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Solar Power On-board

Reducing Fuel Consumption and Emissions
Across all Vehicle Types

Fraunhofer ISE drives the full innovation chain for
vehicle-integrated photovoltaics (VIPV) — from high-
efficiency solar cell development to automotive-
grade module integration and system-level yield
simulation. Our researchers have pioneered the lami-
nation of solar cells into curved and lightweight body
panels, enabling seamless integration into virtually
any vehicle surface without compromising aesthetics
or aerodynamics.

Beyond hardware, we develop the simulation tools and testing
methodologies needed to quantify real-world solar yields
across different vehicle types, routes, and climates — providing
manufacturers and policymakers alike with the evidence base
to make VIPV a mainstream technology.

Our Services for Vehicle
Manufacturers and Suppliers

Module technology consulting

m Development of efficient cell and module tech-
nologies for integrated photovoltaics

® Production of prototypes for vehicle surfaces
Analysis of solar yield potential for usage

profiles, regions or routes
Module testing and service life analysis
m Development of energy and load management
as well as power electronics and battery systems
m Cost and life-cycle analysis
m Coordination and management of R&D projects
with industry partners

Solar module technology developed by Fraunhofer ISE for
Mercedes-Benz VISION EQXX vehicle

Durable and Highly Efficient Solar Modules

Solar modules in vehicles must function reliably over the
service life of the vehicle despite strong vibrations and
impacts. Our many years of experience in the development

of module technology form the basis for safe and long-lasting
power generation in vehicles.

® Optimized module concept minimizes yield losses due
to partial shading and curvature of the car

m Designed for the increased mechanical and thermal loads
in road traffic

® Module tests according to relevant standards for photo-
voltaic modules and vehicle components

® Measurement setups for PV modules in our accredited
laboratories.

Increased Range with Integrated Solar Cells

Every vehicle on the road is a potential mobile power plant.
With today’s high-efficiency solar cells, a roof-mounted
module of approximately 300 Wp on a typical passenger car in
southern Germany already delivers an additional driving range
of up to 1,300 km per year, or almost 10% of the average
European daily commute. The higher efficiencies of next-gen-
eration tandem solar cells in combination with the usage of

PV modules integrated into the roof of an e-truck

more vehicel areas are projected to deliver almost three
times that much. Even higher absolute energy yields are
possible on larger vehicles such as vans, trucks and buses,
making VIPV an attractive proposition across the entire fleet.

Make use of our experience. We look forward to profes-
sionally supporting you in achieving the highest yield and
aesthetics for your VIPV product or application.

High Aesthetics through Color Coating

The solar cells are designed to integrate completely and as
invisibly as possible into the vehicle body. We have developed
an optical structure that conceals the cells underneath.
MorphoColor® offers vehicle manufacturers many benefits.

B Any color choice with high saturation and angular stability

® approx. 95 percent of the efficiency of a comparable
uncoated module

Visualisation of a car roof with shingle technology and red

MorphoColor® coating




Current Projects on “Vehicle-Integrated PV"

“SolarMoves” - Modeling the Impact of Vehicle-
Integrated Photovoltaics on the Electricity Grid

To determine the potential of solar-powered vehicles in
supporting Europe’s transition to a fully electric transport
system, we are equipping various vehicle types (cars, trucks,
buses, and vans) across Europe with sensors to measure
real-world solar irradiation. The data feeds into simulation
models to predict the future charging infrastructure needs
and support EU policy recommendations.

m Validation of irradiance models by aligning satellite-
derived data with on-road measurements

® Energy flow monitoring on vehicles, including electrical
grid interactions

m Assessment of efficiency gains through solar integration

® Translation of findings into policy recommendations

“3D" — Modules for Integrated Photovoltaics

The integration of photovoltaics into existing surfaces,
devices and covers requires new module designs and thus
also module manufacturing processes. Curved modules
can be used in the roofs of e-vehicles, for example.

®m Development of an industrial laminator and the required
processes and module concepts

® Development of methods for mechanical and electrical
characterisation

Further Information

ise.link/vehicle-integrated-pv PV Module Prototypes for

Integrated PV Systems
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Contact

Dr. Martin Heinrich
Vehicle-Integrated PV
pvmod.mobility@ise.fraunhofer.de
+49 761 4588-5024

Fraunhofer Institute for Solar
Energy Systems ISE
Heidenhofstr. 2

79110 Freiburg, Germany
www.ise.fraunhofer.de/en
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https://www.ise.fraunhofer.de/en/business-areas/photovoltaics-production-technology-and-transfer/interconnection-and-encapsulation-technologies/pv-module-prototypes-for-integrated-photovoltaic-systems.html
https://ise.link/vehicle-integrated-pv

