management 

System (BMS) 

continuously 

The BMS is the primary defense 

against overcharge, over-

discharge, and thermal excursions 

treating its alerts as high priority 

prevents both safety events and 

accelerated aging. 

Maintain strict fire-

safety and thermal-

runaway protocols 

Regular inspection of fire 

suppression, gas detection, and 

thermal barriers is non-negotiable 

given the consequences of a cell-

level thermal event. 

Track cell-level 

(not just pack-

level) diagnostics 

Pack-average SOH can mask a 

small number of badly degraded 

cells; cell-level data lets you catch 

and isolate problem cells before 

they drag down the whole pack. 

Keep 

EMS/firmware up 

to date 

Software updates from the 

integrator often improve 

charge/discharge algorithms and 

balancing logic delivering better 

efficiency and lower degradation 

without any hardware change. 

Track warranty 

throughput and 

cycle count 

centrally 

Most BESS warranties cap either 

years or cycles/throughput, 

whichever comes first; tracking 

both prevents unknowingly 

voiding coverage through overuse. 

Plan for second-life 

or recycling 

pathways early 

Deciding in advance how end-of-

life capacity will be repurposed or 

recycled avoids a scramble (and 

potential regulatory exposure) as 

the asset approaches end of 

warranted life. 

 

7.4 Cross-Cutting Best Practices (All Assets) 

• Run a documented Root Cause Analysis process 

for every underperformance event (see Section 5 of 

the earlier guide) so lessons compound across the 

fleet rather than being solved once and forgotten. 

• Maintain a live KPI dashboard (PR/CF/RTE, 

availability, MTBF, MTTR) reviewed on a fixed 

cadence with both O&M and asset-management 

teams present. 

• Tier spare parts into critical / important / minor 

categories, and pre-position critical spares based 

on historical failure-rate data, not just OEM 

recommendations. 

• Invest in staff certification and refresher training 

asset performance is as much a function of 

technician skill as of equipment quality. 

• Use digital twins or simulation models to test 

maintenance strategies (e.g., cleaning frequency, 

cycling limits) before applying them fleet-wide. 
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• Benchmark performance against similar assets in 

the fleet or industry-published benchmarks (see 

Section 7 of the earlier guide) to catch 

underperformance that wouldn't be visible looking 

at one site in isolation. 

 

VIII. REFERENCES & BASIS OF ANALYSIS 

 

The KPI definitions, formulas, loss ranges, and 

benchmark numbers used in this paper follow 

standard, widely-used conventions in renewable 

energy asset management, in line with: 

• IEC standards for PV system performance 

monitoring (e.g., IEC 61724 Photovoltaic system 

performance). 

• IEA's Photovoltaic Power Systems Programme 

(PVPS) guidelines on performance and reliability 

reporting. 

• IEC 61400 series standards for wind turbine power 

performance measurement. 

• NREL technical reports on solar PV degradation, 

wind turbine reliability, and battery storage 

performance. 

• Standard finance methods for ROI, Payback 

Period, NPV, IRR, and LCOE, as used in project 

finance and asset valuation. 

• Representative Indian utility-scale capex, tariff, 

and O&M cost ranges used in the worked examples 

swap in your own project numbers for anything 

investment-grade. 

This paper is meant as an educational and planning 

reference, not investment advice. The figures used in 

the worked examples are illustrative assumptions 

unless stated otherwise replace them with your own 

site and project data before making any investment 

decision. 


