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Taman opinnaytetyon tavoitteena oli luoda alustava innovaatiomalli maatalousaurinkosahko-
hankkeiden kehittamiseen Suomessa. Opinnaytetyon aihe kumpusi omasta kiinnostuksesta
kestaviin liiketoimintamalleihin, energiamurrokseen ja maankayttoon. Myos keskeisena mie-
lenkiinnon kohteena oli tarkastella potentiaalisia uusia ansaintamalleja maanomistajille seka
erityisesti maanviljelijoille, jotta he voivat yllapitaa kestavasti ja kannattavasti myos nykyista
maanviljelyliiketoimintaansa ja ruokaturvaa Suomessa. Tama opinnaytetyo on toteutettu itse-
naisesti, eika tata ole tehty kolmannen osapuolen toimeksiantona.

Tietoperustassa kasitellaan maatalousaurinkosahkoa yleisesti, sen historiaa seka hyvia ja huo-
nakymia. Opinnaytetyossa kasitellaan myos energiamurrosta ja Suomen hiilineutraaliustavoit-
teita seka maankayttoa tahan liittyen. Myos maatalouden nykytilaa Suomessa kasitellaan ja
kaydaan lapi Euroopan Unionin yhteista maatalouspolitiikkaa (YMP, englanniksi Common Agri-
cultural Policy = CAP). Opinnaytetyossa kaydaan myos lapi kestavaa kehitysta seka kestavien
lilketoimintamallien kehittamista.

Opinnaytetyon tavoitteen saavuttamiseksi luotiin kyselytutkimus, jonka avulla oli tavoite ke-
rata tietoa maanomistajien ja viljelijoiden mielipiteista ja nakemyksista maataloussahko-
seka heidan maanviljelytoimintaansa liittyvia tekijoita, joiden pohjalta oli tarkoitus mm. sel-
vittaa, mita tekijoita maanviljelijat arvostaisivat tarkeiksi liittyen maataloussahkohankkeisiin,
mikali he itse lahtisivat mukaan tallaiseen liiketoimintaan.

Tietoperustassa kasiteltyjen teemojen seka kyselyn vastauksien pohjalta luotiin innovaatio-
malli pohjautuen kestavan arvonluontimallin viitekehykseen maataloussahkohankkeille. Tu-
loksena myos tunnistettiin nelja keskeista elementtia, joiden pohjalta liiketoimintaa tulisi
lahtea kehittamaan yhdessa eri sidosryhmien kanssa. Maataloussahkohankkeet myos tarjoavat
paljon jatkotutkimusaiheita niin teknistaloudellisista nakokulmista kuin maanviljelyn nako-
kulmasta.

Asiasanat: maatalousaurinkosahko, maanomistajat, energiamurros, kestavien liiketoiminta-

mallien kehittaminen



Laurea University of Applied Sciences Abstract
Leading Sustainable Growth

Master of Business Administration

Maria Seppala
Innovation Model for Agrivoltaics Business Development in Finland
Year 2024 Pages 61

The purpose of this thesis is to create a preliminary innovation model for agrivoltaics business
development in Finland. The subject of the thesis was born out of a personal interest in
relation to sustainable business models, energy transition and land use. One main interest was
also diversifying options on how farmland owners and especially farmers can increase their
profit from their operations sustainably in order to also maintain their current business
operation and food security in Finland. This thesis was not commissioned by any company or
organization.

In the literature review, the thesis covers the term agrivoltaics, its history, benefits and
disadvantages as well as farmers’ opinions and possible future developments. It also looks
into the energy transition in Finland and land acquisition aspects related to it, and then
proceed to cover the current state of agriculture in Finland. Agriculture in Finland is highly
influenced by directives from the European Union, and therefore the Common Agricultural
Policy is also reviewed. Theory related to sustainable business models is also looked into in
order to provide insight into how for example sustainable business model development differs
from traditional business model development.

In order to gather information regarding agrivoltaics and farmers opinions towards it, a
questionnaire was created that gathered information on farmers and landowners and their
farms’ characteristics. The purpose of the questionnaire was to gain understanding on
different possible factors that landowners would consider important in regard to agrivoltaics
systems and if they would be interested in including such systems as part of their land and
farming operations.

Based on the literature review and results of the questionnaire, an innovation model was
created to provide a preliminary framework for agrivoltaics business development in Finland.
The questionnaire consisted of both qualitative and quantitative questions. The main finding
of the thesis is that there are four key topics which should be addressed and examined
thoroughly in the agrivoltaics business development phase through a sustainable value
proposition framework. Agrivoltaics is also a subject that provides a vast amount of topics for
further study - from technical and financial aspects to farming practices and crop varieties.

Key words: agrivoltaics, landowners, energy transition, sustainable business development
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1 Introduction

The purpose of this thesis is to develop a preliminary innovation model for agrivoltaics busi-
ness development in the early stages of the business and specifically targeted towards the co-
creation of the business model with one of the key stakeholders - landowners and farmers.
Agrivoltaics refers to the dual use of land in which agricultural crops and solar panels are both
placed in the same area in order to make more efficient use of the land for both food and
energy production. In the beginning of the thesis, the term and principle of agrivoltaics sys-
tems is reviewed as well as the possible benefits as well as disadvantages of the systems.
Farmers’ opinions and adaptation to such systems as well as new innovations in general are
also looked into as well as the future development of agrivoltaics systems. Then | proceed to
briefly review the current energy transition and carbon neutrality goals in Finland from the
perspective of solar energy and land acquisition. The following chapter after this focuses on
the current state and future predictions of agriculture in Finland. Then | examine the mean-

ing of sustainability in general as well as sustainable business models and innovation.

Based on the theoretical information presented in the chapters, a questionnaire was built and
presented to farmers and farmland owners. The goal of the questionnaire was to gather in-
formation and to provide insight to the thoughts of farmland owners related to agrivoltaics in
order to gain knowledge if agrivoltaics is something farmers and landowners would be inter-
ested in integrating into their operations, and if so with what terms, and if not, then to clari-
fy the reasons why the option of agrivoltaics currently would not be a viable option to them.
Based on the gathered information and literary review, a theoretical guideline and key ele-
ments to focus on when developing an agrivoltaics business was created, so that the main
issues and concerns of farmers and landowners can be focused on when developing the busi-

ness model together with different stakeholder groups.



2  Literary review

The following literary review consists of different themes that are related to agrivoltaics and
agriculture, energy transition and sustainable business development. These different themes
are interlinked when considering the goal of this thesis which is to create a preliminary inno-
vation model related to agrivoltaics business development in Finland. The purpose of the
model would be to some extent provide a guideline on how to proceed with such business
development, when considering the challenges and benefits of agrivoltaics to farmers and
other related stakeholders in the current market environment, which is affected by energy
transition and carbon neutrality goals as well as the current situation of farmers and the chal-

lenges the agricultural sector is currently facing.

2.1 Agrivoltaics

In this chapter | explain the term agrivoltaics and the background and history related to it. |
then review the benefits and disadvantages of agrivoltaics that have been studied thus far
and also look into the growing market related to solar power and agriculture dual use in dif-

ferent countries as well.

2.1.1 History and recent developments of agrivoltaics

Agrivoltaics (also known as Agri-PV and maatalousaurinkosahko in Finnish (Suontlahti 2024, 3))
is a term that describes the combination of agriculture and energy production via solar panels
on the same area of land. The term originates from the 1980’s when Armin Zastrow and Adolf
Goetzberger researched the possibilities for dual use of farming crops and implementing solar
panels in the same land area. Adolf Goezberger is the founder of Fraunhofer Institute of Solar
Energy Systems - a German establishment focusing on applied solar energy research founded
in 1981. More experiments and research on the matter have been performed in recent years
and for example research done by Dupraz et. al (2011) is widely cited as it suggested that
agrivoltaic systems could have 35 - 73% increase in global land productivity. (Dos Santos 2020,
10-11; Dupraz, Marrou, Talbot, Dufour, Nogier, & Ferard 2011, 2725; Fraunhofer ISE, 2023)
Term agrivoltaics is commonly used, but also terms agrophotovoltaics, agrovoltiacs and pho-

tovoltaic agriculture can be used (Chalgynbayeva, Gabnai, Lengyel, Pestisha & Bai 2023, 9).

Switching to renewable energy resources is required in order to tackle climate change and
solar power is seen as a viable option to reduce emissions in different countries in order to do
so especially due to the decreased cost of the panels in recent years (Reasoner & Ghosh 2022,
1; Dias, Gouveia, Lourenco & Seixas 2019, 725). The implementation of large-scale photovol-

taic systems however can bring up conflicts related to land use, since the ideal conditions for



photovoltaic panels are areas with great amount of exposure to solar radiation, light winds,
low humidity as well as moderate temperatures. The same conditions are also ideal for agri-
cultural crops, which means that the large-scale photovoltaic systems can be seen as a com-
petitor for agriculture land use (Dinesh & Pearce 2016, 1-2; Adeh, Good, Calaf & Higgins 2019,
3).The COVID-19 pandemic and the war in Ukraine has had their effect on the global supply
chains, food security as well as energy prices and financial markets in general, and consider-
ing the effects climate change also has in different areas around the world directly and indi-
rectly for both agriculture and energy consumption and infrastructure, agrivoltaics can be
seen a one solution to provide both food security and energy security and this way increase
the resilience of energy and food systems. (Chalgynbayeva, Gabnai, Lengyel, Pestisha & Bai
2023, 1 & 4)

2.1.2 Benefits and disadvantages of agrivoltaics

One of the main benefits of agrivoltaics is considered the opportunity of dual use of land as it
is a way of combining the production of clean and renewable energy as well as food produc-
tion. This way it promotes resource efficiency, provides a solution to the conflict between
choosing one over the other (energy vs. food production) when it comes to land use and also
creates a new source of income to farmers and make their business more profitable. Based on
a study by Fraunhofer ISE (2017) the dual use of land can increase the land use efficiency by
60% (Figure 1).

