Economic analysis of agrivoltaics in orchard farming in Germany
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1. Introduction

Synergies from agrivoltaic systems are estimated to be especially high in combination with permanent crops
[1, 2]. Reasons are the potential full or partial substitution of cultivation system components, the smaller size
of machinery and, hence, a lower vertical clearance and investment cost compared to arable farming [2], and
the cultivation method in fixed rows without crop rotation over a longer period of time [1]. Those factors are
estimated to be economically beneficial due to lower investment costs for the agrivoltaic system, cost savings
for growing systems [2], and easier implementation of the photovoltaic system [1]. In important cultivation
regions in Germany, new growing systems in orchard farming are automatically combined with hail nets to
protect plants from hazards of hail events [3]. This leads to increased investment costs for farmers to
maintain their businesses. Climate change and the apparent rise in cropping intensity in orchard farming [4]
could widespread this trend in many parts of Germany. In this light, the potential of agrivoltaics in apple
cultivation seems promising. In this study, the economic feasibility of Germany’s first agrivoltaic prototype
in apple cultivation, which will be installed in 2021 in the federal state of Rhineland-Palatinate, is analyzed
from a farmer’s perspective.

2. Methods

The economic feasibility study is conducted with respect to the legal framework in Germany by performing a
dynamic analysis of earnings and expenditures for two different crop protection systems: (1) traditionally
used hail nets (HN) and (2) agrivoltaics (APV). First, the agricultural farming processes in orcharding is
analyzed, and subsequently the conventional crop protection system is partially replaced by an agrivoltaic
system. To examine the economic performance of the two systems, agrivoltaic sensitive parameters are
determined and changes in costs and revenues are evaluated. The average annual costs in euro per hectare for
both systems are compared, demonstrating the differences in cashflows. Furthermore, the additional profit
for agriculture (agri) in the agrivoltaic system is evaluated for cross financing the agrivoltaic system. The
scenarios without (Baseline) and with cross-financing (CF) are compared by their levelized costs of
electricity (LCOE). In addition, changes in costs are demonstrated in further detail by analyzing the average
annual costs in euro per kilogram of crop yield.

The calculations are based on a real-world case of an orchard farm within the research project “APV
Obstbau™! led by the Fraunhofer Institute for Solar Energy Systems ISE. Main assumptions are as follows:
The area of the analyzed systems is 2 hectares each. The lifetime of the agrivoltaic system is 30 years
accounting for two 15-year cycles of hail net protection system for the reference case. We consider a feed-in
tariff of 8,3 eurocent per kWh over 20 years. For remaining years, the average market price of electricity is 5
eurocent per kWh. Hails nets and their mounting structure have a lifetime of 8 and 15 years, respectively.
The agricultural yield reduction in the agrivoltaic system is 10 %.

3. Preliminary results and discussion

This section outlines preliminary results, further elaborations will be presented at the conference. With
128.490 €/ha the net present value (NPV) of HN is lower than the NPV of APV which amounts to 227.831

! Funded by the Federal Ministry of Food and Agriculture (BMEL; funding code: 2819101A19) and the Ministry of Environment,
Energy, Food and Forestry of the State of Rhineland-Palatinate (MUEEF)
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Figure 1: Cashflow of (a) HN and (b) APV by agriculture (agri) and photovoltaics (PV) with annual costs
(red), earnings (blue) and profit (green) added from left to right with lifetime of 30 years

€/ha. In the case of APV, the annual average earnings in agriculture are lower, but, overall, the additionally
lower investment and operating costs overcompensate this effect. Therefore, the profit remains higher
compared to HN. In addition, APV creates further profit due to the photovoltaic systems. Still, it is by far
more capital-intensive due to the high investment costs (see Figure 1).

The LCOE of the Baseline scenario is 6,99 eurocent per kWh. Taking the option of cross-financing the
agrivoltaic system with the created additional profit for agriculture into account, the LCOE would decrease
by 0,33 eurocents per kWh. This figure might serve as an indicator quantifying or monetarizing synergies of
agrivoltaics in apple farming.
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Figure 2: Average annual costs of the agriculture value chain of HN & APV per quantity harvested product

Details of the changes in average annual investment and operating costs are outlined by Figure 2.
3. Conclusion and Outlook

This research builds a business case for agrivoltaics as supplement to protective measures in orchard farming
by comparing it with the otherwise implemented protective systems. The findings show that, under the
assumed parameters, an investment in an agrivoltaic system appears economically reasonable. Nonetheless,
the up-front investment in agrivoltaics is more capital-intensive.
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