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Software has been developed that greatly facilitates the planning 
of more tailored and economical photovoltaic power plants. For the 
first time, this planning tool can examine various parameters such 
as electricity yield and investment costs in relation to each other. 
The tool compares a wide variety of automatically generated plant 
layouts and helps to find the best solution.

Solar systems are generating an ever-increasing amount of 
electricity: Worldwide, the total output of installed photovoltaic 
systems roughly tripled between 2009 and 2011. In addition 

to rooftop systems, ground-mounted solar power plants supply large 
amounts of solar power. The planning of photovoltaic power plants 
is challenging because many influencing factors and how they affect 
one another need to be taken into account. The properties of the solar 
panels and inverters play a role, as does the positioning of the rows 
of panels in the available space, the distance between the rows, and 
the electrical connection of the components. The system layout ulti-
mately selected by the planner depends on the location, the weather 
conditions, the nature of the terrain, and the customer’s preferences. 
The system should have the lowest possible investment costs while 
providing the highest possible yield. In reality, however, power plants 
with more system capacity generally have higher investment costs.

Contradictory planning goals
Costs and yield are only two out of many contradictory planning goals. 
The objective is to find the most economical compromise. Here en-
gineers face difficult decisions, as there are many different ways that 
they can make adjustments in order to identify what might possibly 
be a better system layout. Many parameters influence each other: For 

example, although a greater distance between rows of panels reduces 
the risk of them shading each other, thereby increasing the system’s 
overall efficiency, it also means that fewer panels can be installed on 
the site, which reduces the total output of the power plant. So there 
are a wide variety of possible solutions for every plan. 

       
Figure 1:  Two possible system layouts for a photovoltaic power plant. 
The coloured rectangles represent the assignment of the solar panels to 
the respective inverters. Service routes are represented by gray lines, 
and cable paths are marked as red lines.

Planners are under time pressure
Until now, photovoltaic systems have usually been manually planned 
by engineers, a process that is very time-consuming. Often there 
is no time left to create, evaluate, and compare alternative system 
concepts for a project. Different software-supported planning tools, 
however, facilitate work for engineers and help them with tasks such 
as dimensioning cables and calculating the yield or the efficiency of a 
planned solar project. But all planning tools currently available on the 
market can view individual system layouts only in terms of just one or 
a few decision criteria. 

PVplanet software facilitates planning 
Due to the limitations of current software on the market, Siemens 
Energy joined forces with the Fraunhofer Institute for Industrial Math-
ematics ITWM to develop a new software-supported planning tool. 
Rather than using individual layouts to attempt to address the planning 
goals step-by-step, PVplanet software examines a wide variety of layout 
parameters in a single run. Based on the design specifications of the 
planner, the software generates and evaluates many different possible 
system layouts in a matter of seconds. 

The software reduces the amount of time required for preparing 
proposals by about 80 percent, allowing planners to respond more 
quickly to customer inquiries. 

Best of all, the planning tool helps engineers to quickly examine 
different layout parameters in detail and identify the best possible sys-
tem layout. The calculations performed by the software are based on 
mathematical algorithms specially developed by the Fraunhofer ITWM 
as well as on rules governing the system design based on experience 
gained in the construction of solar power plants.
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The number of photovoltaic systems installed worldwide has tripled 

over the past three years. With these systems becoming more effi-

cient and larger, more planning tool sari becoming available to allow 

optimised system design.
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Figure 2: User interface for PVplanet planning software: This graphic 
shows the degree to which the yield per installed power decreases with 
respect to the number of tables due to their mutual shading. 

Using the planning tool
•	 Area	definition
 In the first step, planners define the general conditions, such as 

the size of the area and the location of the planned system, and 
specify site-specific weather data.

•	 Selecting	components
 Next, planners can select from the types of modules and inverters 

stored in the planning tool or they can enter the information manually. 

•	 Setting	additional	parameters
 In addition, planners can set parameters such as the tilt angle, table 

distance, and service routes. Financial details can be entered, such 
as the costs for the site, components and installation, as well as 
maintenance and operating costs. 

•	 System	layouts	are	generated	automatically
 PVplanet generates suitable layouts for the solar power plant, 

showing the position of the rows of panels, maintenance routes on 
the site, the electrical cabling, and the assignment of the system 
sections to the respective inverters.

•	 Evaluation	of	the	system	layouts
 Subsequently, all the system layouts are evaluated in terms of 

their yield and efficiency: The expected energy yield of a layout is 
calculated based on the selected weather data and the sun’s path, 
taking into account all loss factors such as shading, temperature, 
and cable losses as well as inverter and transformer efficiency 
losses. To determine the efficiency of a layout, the software first 
calculates the investment and operating costs. Based on that data, 
the estimated costs for the generation of a kilowatt hour of power 
over the lifespan of the system (Levelised Cost of Energy = LCoE) 
can be determined. Based on the profit that will be earned by selling 
the generated power, the software can finally determine the surplus 

revenue as compared to the costs (Net Present Value = NPV) as well 
as the average annual rate of return (Internal Rate of Return = IRR).

•	 Comparison	of	different	system	layouts
 Now planners can easily compare different solutions by compar-

ing the desired decision-making criteria. This makes it possible to 
answer a variety of planning questions: What effect will a smaller 
number of inverters have?  How much will the yield decrease if the 
number of maintenance routes is increased, resulting in the loss 
of more surface area? At what point will a larger number of panels 
result in a declining yield because they will start shadowing each 
other? Which system layout will deliver the highest yield? Which 
has the lowest electricity production costs (LCoE)? Which layout 
provides the best compromise for achieving both goals?

Planners can use sliders to limit the range of solutions: Depending on 
which slider they activate, certain system solutions will be disabled 
that do not correspond to the desired specifications, such as: ‘The 
system should have a nominal capacity of approximately 12 MW and 
cost a maximum of 15 million euros’. This allows planners to continue 
to narrow down system layouts and ultimately present the customer 
with the most interesting options. 

Figure 3: System layouts that do not correspond to the planner’s specifi-
cations are displayed as gray dots.

Conclusion
The development of PVplanet was launched in April 2011 based on 
a previous version, which had been in development at Siemens for 
three years. Siemens Energy began testing the first version of the new 
software in April 2012. In the fall, the planning tool will be made avail-
able to the engineering teams in regional units at Siemens for further 
refinement. This innovative software was developed for in-house use 
and a patent application has been filed. With this software, Siemens is 
expanding its own planning expertise and ensuring the optimal design 
of proprietary photovoltaic systems. 
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