Separate Land Use on 2 Hectare Cropland

1 hectare 1 hectare
S St

100% wheat + 100% solar electricity =

100% wheat
100% solar electricity

Combined Land Use on 2 Hectare Cropland: Efficiency increases over 60%

1 hectare 1 hectare

e Nt
80% wheat + 80% wheat — 160% wheat
80% solar electricity 80% solar electricity — 160% solar electricity

Figure 1: Land use comparison between wheat and solar electricity (Fraunhofer ISE 2017)



However, the investment cost for agrivoltaic systems is higher than regular photovoltaic sys-
tems. With agrivoltaics system, the factors increasing the cost are primarily due to mounting
structures, site preparation as well as soil protection which require more careful considera-
tion than regular photovoltaic systems. (Chalgynbayeva, Gabnai, Lengyel, Pestisha & Bai
2023, 6)

Agrivoltaic systems can also benefit the crops itself by aiding their growth by creating a mi-
cro-climate underneath the panels due to the shade they provide, which can increase soil
moisture and lower the temperature, and this way reduce the need for additional irrigation
which helps reserve water itself but also provide additional savings. Considering this, agri-
voltaic systems could provide possibilities for better crop yield in climate areas that suffer
from excessive heat and lack of water. Micro-climates can also help increase the panel effi-
ciency, due to its cooling effect, since higher temperatures correlates with decreased photo-
voltaic panel efficiency. However, a lot is depended on the optimization of the panel layout,
so it is important to find the most suitable layout and orientation of panel angles that provide
both the benefits to the crop and soil but also consider the optimal factors from energy pro-

duction perspective. (Reasoner & Ghosh 2022, 6-10)

While dual land use can be seen as a benefit, there are still many problematic factors to ad-
dress when combining agrivoltaic systems and farmland. Photovoltaic systems usually take up
a very large amount of land area, which can create social acceptance issues with local com-
munities. The photovoltaic systems can also be seen as counteracting sustainability goals such
as biodiversity preservation while they would in turn provide renewable energy. (Scognamiglio
2016, 630)

Based on research done by Chalgynbayeva et. al (2023, 20), the main crops that have been
studied regarding agrivoltaic systems have been wheat, barley, tomato, lettuce, and soybean.
They suggest in their research, that for agrivoltaics system development to move forward,
more comprehensive studies should be conducted with other crops as well and include other
factors into the research such as technical and social adaptation, long term economic conse-

quences as well.

Since the overall effects of large scale photovoltaic systems to environment is not yet fully
known and researched, Sanna Andersson from the Ministry of Environment highlights in an
interview in Maaseudun Tulevaisuus, that ideally large scale photovoltaic systems would be
built on brown fields and in areas that already have built environment present, since there is
no solid information yet on how the panel installations will affect soil conditions and if re-
turning the land to agricultural use after the photovoltaic system has reach the end of its

lifecycle is actually possible. (Koskiahde 2023 A) While investing in renewable energy can be
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seen as a positive thing, environmental aspects need to be considered more holistically and
for example if forests are cut down due to the construction, this will have negative affects
when considering carbon capture. Also, if agricultural land is used for large scale photovoltaic
systems this can be seen problematic for example from the perspective of security of food
supply even though the energy investment then on the other hand could increase the security
of energy supply. (Koskiahde 2023 B) Currently the Finnish Food Authority has defined, that
land which is allocated to solar panels is not applicable for farming subsidies, but if the area
between panels is otherwise applicable for agricultural use and if the area is wide enough to
enable farming, this area can be considered applicable for farming subsidies, if the farmer
applying the subsidies is in control of the land area in question and if the panels do not cause

harm to the crops via shading. (Ruokavirasto 2024)
2.1.3 Farmers opinions and attitudes towards agrivoltaics

Chalgynbayeva et. al (2023, 20) also highlight in their study, that it would be important to
study why farmers would accept agrivoltaic systems as part of their operation and approve
those to be installed to their land, stating that valid business cases related to agrivoltaic sys-
tems are required in order to make them more known and attractable to landowners and
farmers. Based on a study conducted by Pascaris, Schelly and Pearce (2020) the main concern
that emerged regarding agrivoltaic systems was land viability - meaning that while he possi-
bility of additional revenue and more stable income through energy production was recog-
nized and appreciated, farmers needed more reassurance that the land would remain viable
and in good quality for agricultural use in the future as well. As business owners, farmers also
highlighted the need for flexibility and adaptation to changing market conditions regarding
the implementation of agrivoltaic systems. The contracts to rent the land for photovoltaic
systems are usually long, and in the research one person had mentioned that if the contract is
signed for 25 years, during that time the agricultural market can change drastically and this
could then in turn change the need for the use of the land in the agricultural operations
somehow, and the long contracts might hinder the business operation adaptability to the
change and the resilience of it through that. Trust between the farmers and companies in-
volved in the agrivoltaic system build up, operation and maintenance was also seen as a key

element. (Pascaris, Schelly Pearce 2020, 5-6, 9)

Regarding traditional photovoltaic systems, Maaseudun Tulevaisuus created a questionnaire
that was targeted to landowners near Oripaa to ask about ongoing investments related to
photovoltaic systems and what to ask landowners opinions on them. Based on the results, in
the area where the questionnaire was sent, there were approximately 3 000 hectares that

were in process to be reserved for photovoltaic systems, and partially this would cover crop
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lands and forests as well. Mainly the attitudes were described as positive, but negative con-
cerns were also brought up, and for example the changes in the traditional countryside land-
scape are something that people find troublesome. Municipalities are also interested in the
projects since it brings real estate tax income to the municipalities. For the landowner itself,
the rent prices vary from a few hundred euros to 2000-3000 euros per hectare. (Niittymaa
2023)

2.1.4 Sustainable intensification - early adopters and farmers motivations

The agricultural sector is facing challenges globally to feed the growing population while
adapting to climate change. As also discussed in chapter 2.1.2., with the rise of renewable
energy demands, the need for land is also increasing in this area and solar energy especially is
highly land intensive. Sustainable intensification refers to land use practices that increase
cropland productivity while minimizing environmental externalities. Khanna and Miao (2022)
present in their research elements that can support farmers adoption to, for example agri-
voltaics. These understandably include behavioral factors such as farmers personality, atti-
tudes toward changes, personal values, farming objectives as well as social factors such as
social norms and involvement in social comparison. They also find that since there are many
factors that influence the farm’s characteristics - such as soil quality, location, size, water
availability, environmental sensitivity - technology adoption of farmers is influenced by the
farm’s characteristics. Enabling environment also plays part in adopting innovation and tech-
nologies as well as financial incentives, but the since the adoption willingness is affected by
different variables related to the characteristics of the farm and farmer itself, there is not

one singular formula to determine the willingness to adopt. (Khanna & Miao 2022, 2, 9-10)

David F Midgley and Grahame Dowling also provide a simplified model that can be used to
detect and analyze what factors enhance early adoption and later adoption (Figure 2). The
innate innovativeness or lack of it provides the starting point, which then provide a route
where the willingness to adopt new innovations depends on the interest or lack of it related
to the product category, favorability of the situation or communicated experience, which
then can lead to either early adoption or later adoption or no adoption at all if there are no
interest in the product category, no favorable communicated experience received during the
process or no favorable situation present. If there is interest in the product category, favora-
ble experiences received and favorable situation present, early adaptation is more likely to
happen. (Midgley & Dowling 1978, 237)
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Innate Innate non-
innovator innovator

Interested in Not interested Interested in
product in product product
category category category

Favorable Favorable Unfavorable

Favorable Unfavorable communicated il communicated communicated
situation situation experience experience experience
received earlier received later received earlier

Favorable Unfavorable Favorable
situation situation situation

Earlier adoption Later adoption

Figure 2: Based on Midgley and Dowlings simplified tree version of the adoption willingness (Midgley &
Dowling 1978, 237)

2.1.5 Agrivoltaics future developments

Agrivoltaic systems are seen as one solution to move towards clean energy transition while
maintaining food security. The agrivoltaics market is expected to be worth 9,3 billion USD by
2031. However, subsidies from the government will most likely be required in order to pro-
mote the growth as well as legislation modifications in order to accelerate the implementa-
tions. (Shoeck 2023)

Countries such as Croatia and Italy have made efforts to alleviate the bureaucracy related to
agrivoltaic systems to facilitate the future deployment more efficiently and to separate the
application procedures from regular photovoltaic projects (Matalucci 2023; Maisch 2023). In
France agrivoltaics is also seen as one of the key elements for the country to detach itself
from fossil fuels in the upcoming years (PV Magazine 2023). In United States, senators Martin
Heinrich from the democratic party and Mike Braun from the republican party proposed the
Agrivoltaics Research and Demonstration Act which would provide funding 15 million USD per
year during 2024 to 2028 targeted for agrivoltaics research and demonstration projects (Hein-
rich 2023).



13

Based on research made in Aarhus University, agrivoltaic systems could have the potential
capacity of 51 TW in Europe, while producing up to 71 500 TWh of electricity per year. This is
28 times higher than current electricity demand in Europe. However, the suitability of land
area varies greatly between countries, for example only 1% of Norway’s land area can be con-
sidered suitable for agrivoltaics, while in Denmark the amount of area can be up to 58 %.
(Khan Niazi & Victoria 2022, 10)

2.2  Energy transition in Finland

In the following chapter | examine the currently on-going energy transition in Finland by re-
viewing the carbon neutrality goals to which Finland has committed to and examine what
these mean from the renewable energy perspective. | then investigate specifically the status
of solar energy in Finland and also land use and land acquisition aspects related to renewable

energy production.

2.2.1  Carbon neutrality goals and transition to renewable energy

Finland aims to be carbon neutral by the year 2035. The policies set in the European Union
provide guidelines and demands also for Finnish climate policies, and the EU has set out a
target to be the first carbon neutral continent in the world by the end of 2050. In the national
Medium-Term Climate Change Policy Plan national emissions are analyzed through effort shar-
ing sectors, that include building-specific heating, off-road mobile machinery, agriculture,
transport, waste management ja F-gases. The current state of each of these factors are pre-
sented in the plan as well as strategies and actions to minimize emissions in the future.

