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Typical Panel Output Range: 250–400 W

Rated Wattage
Standard commercial panels 
are rated between 250 W 
and 400 W

Rating reflects maximum 
output under Standard Test 
Conditions (STC)

STC: 1,000 W/m² irradiance, 
25°C cell temperature

Real-World Output
Actual output is always lower 
than the nameplate rating

Heat, shading, wiring losses, 
and inverter conversion 
reduce yield

A 400 W panel typically 
delivers 1.4–1.8 kWh per day 
in practice

Wattage Trends
A decade ago, 250–300 W 
panels were standard

Today, 400 W is the 
common residential baseline

Commercial and utility 
modules range 500–700 W+



Key Influencing Factors: Efficiency, Size, Sunlight

Panel Efficiency
Efficiency is the percentage of 
sunlight converted to 
electricity

Commercial panels typically 
achieve 18–22% efficiency

Higher efficiency = more 
power from the same surface 
area

Physical Size
Larger panels generally 
produce more power

Output depends on both 
physical area and cell 
efficiency

Roof space constraints may 
require fewer, higher-
efficiency panels

Sunlight Availability
Peak sun hours vary 
significantly by geography and 
season

Desert regions: 6–7+ peak sun 
hours/day; northern regions: 
2–4

All output estimates must 
reference local peak sun hour 
data



System-Level Considerations

Number of Panels
Total system output = per-
panel output × number of 
panels

Residential systems: typically 
10–20 panels

Sized based on household 
energy consumption and roof 
space

The Inverter's Role
Converts panel DC output to 
grid-compatible AC electricity

Inverter efficiency typically 95–
98%; a small but real loss

String inverters, microinverters, 
and power optimizers each 
differ in performance

System Losses
Total system losses typically 
12–25% of rated panel output

Sources: wiring resistance, 
inverter conversion, dust, 
temperature

Well-maintained systems keep 
losses toward the lower end



Energy Calculation Basics: Sun Hours × Wattage
The Core Formula

Daily Output (kWh) = Panel Wattage × Peak Sun Hours × System Efficiency
Peak sun hours ≠ daylight hours — only high-irradiance hours count
System efficiency accounts for all real-world losses (~75–85%)
Result expressed in kilowatt-hours (kWh), not watts

Key Variables
Wattage: From panel datasheet (e.g. 300 W)
Peak sun hours: Location-specific; use solar irradiance maps
System efficiency factor: Typically 0.75–0.85 for real installations
Number of panels: Multiply single-panel output to get system total

Daily kWh 
Output

System 
Efficiency

Peak Sun 
Hours

Panel 
Wattage

Power (watts) measures instantaneous output. Energy (kilowatt-hours) measures electricity produced over time — always use kWh when comparing system yields.



Example Calculation: Daily kWh Output
01

Step 1 — Define Panel Wattage
Example: 300 W panel (typical mid-range 
commercial module)

02

Step 2 — Identify Peak Sun Hours
Example location: 5 peak sun hours/day 
(mid-latitude, moderate climate)

03

Step 3 — Apply System Efficiency
Use 0.75 factor to account for real-world 
losses (wiring, inverter, heat)

04

Step 4 — Calculate Daily Output

300 W × 5 h × 0.75 = 1,125 Wh ≈ 1.1 kWh/day per panel

With a more favorable location (5.4 h) the same panel yields ~1.2 kWh/day

The ~1.5 kWh/day/panel figure cited in project data assumes a higher-wattage module (≥400 W) or a sunnier location. 
Output scales linearly with wattage and sun hours.



Efficiency Ranges: 18–22% Typical (Commercial)

Standard Commercial
Efficiency: 18–22%

Most widely deployed in 
residential and commercial 
projects

Monocrystalline technology 
dominates this range

High-Efficiency Tier
Efficiency: 22–27%

Premium monocrystalline 
designs (e.g. half-cut, N-type 
cells)

Higher cost per panel; fewer 
panels required for same output

Thin-Film / Entry
Efficiency: 10–18%

Useful for portable, flexible, or 
large unobstructed surfaces

Lower cost; greater area needed 
per kWp of installed capacity

Efficiency is already factored into a panel's wattage rating. A 400 W panel and a 300 W panel of the same physical 
size differ primarily because of efficiency — not size alone.



Panel Types: 60-Cell vs. 72-Cell Modules

60-Cell Panels

Dimensions: approx. 1.65 m × 1.0 m

Typical wattage: 250–330 W

Standard for residential rooftop installations

Easier to handle; lower logistics cost per panel

More common in retrofit projects with limited roof 
space

72-Cell Panels

Dimensions: approx. 2.0 m × 1.0 m

Typical wattage: 330–400 W+

Standard for commercial and utility-scale installations

Higher output per panel = fewer panels per MW 
installed

Reduced balance-of-system costs at scale

Modern half-cut cell designs (108-cell / 120-cell equivalents) are increasingly replacing traditional 60- and 72-cell 
formats, offering improved performance under partial shading.



Environmental Factors Affecting Output

Shading
Even partial shading of one cell 
can disproportionately reduce 
output

Cloud cover alone can reduce 
output by 10–80% depending 
on density

Microinverters and power 
optimizers mitigate shading 
losses at module level

Orientation & Tilt
South-facing roofs (northern 
hemisphere) maximize annual 
yield

Sub-optimal orientation 
reduces annual output; 
east/west still viable

Optimal tilt angle depends on 
latitude; fixed tilt is a common 
compromise

Temperature
Solar panels lose efficiency as 
cell temperature rises above 
25°C

Typical temperature 
coefficient: −0.35% to −0.45% 
per °C above STC

Panels work best in cold, clear 
conditions — not necessarily 
hottest climates



Practical Output: What One Panel Can Power

~1.5 kWh/day
A single 400 W panel in a moderate-
sun location (~4–5 sun hours) can 
power a household refrigerator for a full 
day

Multiple Devices
1.5 kWh/day covers several hours of 
laptop use, lighting, and phone 
charging

Not a Full Household
A single panel covers 5–10% of average 
household consumption; a full system 
requires 10–20+ panels

Output figures assume a 400 W panel, approximately 4–5 peak sun hours/day, and ~75–85% system efficiency. 
Results vary by location, season, and installation quality.



Scaling to a Full System

1

Determine Consumption
Measure annual household or facility 
energy use in kWh; divide by 365 for 
daily demand

2

Calculate Per-Panel Yield
Apply local sun hours and system 
efficiency factor to determine 
kWh/day per panel

3

Size the Array
Divide daily demand by per-panel 
daily yield to find the required 
number of panels

Illustrative example: A household consuming 30 kWh/day with 400 W panels and 5 peak sun hours (85% efficiency) needs 
approximately 18 panels to achieve full self-sufficiency.



Key Project Data

Parameter Value / Range

Panel Output 250–400 W (residential & commercial modules)

Panel Efficiency 18–22% (standard commercial range)

Daily Output (example) ~1.5 kWh/panel (400 W module, ~4–5 peak sun hours, 85% system efficiency)

System Dependency Sunlight availability, geographic location, system size, installation quality

Application Residential rooftop, commercial flat-roof, utility-scale ground-mount

Source PVKnowHow / J.v.G. Technology GmbH

These figures are based on composite scenarios using real industry data. Actual output depends on location, panel 
specification, and installation design. Source: PVKnowHow / J.v.G. Technology GmbH.
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