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Digital Prototyping and
Factory Planning

Digital development and planning methods enable
new PV module concepts to be implemented more
quickly, more cost effectively, and more sustainably.
For module manufacturers, material suppliers, and
component suppliers, Fraunhofer ISE develops pho-
tovoltaic modules and production concepts entirely
in the digital domain before the first physical proto-
type is built. Our digital tools save time and cost for

elaborate prototype manufacturing and testing. They

support you in decision making and reducing the
environmental impact of your products.

Our Offer

Digital development and evaluation of PV modules
Performance simulation and loss analysis

FEM simulation of PV modules and their compo-
nents accompanied by tests acc. to IEC 61215 in our

TestLab PV modules
Life Cycle Analysis (LCA) and ecological footprint
assessment
Techno-economic analyses and business planning
m Factory and module line planning
m Root Cause Analysis (RCA) of module defects
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The SmartCalc.Module software helps to reduce power
losses between the solar cell and module.

Maximize Module Performance

When integrating solar cells into modules, optical, geo-
metrical, and electrical effects lead to performance losses,
expressed as the cell-to-module (CTM) ratio. By creating

a digital representation of your module, we can simulate
power, efficiency, and operating behavior under any climate
or system conditions, and provide you with fair, quantitati-
ve comparisons of different designs. Our detailed modeling
uncovers loss and gain mechanisms down to the material
level. With our expertise, you can reduce CTM losses to just
1.5%.

Unlocking Cost Savings and Reliability
Trough Multiphysical FEM Simulations

Our advanced finite element method (FEM) simulations are
tailored for PV module manufacturers, EPC companies, and
investors seeking to optimize both components and produc
tion processes. For manufacturers, our digital production
twin enables you to optimize your manufacturing processes,

leading to significant cost reductions and higher yield. For
instance, frame design optimization has demonstrated a
cost-saving potential of €675,000 per gigawatt.

While standard tests often consider only single compo-
nents or single loads, our FEM models reproduce realistic
operating conditions and combined loads (e.g. thermal and
mechanical load). Thanks to the use of a high-performance
computing cluster, we are able to simulate PV modules
along with the mounting structure in great detail. This
approach uncovers failure mechanisms that traditional
methods overlook, ensuring more robust module designs
and greater system reliability in the field.

Achieve Your Sustainability Goals

We reduce your environmental impact by identifying the
critical points throughout the entire life cycle — from raw
silicon extraction and module manufacturing to end of life.
Using detailed process models and databases, we help you
to ensure compliance with carbon footprint regulations,
strengthen your positioning in rapidly growing green mar-
kets, and make informed strategic decisions.
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Integrated Business Model Support

We support PV manufacturers, start-ups, and investors in
developing robust business models that seamlessly connect
product design, manufacturing strategies, target markets, and
sales approaches. Using detailed technical and cost models,
we evaluate module technologies, production processes, and
system concepts and deliver reliable input for business plans,
CAPEX/OPEX, and payback calculations. Our specialized tools
help you identify cost drivers and optimization opportunities
across both technical and economic parameters, including
cycle times, labor, breakage, material usage, and equipment
utilization.

Make Your PV-Factory Future-Ready

We support PV manufacturers in designing, installing and
ramping up module production lines and in optimizing exis-
ting factories. By using in-depth simulation tools, we define
clear requirements for equipment selection and building infra-
structure, creating a solid foundation for detailed factory plan-
ning. Combined with our industry expertise, this approach
ensures efficient operations, smooth scale-up, and long-term
competitiveness in the PV market.
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Further Information

Contact

PV: Production Technology and
Transfer - Digital Prototyping and
Factory Planning

Dr. Andreas Beinert

+49 761 4588-5630
pvmod.tech@ise.fraunhofer.de
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