Awnlux Solar Awning Technical White
Paper

Introduction

Welcome to the Awnlux Solar Awning Technical White Paper. This document presents
Awnlux’s engineering approach to providing efficient, lightweight, and durable off-grid
energy solutions for RVs through the integration of CIGS (Copper Indium Gallium
Selenide) thin-film solar technology with full-shell aluminum alloy awning systems. Note:
All data presented in this document is derived from Awnlux’s existing product
documentation and knowledge base. Where specific test data has not yet been
published, placeholder markers [Data Pending] are used.
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1. Pain Point Analysis

RV solar awnings face not only the physical degradation risks of standard awnings (e.g.,
water pooling, wind tearing, UV aging) but also electrical and weight challenges posed by
traditional crystalline silicon solar panels. Awnlux solar awnings address these core pain
points through CIGS technology and innovative structural design.

¢ Hot-Spot Risk: Traditional silicon panels can develop hot spots under partial shading,
leading to permanent damage or fire. CIGS technology inherently has no hot-spot



effect.

e Weight Overload: Traditional flexible solar panels add significant roof load. CIGS
fabric is ultra-lightweight, reducing vehicle burden.

* Mechanical Stress Damage: Frequent awning retraction causes micro-cracks in
silicon cells. CIGS thin-film is highly flexible and withstands repeated bending.

2. CIGS Technology Evaluation

Traditional crystalline silicon panels use a series-connected bypass diode architecture,
where 10-30% partial shading can cause 70-85% output loss. Awnlux employs CIGS thin-
film solar cells, exhibiting fundamentally different electrical behavior:

* No Hot-Spot Effect: Shaded cells do not become reverse-biased current sinks. No
localized overheating occurs, eliminating fire risk and cell degradation under tree
shade or AC unit shadows.

¢ Single Cell Damage Isolation: Damage to individual cells does not cascade through
the array. A stone chip or branch impact affects only the damaged area, not the entire
panel output.

¢ Ultra-Lightweight: CIGS thin-film has an areal density of 1.3 kg/m?, making it 43%
lighter than equivalent-output crystalline silicon flexible panels (approx. 2.3 kg/m?),
reducing roof load and improving vehicle center of gravity.

+ Wide Temperature Range: Maintains performance across an extremely wide
temperature range of -45°C to +70°C (Note: some documents indicate -40°C to
+75°C), with a low temperature coefficient resulting in minimal high-temperature
efficiency degradation.

+ Flexible and Shatter-Resistant: Thin-film construction allows bending without
cracking. With no glass substrate to shatter, it survives the mechanical stress of
repeated awning deployment/retraction cycles.



CIGS Thin-Film vs Crystalline Silicon: Shading Performance Comparison

How does partial shading affect power output?

Key Insight: CIGS thin-film has NO hotspot effect. B Awnlux CIGS Thin-Film
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[Mustration Placeholder] CIGS vs. Silicon Shading Performance Chart (illustrates relative
power output percentages for CIGS thin-film and crystalline silicon across seven typical
shading scenarios)

In real-world RV camping, partial shading is the norm. Awnlux solar fabric is double-sided
with multi-layer functional protective films (anti-oxidation, waterproof, anti-UV). The
following compares CIGS and crystalline silicon output retention across typical shading
scenarios:

o Tree shade, 30% coverage: CIGS retains 72% output, while crystalline silicon drops
to 15% (CIGS has a 4.8x advantage).

¢ Single cell damaged: CIGS retains 95% output, while crystalline silicon drops to 25%
(CIGS has a 3.8x advantage).

¢ AC unit shadow, 10% coverage: CIGS retains 92% output, while crystalline silicon
drops to 30% (CIGS has a 3.1x advantage).

o Dust or leaf coverage: CIGS retains 82% output, while crystalline silicon drops to
40% (CIGS has a 2.1x advantage).

¢ Cloudy / diffuse light: CIGS retains 45% output, while crystalline silicon drops to 25%
(CIGS has a 1.8x advantage).



¢ Morning/evening low angle: CIGS retains 35% output, while crystalline silicon drops
to 20% (CIGS has a 1.8x advantage).

e Awning partially rolled out: Both retain 50% output; here output reduction is purely
proportional to exposed area, not an electrical architecture effect.

3. Extreme Temperature Performance

[llustration Placeholder] Extreme Temperature Performance Chart (recommended: dual-
axis line chart with left Y-axis for power output, right Y-axis for efficiency retention
percentage, temperature range from -45°C to +70°C; separate lines for CIGS and
crystalline silicon) — [Data Pending]

Awnlux solar systems must operate reliably across an extremely wide temperature range.
Based on Awnlux product specifications, solar models like the SA5900 are rated for -25°C
to 70°C, while the core CIGS technology itself supports a wide range of -45°C to +70°C.

e Extreme Cold (-45°C): CIGS performs better. The Awnlux CIGS lower operating limit
is -45°C, generating power normally in extreme cold. While silicon theoretical
efficiency increases slightly in cold, the cells become more brittle, significantly
increasing micro-crack risks, especially under RV driving vibrations. CIGS thin-film is
flexible, shatter-resistant, and more reliable in extreme cold.