(Ymparistoministerio A)

The emission reductions related to agriculture are said to mainly be following the procedures
of European Union’s commons agriculture policy which is discussed more in chapter 4.2. In
the policy plan the focus areas related to decreasing emissions caused by agriculture is fo-
cused mainly on limiting clearing of new farming fields, limiting peat lands use in farming,
afforestation, increasing farming practices that promote carbon capture as well as promote
organic farming. The plan also highlights factors such as changing diets preferences and
avoiding food waste as actions that every person can act upon to support the emission reduc-

tions related to agriculture. (Ymparistoministerio 2022, 103, 107-116)

From an energy perspective the plan highlights the Renewable Energy Directive, the Energy
Efficiency Directive, and the Directive on Energy Performance of Buildings, which are com-
mon directives for the European Union. The purpose of the Renewable Energy Directive is to

promote the use of renewable energy in the overall electricity production, heating, cooling
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and in traffic. The directive does not determine national goals, but each member country is
to set the targets for themselves in such a way, that all member countries combined the
amount of renewable energy use within EU is at least 32 % from the overall end use of energy
by the year 2030. (Ymparistoministerio 2022, 32) Finland has set its target to be at least 51 %

of renewables from the overall end use by the year 2030. (Motiva 2024)

Finland’s transmission operator Fingrid has said that sector integration will help reach this
goal, and they published Energy System Vision 2023 which consists of four different visions for
energy systems and electrification in Finland for the upcoming decades. The four visions con-
sist of 1. Power to Products, 2. Hydrogen from Wind, 3. Windy Seas and 4. Local Power. The
different visions are based on different potential scenarios and then examine how the scenar-
ios will affect, for example the transmission infrastructure and its development. In the Power
to Products scenario Finland will become a significant importer of P2X products that refer to
for example carbon neutral synthetic fuels such as green hydrogen, e-methanol, and e-
kerosene, which will mean in turn that wind and solar power production will increase signifi-
cantly. (Fingrid 2023, 7; Fingrid 2020; Fingrid 2020 B; @rsted 2023)

Hydrogen from wind is similarly a scenario, where Finland will produce green hydrogen which
is enabled through renewable energy systems. In the Windy Seas scenario, the electricity
production via wind farms is focused in offshore wind farms and the transmission of electrici-
ty from the west coast to consumption concentrations will provide challenges to the transmis-
sion infrastructure. In the Local Power scenario, the consumption of energy is not as massive
at it is thought to be in the other three scenarios, and the focus of the production will be on
the southern parts of Finland near the main consumption areas and means of electricity pro-
duction is a balanced mix of wind and solar power as well as nuclear power provided by small
modular reactors (SMR). (Fingrid 2023, 7)

Sector integration (also known as sector coupling) is seen as one of the means to achieve a
more sustainable energy system in the future. It basically means, that for example different
industry sectors overlap and help adjust the energy systems as well as act as an energy pro-
vider. This means that for example electric cars can be used as energy storages and large
factories that produce excess heat as a byproduct in their production can provide that heat to
the district heating system. In the future, the sector coupling will intensify and different
kinds of digital solutions as well as artificial intelligence solutions will enable the develop-
ment of sector integration. (VTT, 4, 10; Energinet) In relation to agriculture, sector integra-
tion is seen as the use of residual products that come from agricultural operations. (Ener-

ginet)



15

2.2.2 Solar energy in Finland

Solar energy is one of the renewable energy sources, and the use of it has grown steadily in
Finland for the past years and in 2021 the capacity of solar electricity grew approximately 100
megawatts. Most of the solar electricity systems connected to the grid currently are less than
1 MW. From the plant register maintained by the Energy Authority in Finland there were all
together 12 over 1 megawatt (maximum capacity) solar plants in Finland in April 2024 with
the combined capacity of 50,2 MW. The amount of large-scale solar plants has grown rapidly,
since in June 2022 the combined capacity was 4,6 MW, and a year later in June 2023 it was 34
MW. According to the Energy Authority, the off grid solar electricity capacity in June 2023
was approximately 22 megawatts. The off-grid capacity consists mainly of panels attached to

summer cottages and other private residents. (Energiavirasto 2022, Energiavirasto 2023)

Despite the longer darker period due to winter, solar energy is a very viable option as a re-
newable energy source in Finland. The irradiation in Southern Finland is for example compa-
rable to the levels of Northern Germany and the use of solar power in Finland is supported by
the summer season, during which the sunlight is available almost round the clock. The effi-
ciency of the solar panels is also better in cooler climates, which promotes the use of the
panels in Finnish climate. In higher latitude areas, the direction of solar rays is lower, which
also provides the option to attach panels on vertical surfaces, for example on the walls of
supermarkets and industrial buildings. Vertical mounting then minimizes the negative effects
of snow covering the panels, which is usually the case with panels mounted on rooftops. (Mo-
tiva 2022; Vattenfall 2022; Formolli, Lobaccaro & Kanters 2021, 2)

2.2.3 Land acquisition for renewable energy production

Transition from fossil fuels to renewable energy production will increase the need for land
use related to energy production. Renewable energy will require roughly four to six times the
land area when compared to coal per unit of electricity produced. (Kennedy & Qayyum 2023,
3) Ideally the land used for large scale renewable energy production would be areas that are
called brownfields, which refer to land areas that might have been contaminated with haz-
ardous chemicals such as pesticides or heavy metals, and which are not possible to be used
for land development unless the area has been thoroughly cleaned and cleared from the con-
tamination. Brownfields are areas which are usually located in old industrial areas for exam-
ple and can provide challenges for cities since real estate development for such areas is not
an attractive option in most cases. Greenfield development in turn refers to development
done to previously undeveloped land, such as rural agricultural land. Therefore, it can be
considered that the more socially acceptable way to increase solar power capacity is to build

the required infrastructure on areas that are considered brownfields, since they already tend
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to have certain level of infrastructure in place and the land has already been developed to a
certain extent. This way increasing the amount of renewable energy would not take away
from food production, housing, tourism, and other more socially accepted priorities for land
use. (Adelaja, Shaw, Beyea & Charles McKeown 2010, 7021-7023)

In Finland, companies such as Solarigo, Neova Group, Ilmatar and OX2 provide information on
their website to landowners regarding the land acquisition process related to renewable en-
ergy and encourage landowners to contact them. Neova Group mentions that for solar power
generation, they mainly look for large peat extraction sites that are no longer in use while
0OX2 mentions that they also look for low yield farmland. (Neova Group, OX2, Solarigo, Il-
matar) For municipalities, the real estate tax income makes solar power projects attractive,
since they can be even higher than the rent per hectare. (Pesu 2023) Using farmland solely
for solar power plants has created concerns for farmers in Spain, since they are concerned
that the energy companies renting the land take advantage of the landowners by not creating
beneficial contracts with the farmers, and the Spanish government has made it easier for
energy companies to get access to farmland. The farmers also share their concern regarding
the price of farmland going up since the solar plants are taking up space from agriculture,

and how it will affect the future of agriculture and food production in Spain. (Salmi 2023)

The Central Union of Agricultural Producers and Forest Owners (Maa- ja metsataloustuottajain
Keskusliitto in Finnish, abbreviation MTK) provides assistance and guidelines for landowners
related to wind farm and solar energy land acquisitions for example giving out contract tem-
plates for landowners to use as well as legal assistance. The Union has also created a guide-
book related to wind farms for landowners in order to provide information but also to ensure
that landowners are aware of their rights when it comes to dealing with energy companies
that are interested in land acquisitions. (MTK; MTK 2022)

2.3 Agriculture in Finland

The following chapter 2.3.1 briefly covers the current state of agriculture in Finland by re-
viewing the current structural conditions as well the profitability aspects of farms. In chapter
2.3.2 the European Union’s Common Agricultural Policy is examined and in chapter 2.3.3 the
future predictions of agriculture in Finland are analyzed from the perspective of what the
structural changes related to for example the average age of farmers and majority agricultur-

al landowners will mean in the upcoming years.
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2.3.1 Current state of agriculture in Finland

In 2022 there were 43 611 practicing farmers and commercial gardens in Finland. Throughout
the decade the number of farms has declined almost 22 % while at the same time the average
size of farms has increased by 11 hectares. In 2012 the average sized farm was 41 hectares
while in 2022 it was 52 hectares. The growth can be explained by the structural change that
is happening in the agricultural sector - older farmers are shutting down their business when
there is no suitable person to carry on the practice and this frees up land for active farmers
to rent out or to buy. The average age of active farmers in 2022 was 54, and less than 14 % of
farmers in 2022 were below 40 years old. One third of the agricultural land currently in use in

Finland is owned by farmers in the age group 55 - 64. (Latvala, Vare & Niemi 2023, 54-55)

Global events and geopolitical issues also have their effects on the Finnish agricultural sector.
Russia’s war on Ukraine has caused limitations to the supply of fertilizers and thus raised their
price. The price of other production inputs - such as gas and electricity - have also risen in
the past few years, which have had negative effects on the profitability of farms, which also
depend highly on varying weather conditions as well and globally especially drought is a prob-
lem in the Middle East, Argentina, and certain parts of the USA (Luke 2022). The average
profitability coefficientof farms in 2022 was 0,46 and the average salary of a farmer was 7,5
euros per hour while the return on equity was 1,5 %. Profitable farms usually co-operate more
between other farmers than non-profitable farms, and farmers who run a more profitable
business are usually more open to using new technologies and developing their skills in various
areas such as marketing and sales in addition to farming. While there isn’t a fit for all solution
to a profitable farming business, being up to date on current developments through various
news outlets, professionals and educational opportunities can assist in increasing profitability
of the farming operations as well as taking care of the physical and mental health of the
farmer itself to maintain and upkeep the ability to work. (Latvala, Vare & Niemi 2023, 57;
64-65 ).

2.3.2 Common Agricultural Policy

Common agricultural policy (abbreviation CAP) is a partnership between farmers and society
in the European Union. The main goals are to safeguard European farmers and enhance the
productivity of agriculture and sustainable management of natural resources within EU coun-
tries. It also sets out to tackle climate change and maintain landscapes and rural areas across
the EU. One other main goal is also to ensure a stable supply of affordable food for EU citi-
zens. (European Comission A) The current CAP period is built around 10 key objectives for the
period 2023-2027, which each EU country has used as a guideline for their country specific

CAP strategy, which are listed below and shown in Figure 3. (European Comission B)
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Figure 3: The 10 objectives of common agricultural policy (European Comission B)

For example, with climate change action, the target is to contribute to the mitigation of cli-
mate change by, for example, promoting renewable energy. Vibrant rural areas, fair income
and generational renewal means that actions are taken to make sure farmers can make a
living with their operations, that the operations itself is attractive enough for the next gener-
ations to continue and thus enable vibrant rural areas. (European Comission B) The focus in
Finland related to the CAP objectives is active food production, environmentally friendly ag-
riculture and countryside that promotes vibrant rural areas as well as generational renewal.
In addition to this, one of the key elements is also to promote knowledge and innovation as
well as digitalization. The goal of the strategy is to ensure a fair income for farmers. (Maa- ja

metsatalousministerio)
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2.3.3 Future predictions regarding agriculture

By the year 2030 it is predicted that the number of farms in Finland will decrease to around
35 000. One of the main trends in the future is predicted to be the increase in farm size while
the amount will decrease. Currently one fifth of the largest farms in Finland produce almost
60 % of the agricultural products in Finland. On the other hand, profitability can be achieved
through specialization - meaning that the farm can further produce the products at the farm
as specialized end products. In the year 2030 data will also play a major role in agriculture.
Currently data is already collected from various data points related to for example feeding
plans of cattle, milking machinery and crop land productivity and quality. As digitalization
moves forward, more integrated systems will be in place that will help optimize farming prac-
tices and enable more profitable operations. (Latvala, Vare & Niemi 2023, 65-67; Pesonen,

Haapala, Hyvaluoma, Kallio, Karjalainen, Linn & Ruponen 2022, 4)

Climate change, carbon neutrality goals, sustainability topics such as loss of biodiversity as
well as sustainable food systems in general create both challenges and opportunities for the
agricultural sector in the future. Due to global warming, the viable timeframe for growing
crops might increase, but this can also promote the spreading of different diseases that affect
crops and animals. The benefits of longer periods of warmer weather however depend on how
the rainfall is spread throughout the growing season. Farmer also need to prepare for chang-
ing conditions through careful crop selection in favor of more resilient varieties and with suit-
able farming practices. (Lehtonen & Ramo 2022, 425; Ilmasto-opas) For example carbon cap-
ture through farming practices promotes circular economy and increases the sustainability of
the farming operations, and different payment scenarios and mechanisms related to carbon
capture has been examined by the Policy Department for Structural and Cohesion Policies in
the European Union which are presented in the Figure 4, where MRV means measurement,
reporting and verification. Therefore, while climate change will inevitably have its negative
effects on agriculture, through mitigation efforts this can also mean new revenue opportuni-
ties for farmers. (Andrés, Doblas-Miranda, Rovira, Bonmati, Ribas, Mattana, & Romanya 2022,
76-78)
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Figure 4: Models for carbon sequestration payments and mechanisms (Andrés, Doblas-Miranda, Rovira,
Bonmati, Ribas, Mattana, & Romanya 2022, 78)

2.4  Sustainability and business models

This chapter provides insight into sustainability and the planetary boundaries, sustainable
development in general as well as sustainable business model creation. | examine what are
the main drivers for creating new businesses with a focus on sustainability aspects and what
kind of benefits are there to be established when taking different aspects of sustainability

into account when creating and developing business models.