o Extreme Heat (surface +70°C): CIGS performs better. The Awnlux CIGS upper
operating limit is +70°C to +75°C. Silicon efficiency degrades more noticeably at high
temperatures (temperature coefficient approx. -0.4%/°C), whereas CIGS has a lower
coefficient, resulting in higher power generation at the same temperature.
Furthermore, CIGS has no hot-spot effect, so partial shading at high temperatures
won’t cause localized overheating damage; silicon has a higher hot-spot risk under
high heat plus partial shading.

e Sub-Zero Winter Camping (-20°C to -5°C): CIGS is more reliable. Its flexibility
prevents micro-cracks from cold embrittlement during frequent winter retraction.

e Desert Summer (ambient +40°C to +55°C): CIGS performs better. Surface
temperatures can exceed 60°C. CIGS upper limit is +70°C to +75°C, with less high-
temp degradation than silicon. No hot-spot effect means occasional dust shading
won’t cause overheating.



o Rapid Temperature Changes (AT > 30°C/hour): CIGS is more tolerant. Flexible CIGS
thin-film is less affected by thermal expansion/contraction stress. Rigid silicon cells
suffer thermal stress from rapid changes, accelerating micro-cracks.

¢ High Altitude Cold (-30°C with high UV): CIGS is more suitable. High-altitude
environments have stronger UV radiation, lower temperatures, and larger day-night
temperature swings. CIGS fabric is coated on both sides with multi-layer functional
protective films (including a UV-resistant layer), and its -45°C lower operating limit
can handle severe high-altitude cold.

¢ Tropical Humidity (+35°C, >90% RH): CIGS is more suitable. Multi-layer protective
films (waterproof and anti-oxidation) protect the solar chips in high humidity. Silicon
cell solder joints have a higher corrosion risk in long-term damp environments.

4. Fatigue Endurance Testing

Awnlux fatigue testing verifies the durability performance of awnings during high-frequency
deployment and retraction, particularly the electrical stability of the solar fabric during
repeated rolling.

Awnlux’s solar awning series (e.g., SA5900) have passed a rigorous 3,600 cycles of
fatigue testing to ensure the CIGS thin-film maintains excellent power generation efficiency
after long-term repeated rolling.

« Daily open/close cycles: For full-time nomad lifestyles requiring almost daily
deployment and retraction, Awnlux solar awnings are verified by 3,600 fatigue test
cycles, ensuring highly reliable fabric and electrical connections. The full cassette
design (like SA5900) completely stores the solar fabric inside the shell after each
retraction, reducing environmental exposure.

o Expected Lifespan: Based on the 3,600-cycle test data and average RV user
frequency, the expected mechanical and electrical lifespan of Awnlux solar awnings
is 8-10 years.

e Power Efficiency Guarantee: Awnlux provides a 5-year 80% power efficiency
guarantee, demonstrating that CIGS technology maintains stable energy output even
after long-term mechanical stress.

* Extreme weather deployment: In extreme weather, awnings must retract quickly and
reliably. The full cassette provides extra protection via the aluminum shell. Awnlux



recommends retracting during strong winds and rain (typically safe up to force 5
winds); electric solar versions (e.g., SA5700) offer optional wind sensors for
automatic retraction, enhancing safety.

5. Weight Optimization

[lllustration Placeholder] Weight Comparison Infographic (recommended visual: balance
scale comparing Awnlux CIGS on one side and heavier crystalline silicon on the other;
annotate the 43% / 10 kg difference and include an RV silhouette for scale)

Every kilogram added to an RV’s roof or side-mounted systems affects fuel efficiency,
payload capacity, and vehicle handling. For solar-integrated awning systems, the weight of
the solar collection layer is a critical differentiator. The ultra-lightweight nature of Awnlux
CIGS fabric brings significant physical load reduction to RVs.

e CIGS solar fabric areal density: Only 1.3 kg/m? (this is the weight of the solar-active
fabric layer alone).

¢ Weight reduction vs. crystalline silicon: Equivalent-output competitor crystalline
silicon flexible panels are approximately 2.3 kg/m2, making CIGS 43% lighter.

¢ Weight saving on 4m x 2.5m area: On a standard large awning footprint of 4m x
2.5m (10 m?), CIGS fabric weighs approx. 13 kg while silicon fabric weighs approx.
23 kg, saving approximately 10 kg of weight. This is highly significant for center-of-
gravity control in roof-mounted systems.

o Complete solar awning system weight: Taking a 3m x 2m specification as an
example, a complete Awnlux solar awning system gross weight (including frame,
arms, fabric, solar cells, housing, and accessories) is controlled at approximately 42

kg.

Contextualizing the 43% weight reduction (approx. 10 kg) reveals several practical
impacts. Specific weight comparison data against other mainstream standard awnings on
the market is currently undergoing competitive benchmarking by Awnlux and will be
published in future updates. Note that standard awning (non-solar) fabric weight is much
lower than solar versions; direct comparisons must differentiate product types.

¢ Roof load contribution: The lighter CIGS solar fabric effectively lowers the vehicle’s
center of gravity, thereby improving handling stability during driving.



o Payload capacity impact: The 10 kg weight saving translates directly into additional
available payload capacity inside the RV.

o Fuel efficiency: The reduction in total system weight contributes to improved overall
vehicle fuel economy. [Data Pending]

o Competitor benchmarking data: Horizontal weight comparison data against specific
models from mainstream brands. [Competitor weight data pending]
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