2.4.1 Sustainable development

The definition of sustainable development originates from the Brundtland report published by
the United Nations in 1987. Sustainable development can be described as actions - such as
innovation and development patterns, consumption, and production of goods - that meet the
current human needs without hindering the futures generations’ ability to meet theirs.

(Brundtland 1987, 16). Sustainable development can be seen comprising from three different
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pillars which are environmental, economic, and social sustainability. Often a fourth pillar is
considered as well, which consists of a cultural or human centric viewpoint. The fourth pillar
is also often linked with the social sustainability pillar. (Savelyeva & Douglas 2017, 219; Fu-

ture Learn 2017; Ymparistoministerio B)

Environmental sustainability means taking environmental aspects and the environmental car-
rying capacity into consideration when making decisions, to for example prevent loss of biodi-
versity and ensure a rational use of natural resources in a way that the environmental condi-
tions would not deteriorate for future generations. Economic sustainability refers to financial
stability and steady economic growth which in turn enables wellbeing. Mismanaging of assets
and increasing debt does not support sustainable economic growth, which then affects also
for example the social sustainability negatively. One of the main goals in social sustainability
is to maintain and possibly improve the living conditions of future generations from the social
perspective, which include for example improving equality as well as improving the accessi-

bility of education globally. (Future Learn 2017; Ymparistoministerio B)

In the year 2015 the United Nations launched their 2030 Agenda for Sustainable Development
which built on the work United Nations had previously done for example through the Milleni-
um Development Goals. The Millenium Development goals were established in 2000 and the
target was to reduce extreme poverty by 2015. The Sustainable Development Goals consists
of 17 different areas of development such as decent work and economic growth, clean water

and sanitation and affordable and clean energy (Figure 5). (United Nations 2024)
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Figure 5: The 17 UN Sustainable Development Goals (United Nations 2024)
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When talking about sustainability and sustainable development, perhaps one of the most
known frameworks related to sustainability in addition to the Sustainable Development Goals
is the planetary boundaries originally formed by Rockstrom et. al. and which can be seen in
Figure 6. The planetary boundaries consist of nine different aspects which are defined as at-
mospheric aerosol loading, rate of biodiversity loss, land system change, global freshwater
use, biochemical flow boundary divided into nitrogen cycle and phosphorus cycle, strato-
spheric ozone depletion, ocean acidification, climate change and chemical pollution. Accord-
ing to the research group, the nine boundaries cover important global biogeochemical cycles,
biophysical features of Earth, the three major circulation systems as well as aerosol loading
and chemical pollution which are considered the two most critical features associated with
anthropogenic global change. Biogeochemical cycles refer to the cycles of carbon, water,
phosphorus, and nitrogen. Land systems, marine and terrestrial biodiversity are considered as
the biophysical features of Earth, and these have a major contribution to the resilience of
Earths self-regulatory capacity. Oceans systems, climate and stratosphere are the three ma-
jor circulation systems. (Rockstrom, Steffen, Noone, Persson, Chapin, Lambin, Lenton,
Scheffer, Folke, Schellnhuber, Nykvist, de Wit, Hughes, van der Leeuw, Rodhe, Sorlin,
Snyder, Costanza, Svedin, Falkenmark, Karlberg, Corell, Fabry, Hansen, Walker, Liverman,
Richardson, Crutzen & Foley 2009, 7).
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Figure 6: Planetary boundaries (Rockstrom et. al 2009, 23)
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The model illustrates the nine different boundaries, and the center of the spiderweb-like
figure represents the safe operating space highlighted in green. The research group had de-
termined quantifiable control variables for all boundaries except chemical pollution and aero-
sol loading, which remained unquantified. The dots and lines between them represent the
development of the control variable starting from 1950 to present. From figure 6 it can be
seen that at the time the research was made, three boundary levels were already exceeded.
Human behavior and actions that affect the Earth system - such as deforestation and its di-
rect and indirect effects - are actions that affect the control variables negatively and thus
result in exceeding the safe operating space of the boundary. The boundaries can also be
interlinked in a way, that when a certain boundary is exceeded, it can influence the control

levels of other planetary boundaries. (Rockstrom et. al 2009, 18, 20 & 23)

An update on the boundaries was made in 2015 by a research group consisting of mostly the
same researchers as the original research group. At that time, their research determined that
while the levels in stratospheric ozone depletion, climate change and ocean acidification as
well as freshwater use had remained almost the same, some boundary levels such as land
system change had expanded over the safe operating threshold, and the phosphorus cycle
included in the biogeochemical flows had expanded past the boundary level of 2009. Some
modifications to the boundaries were also made, for example chemical pollution boundary
had been renamed into novel entities in the 2015 version, which refers to new substances,
modified life forms and new forms of existing substances that may have potential to create
unwanted effects on the biological and/or geophysical systems. Visualization of the updated
boundaries can be seen in Figure 7. (Steffen, Richardson, Rockstrom, Cornell, Fetzer, Ben-
nett, Biggs, Carpenter, de Vries, de Wit, Folke, Gerten, Heinke, Mace, Persson, Ramanathan,
Reyers & Sorlin 2015, 8 & 9; Rockstrom et. al 2009, 23)
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Figure 7: Planetary boundaries in 2015 (Steffen et. al., 8)

Kate Raworth based her own economic model - the Doughnut model - on the planetary
boundaries as well originally in 2011 and in 2017 she published a book describing the econom-
ic model further. The center area of the doughnut is divided into twelve basic human needs
and essential elements, such as water, housing, gender equality, health, and food. Raworth’s
model therefore also considers the social aspects of sustainability as well. While in Rock-
stroms et. al. model, the center of the figure is seen as the safe operating space, in Raworths
model, the center of the doughnut figure can be considered as a negative space, which visual-
izes the possible shortfalls of each inner element. The outer area provides similar ecological
boundaries for the Earth system created by Rockstrom and his research group. The area of the
doughnut itself - between the ecological ceiling and the social foundation - represents a simi-
lar safe operating space for humanity referred to in in planetary boundaries model, where the
basic human needs are met in a sustainable way that does not create harm on the ecological
boundaries. The visualization of Raworth’s Doughnut model and its different boundary ele-

ments can be seen in Figure 8. (Raworth 2017, 45 & 51)
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Figure 8: The Doughnut of social and planetary boundaries (Raworth 2017)

In May 2023 another update on the planetary boundaries was made by a research team led by
Rockstrom. Figure 9 visualizes the latest version of the boundaries - which similarly as Ra-
worths doughnut model - considers aspects of human wellbeing in addition to the previously
emphasized earth system resilience. Red line indicates a safe boundary for the sector, blue
line indicates the just line - meaning, that while it might be safe from earth system resilience
perspective to reach the red boundary, it is not necessarily safe from the perspective of a
just society. Green line indicates a boundary where the safe and just boundary are aligned.
The small globe figure indicates the current situation of each sector, and green dotted circle
is a boundary for the minimum safe level of access to basic human needs such as water, food

and energy. (Rockstrom et. al 2023, 103-105)
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2.4.2 Business models

Business model can be seen consisting of three aspects:

1. Value proposition
2. Value creation and delivery system

3. Value capture

Value proposition refers to the product and service offering a company provides to bring value
to its customers. The key element of the value proposition is also the strategic viewpoint of
the company which can be summarized in the following question - what will make the compa-
ny’s offering to the market more appealing to customers compared to the competitive com-
panies? Value creation and delivery systems refers to the way in which company has organized
its processes and resources to create and deliver value to its customers in a competitive way
(Richardson 2005, 12-16).

Value capture can be seen consisting of two elements - revenue model and the economic
model - where the revenue model focuses on describing the revenue that a company receives
in exchange from the value it has provided to its customers, and the economic model can be

considered to include also other financial aspects of a company that are linked to the value
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creation, such as operating costs and margins. In short, value capture refers to the way a
company generates profit and revenue from the delivery of its value proposition. (Baldas-
sarre, Calabretta, Bocken & Jaskiewicz 2017, 176; Richardson 2005, 12-16)

A business model can be seen as a strategic asset of a company. It is the architecture which
elaborates clearly on the three above-mentioned aspects. It consists of understanding the
customers’ needs and their ability and willingness to pay for the service or product, explains
the ways which the company delivers the value to their customers and the mechanisms and
processes along the value chain which provide sufficient profit to the company in return.
(Schaltegger, Hansen & Ludeke-Freund 2016, 4-5; Niemimaa, Jarvelainen, Heikkila & Heikkila
2019, 209)

2.4.3 Sustainable business development and innovation

Traditionally business model development has focused on the value creation and financial
gains of the company, but in the current social, economic, and ecological environment, the
need to consider different aspects of sustainability is not only in certain aspects required by
legislation but also supported by research which indicates a correlation between a good envi-
ronmental, social and governance (abbreviation ESG) metrics score and company’s value as
well as profitability. One of the reasons behind this could be those efforts towards good envi-
ronmental, social and governance practices create trust in the company’s overall manage-
ment and business strategy. It can be seen as a sign that the company is able to build resili-
ence by considering the operative environment and its different stakeholders more thoroughly
in order to create and preserve value. This in turn translates into positive returns and finan-
cial credibility from an investor’s perspective. (Aydogmus, Giilay & Ergun 2022, 125; Dahl-
gaard & Anninos 2022, 482)

Integrating the three pillars of sustainability - environmental, economic, social - with business
development and innovation can be difficult since it requires a more comprehensive approach
to business model development and view on value creation. It requires a better understanding
of all stakeholders involved as well as a wider understanding of what value means to those
different stakeholders. When creating sustainable business models, collaborating with a wide
range of stakeholders can be beneficial to gain more acceptance, support, and commitment
related to sustainable innovation. (Baldassare et. al. 2017, 184; Matos & Silvestre 2013, 62-
63)

Challenges related to sustainable business development and innovation are the lack of in-
depth knowledge related to sustainability aspects and the ability to translate the desired

sustainable goals into products and services that provide customer value. To maintain an eco-
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nomically viable sustainable business, a company is required to manage and adapt shifts in

sustainability requirements as well as customer demands. (Keskin, Diehl & Molenaar 2013, 58)

Baldassarre et al. (2017, 183) present in their research a model for sustainable value proposi-
tion for companies (Figure 10). The model combines sustainable value proposition and user
driven innovation, to achieve a more comprehensive understanding on the topic in question
and methods to refine their offering to cater to the needs of their targeted customers but
also to maintain the development within a sustainability framework. In the model, sustaina-
bility value proposition and design consist of three interlinked building blocks. Sustainable
value proposition consists of stakeholder network, sustainability problem and product and/or
service. The design aspect consists of talking, thinking, and testing. The blocks are inter-
linked, so that the first step is to talk to the stakeholder network and the best results are
achieved usually by conversational interviews and co-creation session (Baldassarre et. al.
2017, 183-184).

Based on the data collected from the stakeholder network, the value proposition process con-
tinues to the second step which is thinking about the problem from the sustainability perspec-
tive by taking advantage the feedback received and information gathered in the previous
step. This can be done with the help of various innovative tools such as brainstorming and
problem reframing. Once the second step has been finalized to a certain extent, it is time to
move forward to testing the product or service idea that has been worked on. Similarly, as in
any product and service design process, it is recommended to test out the minimum viable
product to quickly assess which features are delivering the assumed value and which are not,
in order to proceed to correct and refine the product or service to match the customer re-
quirements as much as possible and this way provide the highest value to the customers.
(Baldassarre et. al. 2017, 183-184).

Figure 10: Sustainable value proposition, based on Baldassaare et. al. 2017, 183
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2.5 Synthesis for agrivoltaics business development model

Agrivoltaics business development can be seen as a sustainable business development, when
considering the aspect that it enables efficient land use - renewable energy production is
done simultaneously with food production while also providing financial benefits for farmers.
Agrivoltaic systems can affect the natural landscapes drastically which can be problematic as
well. There are also many open questions still related to, for example land restoration and
effects on the growing conditions of crops as well as soil conditions, which require further
examination. Farmers and landowners’ opinions towards agrivoltaics as well as the character-

istics of the farms can affect their adaptability towards these types of business opportunities.

Sustainable business development considers not only the financial benefits of business oppor-
tunities but expands the viewpoint also towards the different pillars of sustainability from the
perspective of different stakeholders and due to this sustainable value proposition model
(Figure 10) is a good, simplified framework that can be used to help create the innovation
model. The financial benefits for farmers can be seen as promoting the cultural and social
sustainability of farmers and thriving rural areas and renewable energy production together
with food production can be seen as balancing between the social foundation and ecological

ceiling when considering the doughnut framework by Kate Raworth in Figure 8.

3 Research methodology and execution

Goal of this thesis was to create a preliminary innovation model for agrivoltaics business de-
velopment in Finland. This was approached by examining the characteristics and opinions of
farmers related to possible agrivoltaic systems gathered via questionnaire and combined with
the literary review related to different relevant themes around agrivoltaic systems, such as
agriculture in Finland and energy transition as well as sustainable business models in order to

create a preliminary guideline and key elements for agrivoltaics business development.

The literary review was chosen as a research methodology since it provides insight into the
different themes that can influence the agrivoltaics business development. Energy transition
and carbon neutrality goals put emphasis on renewable energy in all sectors of society, in-
cluding agriculture, and also the current state of agriculture in Finland can provide some in-
sight on whether the agricultural sector is open and willing to look into new and innovative
solutions to combine their current business operations with such systems. There is a strong
structural change currently happening in the agricultural sector, since one third of the agri-
cultural land currently is owned by people aged between 55 - 64. It raises questions about

what will happen to the land after this group retires - will the land be rented out to other
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functioning farms making their operations bigger and if so, how will they manage financially.
Sustainability and the impact of things businesses do in the current state of the world is no
longer considered a competitive advantage but rather a necessity of a successful business
operation. Therefore, the literary review also provides information regarding sustainable

business development.

The purpose of the questionnaire was to provide additional insight on farmers’ and landown-
ers opinions as well as characteristics to see, if there is a recognizable pattern of early adap-
tation regarding agrivoltaics, which then could be taken into consideration when constructing
the innovation model. Information gathering was done via a questionnaire that was created
with Microsoft Forms that was available for Laurea students, and only the creator of the ques-
tionnaire had access to the results of the questionnaire. The research is both quantitative and
qualitative (Tilastokeskus A, Tilastokeskus B). The quantitative questions focus on character-
istics of the land, farm operations and landowner and ask if landowners were already familiar
with the term agrivoltaics, if they had been approached by energy companies regarding land
acquisition previously and whether they were interested in renting out their land solely for
photovoltaics systems or for agrivoltaic systems that would enable them to continue their
operation. The questions had readymade options where the respondent could choose from,
and some of these included a free text box to further clarify their response. The qualitative
questions focus on finding out more thoroughly about the factors that the landowner might
find value if they were to rent out their farmland for agrivoltaics system and how they would
think the local community would react to agrivoltaic systems compared to traditional photo-

voltaic system. Full list of questions can be seen in Appendix 1.

The focus group of the questionnaire was landowners which included both active farmers as
well as landowners who themselves are not active farmers but own land and rent it out. Mi-
crosoft Forms automatically created a link to the questionnaire and the link was posted to
different Facebook groups which included: Monipuoliset ja tuottavat pientilat; Maatiaisviljat -
Lantkorn; Luomuviljelijat; Maanviljelijat and contact person listed in the webpages of the
The Central Union of Agricultural Producers and Forest Owners (Maa- ja metsataloustuottajain
Keskusliitto, MTK) and its youth association were contacted via email and asked to forward
the link to the questionnaire in their mailing lists if possible. The questionnaire was open
during 3.3.2024 - 31.3.2024, and the approximately time was for responding was estimated to
be 10-15 minutes. No personal information was gathered in the questionnaire and the ques-
tions were constructed in a way that anonymity of the respondents was enabled. The use of
the results in this thesis was communicated in the introduction message to of the question-
naire, so respondents were aware that the results would be used as a part of this thesis and

the results were stored only while the thesis process was ongoing. The questions where in
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Finnish and have been translated to English for this thesis. There were altogether 25 individu-
al participants in the questionnaire. Based on the literary review and the responses received
in the questionnaire, a preliminary framework for agrivoltaics business development was cre-
ated based on the sustainable value proposition framework presented in Figure 10 and four

key elements to address in the future developments were identified.

4 Results and analysis

In the following chapter | go through the answers gathered with the questionnaire and ana-
lyze the results. The chapters are constructed so that questions and the results are grouped
based on the type of the question, whether it is related to the characteristics of the farmer
or landowner and the land itself, photovoltaics and agrivoltaic systems in general and the
qualitative questions which allowed the respondents to describe their views more freely on

the questions.
4.1  Characteristics of the landowner and farm operations

The first question was related to the current use of the land. 18 of the respondents are cur-
rently active farmers themselves, 5 own lands but it is currently rented out and 2 of the re-
spondents were both active farmers themselves and rented out part of the land they owned.
(Figure 11)

In which use is the farmland currently?

H Rented out

| practice farming myself 18

| practice farming myself and partially rent out the land

Figure 11: Current use of farmland, n = 25
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The second question was related to the location of the location of the farmland. The ques-
tionnaire was able to reach out landowners from different parts of Finland. There were 25

individual respondents, but one respondent owned landed in multiple locations. (Figure 12)

Where in Finland the farmland is located?
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Figure 12: Location of land, n = 25

One of the questions was related to the form of operation. In agriculture, farmers can farm
by themselves or as part of different kinds of agricultural enterprise, which then affects how
the operations are run. 14 of the respondents’ farmed by themselves, and 6 farmed as part of
an enterprise. 4 of the respondents rent out the land so they do not farm nor are they a part
of any enterprise. One respondent explained in the free text field available in the question

that their land was mostly rented, and the farming operation was small scale. (Figure 13)

Do you farm as a part of an agricultural enterprise or by yourself?

m | don't farm myself, the land is rented out
m As a part of and enterprise.
Mostly rented. Small scale farming only.

m | farm by myself.

Figure 13: Farming operation type, n = 25
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Question number four was to determine if the land is rented out, when was the last time the
land was farmed within the family. Most of the respondents (15) were landowners who farmed
the land themselves, but 3 people responded that it was farmed within the family five or less

years ago, 6-10 years ago and over 10 years ago both received 2 respondents each. (Figure 14)

If you are renting out the farmland, when was the last time the land
was farmed in your family?

m 0-5 years ago

6-10 years ago

m Over 10 years ago

m The land is not rented out

Figure 14: Farming within the family, n = 22

The fifth question was related to the availability of a possible successor to the farm opera-
tion. As discussed in chapter 4.1 the average age of farmers in 2022 were 54 years. Without a
suitable successor, continuing the farming operation is not possible, and the landowner will
then have the option to either sell or rent out the land or look for other opportunities to han-
dle the asset. 12 of the respondents did not yet have any successor planned out, 8 did have
and 5 responded that they currently rent out the land, so there is no farming operation to

pass on to in the traditional sense. (Figure15)

If you are currently farming the land, do you already have a
successor planned out?

= Yes = | don't farm myself, the land is rented out = No

Figure 15: Availability of a successor, n = 25
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The sixth question was related to other possible income streams in addition to the farming
operation. Altogether 14 respondents, which is over half of the overall number of respond-
ents, mentioned that they also do other work, which is not directly related to the farming
operation, of which one did both machinery contracting as well as agricultural consulting.
(Figure 16)

In addition to you own farming operation, do you do other work?

7

6

5

4

3

2

1

. I I B Bl
Machinery ~ Working outside  Bioenergy Agricultural  Selling firewod Other business
contracting the farm in a consulting  and working at  operation

different job a neighbours
farm

Figure 16: Other income streams, n = 14

Question number seven was related to the age of the landowners. The majority of the re-
spondents were in the age group 31 - 40 years, and then the age groups below 30, 41 to 50
years and over 61 years had 5 respondents each and 3 respondents where in the age group 51

- 60 years. (Figure 17)

In which age group do you belong to?
8
7
6
5
4
3
2
1
0
Below 30 years 31-40 years 41-50 years 51-60 years Over 61 years

Figure 17: Age of respondents, n = 25
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4.2  Opinions on photovoltaics and agrivoltaics

”» 43

Question number eight inquired about the knowledge of the term “agrivoltaics”, “agri-PV” or
“maatalousaurinkosahko”. Most of the respondents (18) had not heard the term before, but 7

were already familiar with it. (Figure 18)

Are you familiar with the terms "agrivoltaics”, "agri-PV" or
"maatalousaurinkosahko™?

ENo mYes

Figure 18: Familiarity with agrivoltaics, n = 25

When asked if the landowners had been approached by companies related to land acquisition

for renewable energy construction, 15 responded no and 10 responded yes. (Figure 19)

Have companies approached you regarding land aqcuisition related to
solar- or windfarms before?

ENo mYes

Figure 19: Earlier contacts related to land acquisition regarding renewable energy, n = 25
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Question number ten asked if the respondents would be interested in renting out their land

for photovoltaic systems, and the results were quite even: 13 said no and 12 said yes. (Figure
20)

Would you be interested in renting out your farmland for photovoltaic
systems?

ENo mYes

Figure 20: Interest in renting out land for photovoltaic systems, n = 25

When asked if the respondents would be interested in renting out the land for photovoltaic
system if it was possible to still to operate farm in traditional farming in addition to energy

production, a clear majority answered yes. Altogether 19 were interested in this option,
while 6 were not. (Figure 21)

Would you be interested in renting out your farm land for a
photovoltaic system, if it would be possible to also farm the land at
the same time with certain restrictions?

ENo mYes

Figure 21: Interest in renting out land for agrivoltaic systems, n = 25



37

When looking into the respondents age groups of those landowners which responded “Yes” to
the question would they be interested in photovoltaic system if they would be able to use the
land also in farming operations as shown in figure 21, there were five respondents below 30
who answered “Yes”, and no one in this age group answered “No”. Five respondents between
31 - 40 years old also answered “Yes”, while two answered “No”. In the age group 41 - 50
there were three “Yes” responses and two “No” responses. In 51 - 60 group two respondents
said “Yes” while one said “No”, and in the over 61-year-old group four respondents said “Yes”

and one said “No”. (Table 1)

Below 30 years 5 0
31-40 years 5 2
41-50 years 3 2
51-60 years 2 1

4 1

Over 61 years

Table 1: Age of landowners who would be interested in agrivoltaic systems, n = 25

Regarding the ideal time frame for renting the land out for agrivoltaics system, 12 of the re-
spondents answered that 11 - 20 years would be the most suitable. 6 answered that 21 - 30
years would be ideal for them, and 5% responded considered less than 10 years most ideal. 1
was OK with 31 - 40-year rental period and 1 was OK with over 41-year rental period. (Figure
22)

What would be the suitable rental period for an agrivoltaics system?

12

Less than 10 years 11 - 20 years m21 - 30 years 31 - 40 years Over 41 years

Figure 22: Suitable rental period, n = 25
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Which factors would you would consider important if the land would be used
simultanously to both agricultural use and energy production?

Restoration of the soil after the rental period is over = 8% —
Maintaining or the improvement of the condition of 1
the soil during the rental period
Information regarding the produced energy amount l 16% ._
Regular feedback conversations with the energy o
producer
The additional income through renting the land = 8% I_
Modularity of the panel structures to accomodate
changes in the agricultural operation for example due - 20%
to crop rotation

0% 10% 20% 30% 40% 50% 60% 70 % 80 % 90 % 100 %

m Not important at all Somewhat important ®Can'tsay ®Important ®Very important

Figure 23. Which factors landowners would consider important if their land would be used in both

agricultural business as well as energy production, n = 25

When asked which factors farmers would consider important if their land would be used both
for agricultural purpose as well as energy production, most landowners valued the additional
income as one of the most important factors with 68 % answering that this would be very im-
portant. The second most important factor was considered soil restoration after the rental
period with 64 % considering this very important. Maintaining or improving the soil conditions
during the rental period was also regarded mostly important (32 %) or very important (44 %).
Landowners also mostly considered the information regarding the amount of produced energy
important to them, with 36 & of respondents considering this as important and 28 % consider-

ing it very important. (Figure 23)

Modularity of the panel structures was one of options that received the most “Not important
at all” votes from all the factors listed in the question - 20 % of the respondents answered
that this was not important to them, however 20 % considered this somewhat important, 36 %

considered this important and 12 % considered it very important. (Figure 23)
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If you would rent your land for agrivoltaics system, which factors would you
value in the partnership?

Opportunity to be part of developing the co-
operation between farming and electricity 28%
production.
Flexibility / modifiability based on the need of the -
farm & farming practices
Active communication throughout the rental period l 16% ._

0% 20 % 40 % 60 % 80 % 100 %

m Not important at all Somewhat important ®Can't say ®Important ™ Very important

Figure 24: Factors landowners would value in the partnership between an agrivoltaics system

provider and operator, n = 25

When asked which factors landowners would value in the partnership between the parties
that rents the land for energy production, 68 % of respondents considered the enabling of
regular rental payments as “Very important” and 20 % considered this “Important”. Wel-
functioning so-operation was also considered as a valued factor with 60 % respondents consid-
ering this “Very important” and 32 % considering it “Important”. Understanding farming as a
business was also valued very high, with 48 % considering this “Very important” and 40 % con-

sidering this “Important”. (Figure 24)
4.3 Qualitative questions

When asked with an open question which factors landowners would consider worrisome if
their land would be used both in agriculture as well as energy production, the answer varied
from bureaucracy, permit matters as well as farming subsidy related topics to more practical
issues such as how the land would be restored after the rental period and how farming

equipment’s would be able to fit between the panel constructions. Answers listed in Table 2.
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Bureacracy
Maintenance or repair during the growing season
How to fit among the panels with large machines

Working with machines near the structures, risk of collision. Possible management issues
with the company.

Who dismantles the facility after its lifecycle? | don't trust that, for example, in 20-30
vears, things will go smoothly.

Who will take care of the mess when the panels fall apart.

Permit matters. Things related to electricity transmission, power lines, etc.

Mainly maintaining the fields status as arable land and eligible for farming subsidies.

There would be problems regarding agricultural subsidies and in practice simultaneous
use is not possible in the same area.

Land pollution? How would organic farming be possible, or would it even be possible to
farm organically?

Reasonable use of land
Is it possible to get farming subsidies

The challenges of harvesting/grazing. How do | get the most out of the field area?

The biggest question is the possible deterioration of the drainage pipes condition and
how to prepare for it.

Room for machinery

Loss of subsidies, deterioration of the land's growth condition, continuation of organic
farming

Shading

Table 2: Worrisome factors related to agrivoltaics n = 17

One of the questions were also related to how the landowners would consider their neighbors
opinions towards an agrivoltaics system compared to a traditional photovoltaic system, where
the whole land area would be allocated to the photovoltaic system. The answers varied from
negative to more positive, and there was not a clear consensus on the fact that the response

would be either fully negative or fully positive. Answers can be seen in Table 3.
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It would raise interest.

Perhaps negatively. Issues regarding protected landscape areas and with the county.

Perhaps more positively.

No difference

I don't know

I don't know

With suspicion

Well.

Moderately.

More positively.

More positively.

Neighbors' complaints on the negative effect of the landscape.

My own attitude would be a bit milder; | could possibly listen to the offer/presentation.
The land under the transmission lines makes me wonder if a project would be planned
nearby.

Mixed reception

The attitude would be better if agricultural use continued side by side

Probably initially negatively

They would like it if it meant not spreading manure on the fields.

I would think that everyone would find it accurate/favorable to strive for the continuation
of agricultural use

Probably more positively

Negatively

Table 3: Opinions of surrounding neighbors, n = 20

The respondents were also given an option to add more important factors that they would
consider valuable in the partnership between the agrivoltaics system provided in addition to
the ones asked in question number 16 and which answers are presented in the Figure 24.
Transparency regarding contract terms and information was considered as important factors,
as well as the certainty of the continuation and reliability of the operation was valued as
well. Also, the idea of using electricity in the farming operation was brought up as well. The
length of the rental periods was considered too long, and one respondent was interested to
see if there already were positive experiences from a farmer’s perspective available. Impact

on farming subsidies was raised here as well. All answers can be found in Table 4.
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Transparency and flow of information

Transparency regarding contract terms

Certainty of the project's implementation, collateral, use after the contract

At what price can you get electricity instead.

Why should a farm rent the land to others for electricity generation. Wouldn't it make
more sense for the farm itself to own the panels.

Are there already positive experiences of the arrangement in question from the
farmer’s point of view? Impact on agricultural subsidies.

Guarantee coverage, which ensures that the rental income is received during the notice
period and the costs of restoration are covered

A serious and reliable company, so that the cooperation company would not immediate-
ly go bankrupt.

The rental times are too long.

Choosing a partner is like choosing a wife -- 40 years of common interest and still the
underdog.

Table 4: Other important factors when considering partnerships, n = 10

In the end of the questionnaire landowners were asked if there was anything they would

like

to know more about agrivoltaics if they would consider such systems to be installed in their

land. While some answered that they were not interested and therefore did not require

fur-

ther information, others raised concerns and questions regarding land restoration, cultivation

restrictions, landscape aspects and subsidies. Also, how disruptions would be handled during

operation and growing season was raised as one important factor and contract models were

answered. Skepticism regarding agrivoltaics in general was raised, and the idea of building

photovoltaic systems to wastelands was considered a more viable option than focusing on

building them on active farmlands. All answers can be found in table 5.
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I would not like to rent fields but invest myself. | would also be interested in drying the
chopped wood with electricity when electricity is cheap.

Nothing, I'm not interested

I am not the target group when | have thought about transferring the lands to nature
conservation.

Restoration, receivables, risks

The first question is the lack of market information (rent e/ha), then operational expe-
riences.

Disruptive situations and their treatment during the growing season

Organic grain cultivation technology between the panels

Landscape aspects, work safety, returning the area to agricultural use at the end of the
rental period.

How would the panels affect the cultivation possibilities? What could be cultivated and
what not?

Restoration guarantees at the end of the contract period

Contract models

I am very skeptical that such an operation would go smoothly. There are certainly
wastelands on which power plants can be established, and when they are functional
and that the area remains clean and good for nature, then we could start planning the
establishment of solar power plants on farmland.

Subsidy policies.

Table 5: Additional information needs, n = 13
4.4  Analyzing results

The number of respondents was not that high, which then in turn hinder the credibility of the
results themselves, but despite this the results still give indication that agrivoltaic systems
are found as more interesting option when compared to traditional photovoltaic systems from
the perspective of the landowner who will rent the land out to energy production. The ques-
tionnaire also was constructed so that it would gather information regarding landowner char-
acteristics, such as age group, location, whether the land was currently farmed by the land-
owner themselves or if they were rented out. As discussed in chapter 2.1.4, both the farms
and farmers characteristics can have an effect whether they are considered early adopters or
not, but since the number of responses was so low, no clear and credible patterns can be
drawn based on the answers as to what type of characteristics would be present in a land-
owner that would be willing to implement agrivoltaics as part of their farming operations and

what type of landowner would not.
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There were also questions related to when was the last time the land was farmed within the
family, if the land was currently being rented out and if there was someone already in mind
to continue the operation after the current farmer would retire. These questions were asked
to see if there was a link between the willingness to proceed with agrivoltaics or traditional
photovoltaics with landowners who currently do not farm the land themselves or who do not
have anyone in mind to continue the farming operation in the future, but the results did not
give a clear correlation regarding this. However, as mentioned earlier, due to the low number
of responses it is not possible to clearly state if an actual correlation exists or not. As discuss-
es in chapter 2.3.1, the average age of active farmers in 2022 was 54, so the in the future
more and more farmers will retire, which then raises the question will those farms have suc-
cessor and in what capacity, or will there be more and more land available to be rented out
to either other farms or possible to other uses, which could in the future include various car-

bon market solutions as mentioned in chapter 2.3.3. or energy use in some form.

The additional income that the agrivoltaics system would provide to the farming operation
was raised as a very important factor, which can be seen from Figure 23 and Figure 24. This is
understandable also in general since when operating a business, profit is generally the key
element, but especially in farming since currently the financial returns in farming are not
very high as mentioned in chapter 2.3.1. while the risks and investment needs in turn are. In
Table 2 where the open-ended question result related to the worrisome factors was asked
concern regarding possible applicability to farming subsidies was also raised, and the subsidy
policies related to this was also raised as something the responders would want more infor-
mation on as can be seen in Table 5. In the answers to the open ended questions which can
be seen in Tables 2, 4 and 5 a lot of the answers were related to how the land quality as agri-
cultural land would be ensured and how the agricultural operation would be viable together
with the panels: how would the maintenance of the panels be handled during growing season
and if the machines used in agriculture would fit between the panels as well as how the con-
dition of the drainage pipes would be considered in this type of co-operation. The answers
indicate that since there are a lot of aspects that farmers need to consider when running
their farming operation profitably, such as soil conditions, crop rotation and suitable varieties
for different types of land, decisions on which type of machinery farmer will invest in based
on their operational needs, restrictions and guidelines from different authorities regarding
subsidies and farming operations in general, implementing agrivoltaic systems would need a

careful consideration and co-operation from multiple different stakeholders.
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4.5 Innovation model for agrivoltaics business development

The construction of the innovation model will follow the principles discussed in chapter 2.4.3
and visualized in Figure 10 and also highlight four major topics to consider with the stake-
holder network in order to determine an environmentally, economically and socially benefi-
cial business model for all parties involved. Following the framework visualized in Figure 10,
the sustainable business development process is defined through sustainable value proposi-
tion, which is discussed through with stakeholder network, focusing on a certain sustainability
problem which then can create a product or a service that can address the issue and which
can then be tested. Regarding the agrivoltaic business development, based on the literary
review and responses gathered through the questionnaire, a following value proposition mod-
el was created in order to clarify the value proposition, sustainability problem and stakehold-
er network (Figure 25):

' Sustainability Problem g Sustainability Problem ‘ ‘Sustainability Problem |

Land use efficiency in ey ‘ ; .
erEwables use A Climate change y \ Econon;i: r;;l:sation of

~ Sustainability Problem Sustainability Problem
Food security y Vibrant rural areas

STAKEHOLDER NETWORK

Authorities
For example: Centre for
Energy companies & Infrastructure & Economic Development,

Landowners & farmers
asset management maintenance operators Envi::nms::: :i::i;:eFood

Authority; Ministry of
Agriculture and Forestry of
Finland

Value Proposition
Providing increased income to farmers and enabling vibrant rural areas through
sustainable energy production while maintaining food security if soil conditions are
maintained and cared for.

Figure 25: Sustainable value proposition of agrivoltaic systems

The product and service in this case would be agrivoltaics, which would tackle sustainability
problems such land use efficiency, since due to the dual use of the land, it would be possible
to provide both food as well as clean energy in the same land area, which then in turn sup-
ports climate change mitigation and promotes food security, when the land is not for example

completely allocated for energy production. These aspects can be considered under environ-
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mental sustainability when considering the three pillars of sustainability as reviewed in chap-
ter 2.4.1. The agrivoltaic system can also provide additional income for farmers through land
rental income, which then promotes the economical sustainability of farmers and in turn
could ensure longevity in the farming communities, when the farming operations would not
be solely dependent on the crop market prices as well as mitigate the risks that for example
climate change and challenging weather conditions provide. This alignes with the Common
agriculture Policy which is reviewed in chapter 2.3.2. In the questionnaire the possibility to
increase income was highlighted as an important factor in relation to agrivoltaic systems.
With more financial stability farmers can increase the resilience of their operations, which in
turn also effect positively on the food security but also can help maintain vibrant rural areas,
which is linked to social sustainability aspect and is also highlighted in the Common Agricul-
tural Policy. While agrivoltaic systems can be seen as solving multiple sustainability problems,
it in turn also brings up questions related to for example the soil conditions and soil conserva-
tion, landscape changes of rural areas and effects on biodiversity, which also would need to

be examined and addressed.

Different stakeholders in the business development framework would include the farmers and
landowners, energy providers and asset management, infrastructure, and maintenance opera-
tors as well as authorities. In addition to this, the stakeholder network could be expanded to
include for example neighbors of the land area where the agrivoltaics system would be built,
since in cases of traditional photovoltaics system, the local community is included also in the
environmental assessment procedures, but in this case the focus of the model in more on the
business development early stages, so for simplicity the neighbors are excluded from this.
The information farmers have regarding the farming operations in general and for example
soil conditions can be considered crucial in regard to agrivoltaics system development, since
the placement of panels, the microclimates the panel create, shading, suitable crop selection
as well as subsidy applicability are just a few of the factors that affect the farming opera-
tions, and which need to be considered when installing the agrivoltaic system. For example in
the questionnaire, a concern regarding the operation and maintenance during growing season
was raised, and this would then be something that should be gone through and planned out
thoroughly with farmers together with the energy producers, infrastructure provider and
maintenance operators in order to ensure a reliable energy production in such way that for
example possible maintenance needs for the panels and installations would not have adverse
effects on the crops and farming operation. One major stakeholder group is also different
authorities, since subsidy applicability was also raised as a concern in the questionnaire so
the development of argivoltaic systems should be done together also with various authorities
in order to ensure for example legislative aspects. For example, as mentioned in chapter

2.1.2, currently if the land that is allocated to solar panels, this area does not qualify for
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farming subsidies. Most likely these types of regulations would need to be reviewed if agri-
voltaics systems would be something that farmers would want to proactively adopt as part of
their business operations, in order to make sure the regulations would support the operation

in the most sensible way.

As discussed in chapter 2.4.2, a business model consists of three elements, which include
value proposition, value creation and delivery system and value capture. The value proposi-
tion for agrivoltaic systems could be the following: Providing increased income to farmers and
enabling vibrant rural areas through sustainable energy production while maintaining food
security if soil conditions are maintained and cared for. Soil conditions and land restoration
after the rental period were highlighted in the answers of the questionnaire. More research
would be needed on the long-term effects of panel infrastructure on soil conditions in order
to determine if agrivoltaics systems would overall be a good solution when taking into consid-
eration all the benefits and disadvantages. In the value proposition it is good to highlight that
maintaining the soil conditions is a crucial key element enabling or disabling the feasibility of
the agrivoltaic system as a favorable option for landowners. Due to this soil conditions and
restoration can be considered as one of the key elements to be considered in the agrivoltaics
business development and should then be thoroughly examined and discussed between differ-
ent stakeholders and solutions, guidelines and procedures should be provided in order to en-
sure that the conditions will remain as they are - or if possible, improve - throughout the

rental period. (Figure 26)

Figure 26: Key topics of agrivoltaics business development

Other key elements include profitability of operations, crop selection and operational prac-
tices. (Figure 26) Based on the questionnaire one of the main positive aspects of the agri-
voltaic system from landowners’ perspective is the additional income. The agrivoltaics busi-
ness development should of course be financially beneficial for all stakeholders, and in order
to determine what are the conditions where this would apply, co-operation especially be-
tween the energy producers and asset management is needed with the local authorities and

landowners.
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Crop selection did not come up in the answers of the questionnaire as such, but concerns
regarding the use of large machinery within panel constructions and possible issues during the
growing season were brought up, and these are linked with crop selection, since it determines
what kind of farming practices are required in the area. The panels can also affect the grow-
ing conditions of the crop through shading and moisture as discussed in chapter 2.1.2. Finding
a suitable selection of crops that are able to grow and thrive within panel constructions when
considering the used machinery and different required farming operations, such as sowing and
harvesting and soil conditioning as well as crops that are not negatively affected by the panel
constructions itself can be seen as a necessity when further developing agrivoltaics business

models.

Operational practices in general need to be considered from the perspective of all stakehold-
ers and throughout the lifecycle of the agrivoltaic system and these need to be examined to
see how they would fit together with the farming practices. As already discussed earlier, pos-
sible maintenance needs during the growing season was brought up in the questionnaire, and
also topics such as permit matters, who will “take care of the mess when the panels fall
apart”, possible deterioration of drainage pipes, bureaucracy and eligibility to farming subsi-
dies were raised as concerns (Table 2) and well-functioning co-operation and understanding

towards farming as a business were valued mostly important or very important (Figure 24).

Transparency regarding contract terms and in general as well as a good flow of information
was considered important, as well as trustworthiness and reliability of the parties involved
was valued (Table 4). Because there are variety of stakeholders and agrivoltaics would over-
lap with the existing business operations of farms, in the development of agrivoltaics business
model it would need to be very clearly mapped out what are the best practices and goals in
relation to farming, agrivoltaics system construction, operation, maintenance, disassembly
and general asset management of the power plant during its lifecycle as well as the require-
ments of the different authorities and then in close co-operation find commonly agreed prac-
tices on running the operation in such a way, that it benefits both the farmer and system
operator throughout the lifecycle in a way that complies with the rules and regulations of the
different authorities that would be involved. Also, the different authorities might need to
review their conditions and guidelines to see if they support such business development in the

most suitable way without of course compromising environmental safety.
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5  Conclusions and suggestions for further study

Agrivoltaics systems are already common to certain extent in other parts of the world such as
Germany and the United States. In Finland these systems are not yet that common and major-
ity of farmers and landowners might not be that familiar with the term. There, however,
could be interest in such systems from the farmers and landowners’ perspective if certain
conditions are met, such as maintaining the soil conditions and restoration of the land after
the rental period as well as suitable compensation. Development of these systems also de-
pend on various stakeholders as well as the development of the energy transition and re-
quired infrastructure as well as market needs, and not the least on farms and their operation

practices.

The preliminary innovation model presented in chapter 4.5 visualized the sustainable value
proposition of agrivoltaic system, provided insight to different sustainability problems that
agrivoltaics could tackle and clarified the stakeholder network. The value proposition itself
suggests that through the agrivoltaics systems farmers and landowners can gain increased
income which in turn increases the resilience of the farming operations and through this can
support maintain and developing more vibrant rural areas which is also one of the Common
Agricultural Policy goals. In addition to this, the value propositions included the production of
renewable and sustainable energy while maintaining food security, which helps tackle climate
change. The value proposition also highlights the critical aspect of keeping the soil conditions
viable for agriculture in the long term, and this can be seen as a key condition for proceeding
with the agrivoltaics business development as well as the overall sustainability of the solution

in general.

Agrivoltaic systems can provide a vast field of further study opportunities, for example start-
ing from the already often mentioned effects on soil conditions, but also the effects on for
example biodiversity in general and when compared to traditional photovoltaic systems. Suit-
able crop varieties have been studied to a certain extent but more studies on this in the Nor-
dic climate and sunlight conditions would also be beneficial for the further development of

the agrivoltaics systems and business models.

Also, various technical aspects provide subjects for further studies, such as would it be possi-
ble to create modular panel constructions that farmers and system operators could easily re-
locate to a similarly suitable area if the farming operations would require changes in the cur-
rently allocated land area. From economical point of view research could be made in order to
find out the most cost-effective solution and is such systems financially profitable from the
perspective of the system provider and energy producer, when considering the conditions and

restrictions that landowners might want to set for the systems in order for them to be willing
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to integrate those systems to their operation. It would also be interesting to know what role
farmers and their agrivoltaics systems could play in the overall energy system in the future,

when also considering energy storage systems and flexibility needs of the energy markets.
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Appendix 1: Agrivoltaics questionnaire

Agrivoltaics - Kyselytutkimus
maatalousaurinkosahkohankkeista

COheizella kyzelylla on tarkoitus s=hvittdd maanomistajien mieliprteita ja nakemyksid Agri-FV [/ agrivoltaics eli
raatalousaurmiosihkohankkeisiin littyen. Maatalousaurinkosihkohankkeizza peltomaats k&ytetidn samanaikaisesti
sekE aurinkosdhkdn tuottamizeen szka viljehnyn ja/tai laiduntamizesn. Kyselytutkimus on osa Laurean
ammattikorkeakoulussa tehtivad YAME-opinndytetydtd josza kasitelladn mastalousasurinkosdhkohankieiden
kehittamista ja kyselyn tuloksia hyodynnetdan opinnaytetpossa. Kysymyksissa ei keratd henkilitetoja ja kysehyn
vastaukset sdilytetadn vain tutkimukszn gjan. Vastaamisessa kestad no 10-15 minuuttia ja kgyesely sulkeutuu 313.2024
MENnessa.

Kiftos, jos maliat vastata ja auttaa opinndyterpon edistdmisessd!

ikl ky=elyyn tai coinndytetydn aihessesn Bittyen herda kysymyksia. olethan yhteypdessa:
rmariaszppala@rtodent.lsursa

Lisatietoa agrivoltaics/maatalous=Shkotebnologiasta on katsottavissa taSll& https/fwww poutulbe.cormyfwatch?

v=0KRABTEKLIC

1. Missd kdytdssa tlla hetkelld omistamasi pellot ovat?
D ‘ilpelen itse / laidunkdytossa omassa wotannossa

D Ulkopucfizalle wuokratiuna

|:| Muu

2. Missd pdin Suomea pellot sijaitsevat?
D Ahvenznmaalla
|:| Etel3-Karjalazza
[ ] Ewels-Pomjanmasis
[] Ereli-Savossa
[] kainuussa
|:| Kanta-Hameessa

[] eski-Porjanmazila
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Kaskd-Suomesza

Hymenlzakzosza

Lapisza

Firkanmaallz

Pohjanmazlia

Pohjois-Karalassa

Fohjis-Pohjanmazlla

Pohjoiz-Savosza

FaiijEt-Hamesssd

Zatakumnazza

Ludslarmaalla

O 0oo0oo0ooo0oooodgd

‘Varzinais-Suomeassa

3. Viljeletkd osana maatalousyhtymas/osakeyhtiotd tal vastaavaa yhtiGrmuotoa vai itsendisesti?
O Maatalousyhtyma tai vastaava yhtidmuoto (esim. osakeyhtial
() Viljglen isengizzsti

O En viljele ftza, maat ovat vuckrattu

O Muu

4, Mikali vuokraat peltomaita, milloin viimeksi niitd on viljelty omassa suvussasi?
() Pellot eivit ole vuokralla
() 0-5wuota sitten
() E-10vuotta sittan
) YR 10 otz sitten

O Iazt eivdt ole iking olieet omassa suvusszani viljely Taidunkaytdsssd
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5. Mikali peltornaat owvat t3ll3 hetkelld itsell3 viljelyksessd/laidunkaytdssa, onko teilld tilalle
Jatkaja tiedossa?

() Enviljele itse, maat ovat vuokraty
() kylla
() E

6. Mikali pellot ovat omassa kdyidssa eikd vuokratiuna, teetkd maanviljelyn lisaksi muita tHitd
esim, koneurakointia, majoituspalveluita tai oletko tilan ulkopuclella palkkatdissa?

[] reneurskgin
[] Majoituspaiveut

|:| uwalla tilan ulkopwolella palkkattissa

|:| Muu

7. Mihin ikaryhmadan kuulut?
) alle 30 vuosas

31-40 vuotias

41-50 vuotias

51-80 vuotias

o O O O

i 61 vuctias

&. Owvatlko termit “agrivoltaics”, "agri-PV™ tal "maatalousaurinkosahkd” tuttuja entuudestaan?
() kylla
(7 E
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9. Owatko energiayhtiot [3hestyneet teitd aurinko- tai tuuliveiman maanhankintaan liithyen
aikaisemmin?

) Kylla
() E

10, Qlisitteko kiinnostuneita vuckraamaan maitanne aurnkovoiman rakentamiseen?
() Kyla
{:} En

11. Qlisitteko kiinnostuneet vuckraamaan maitanne aurinkovoiman kayttdan, mikali maita voisi
tietyin rajoittein hyddyntia samanaikaisesti edelleen myds maanviljelytoiminnassa?

) Kyl
() En

12, Mitkd tekijdt kokisit tarkeiksi, mikali maita kytettdisiin samanaikaisesti
aurinkoenergiantuotantoon seka viljelyyn? Huomaa, etta kysymysikkuna jad osittain piiloon,
Joten osa vastausvaihtoehdoista tulee nakyviin alapalkkia vierittamalla.

EE['E‘:::" J”E:;g;'“ Enosazianoe  Terke33  Ertidin thrkess

Panzelien muunnaltaveus |
Fzenmusten joustavuus

hdollist
{“u?:manml'sumnan muutosten O D O O O

mahdollistamiseksi
wuokrausjakson aikana

Mazn vuokrauksests sastave

korvaus/lisatulo {:} {:} {:} {:} 'C}

viljelytoiminnan yhteydessa

Sa3nnalizet
palautekeshustelut
snergiantuottajgtahon kanssa

Tisto tuotetusts enengiasts

Mazperan vielykunnon

Sibymil llzan =i

T:la;::r?tlﬂr:i‘n::fu::w:_li&mn O O O O O
aikanz

Mazperan ennallistaminen

\'uclu'p;.sjalcscn pEatteaksi {:} D {:} O 'C::'

13. Minka kokisitte haastavaksi/mika aiheuttaisi teille heolta, mikali maita kaytettaisin
samanaikaisesti viljelyyn sekd aurinkoenergiantuctantoon?

Kirjoita vastaus
14. Miten kokisitte, ettd [3hiympdristissd suhtavduttaisiin
agrivoltaics/maatalousaurinkosdhkbhankkesseen verrattuna perinteiseen

aurinkovoimahankkeeseen [missa koko peltoala olisi aurinkovoimalakdytdssa eika viljely olisi
mahdaollista) mikali maillenne tulisi agrivoitaics hanke?

Kirjoita vastaus



15, Mikali olisi mielestdsi sopiva wuckra-aika agrivoltaics/maatalousaurinkosahkShankkeelle,
Jjolloin maat olisivat yhieiskaytdssa viljelyn ja energiatuotannon kanssa?

() ABe 10 wuotta
) 11-20vuora
) 21-30wuorta
) 31-40vuotta

) ¥idlwots

16, Mikali vuokraisitte maitanne osittain agrivoltaics/maatalousaurinkosdhkdhankkeesaen, mitkd
tekijat olisivat teille térkeitd yhteistydkumppania ajatellen? Huomaa, ettd kysymysikkuna j38
osittain piiloon, joten osa vastausvaihtoehdoista tulee ndkyviin alapalkkia vierittdmalla,

Ei lzinkzan Jokzesnkin

mahdollistaminen

tarkess thrkesd En ozaz zanoca Tarkzz3 Erittdin tarkeaa
Tunnettu toimija markkinoilla O O O O O
Yhteistydin toimivius O O O
Aktinvinen kommunikoint
knblom\rr:leullausjwn ;;n O O O O O
S&anndllzten vuckratulojen O O O O O
Yrrma
maanuijz'_.lﬁhetoimintaa O O O O O
kohtzan
Toiminnan
Joustavuus/rivkautuvis O O O O O

maanvifelyn ehdoilla
Wahdolkzuus paasta mukaan

kehittSmian toimintaa /
vilizhm ja energiantuct=nnon O O O O O
yhdistamistd

17. Onko edelliseen kysymykseen liittyen muita asioita, mitad kokisit tircedksi yhteistydhén ja
yhteistydkumppanin valintaan liittyen, mitd edellisissd vaihtoehdoissa ei ollut mainittu?

Kirjoita vastaus

18 Mista asicista haluaisit entyisesti lisatietca oman padtoksenteon tueksi, mikali harkitsisitte
maiden vuckraamista aurinkoenergiatuontantoon siten, ettd maita kiytettsdisiin
samanaikaisesti myds viljelyyn/laiduntamiseen?

Kirjoita vastaus



