
Vol.:(0123456789)

Environment, Development and Sustainability (2023) 25:11769–11787
https://doi.org/10.1007/s10668-022-02553-7

1 3

Diffusion of renewable energy technology on Spanish farms: 
drivers and barriers

Julio Pombo‑Romero1   · Hans Langeveld2 · Marta Fernández‑Redondo3

Received: 22 October 2020 / Accepted: 7 July 2022 / Published online: 20 July 2022 
© The Author(s) 2022

Abstract
The aim of this paper is to identify the drivers and barriers of on-farm adoption of renewa-
ble energy systems (RES) in Spain and to determine how the existing mix of policies (sub-
sidies, regulation and communication) affected the decisions of the farmers. The analysis is 
based on the results of a national survey that was completed by 719 farmers, representing 
the main types of farms and production regions. Statistically significant correlations have 
been observed between the probability of on-farm RES adoption and variables such as the 
use of contract farming, interest in new technologies and risk tolerance. Findings suggest 
that the diffusion of on-farm RES was at an early stage. Farmers are hesitant to adopt RES 
because the level of economic and regulatory uncertainty is perceived as too high in rela-
tion to the return and payback time typical of RES investments. Tailored business models 
and financing solutions should be implemented and promoted to overcome the described 
issues. Furthermore, relevant and reliable information should be available within farmers’ 
most common professional networks such as cooperatives and farmers’ associations. These 
aspects should be combined or even prioritized over providing direct economic incentives 
when producing on-farm RES supporting policies.
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1  Introduction

Farms and agribusinesses in Spain consume large amounts of energy as a basic input of 
their production processes. Energy is used to power machinery and transport, irrigation 
systems, illumination, coolant pumps and temperature-control machinery for sheds and 
greenhouses among other things. Furthermore, the modernization of farms by introduc-
ing new technologies and practices tends to increase energy consumption, both in absolute 
and relative terms (Martinho, 2016). Thus, Spanish farms consumed 2458 Ktoe in 2018, 
equivalent to 2.8% of the total primary energy consumption of the country in that year 
(MAPAMA, 2020). Energy costs represent more than 10% of Spanish farmers’ average 
expenses and in some cases, such as those farms that rely on irrigation systems, it can 
represent up to 50% of production costs (Lorenzo et al., 2018). As consequence, the car-
bon footprint of Spanish farming is also very relevant, as it is estimated that the sector 
was responsible for 11.9% of the country’s greenhouse gas emissions in 2018 (MAPAMA, 
2020). The use of renewable energy systems (RES) can improve the long-term economic 
and environmental sustainability of the Spanish agrarian sector by producing a significant 
part of the energy consumed on most farms, creating gains both for the farmer and for the 
local communities (Pedroli & Langeveld, 2011; Sutherland et al., 2015) while facilitating 
compliance with the international commitments that require significant increases in the use 
of clean energy technologies in every sector of the economy.

Spanish farms are especially well-suited to installing photovoltaic systems (PVS) for the 
production of electricity for self-consumption purposes, as solar radiation is high in most 
parts of the country. Potential savings obtained by PVS are especially relevant for farms 
where the consumption curve matches the production curve of PVS, so no batteries are 
required. This is the case for many farms that require irrigation for their crops or livestock 
farms that require ventilation to control the temperature in sheds, especially during the cen-
tral hours of the day in the warmer months of the year. In particular, PVS’ potential to gen-
erate a relevant share of the electricity consumed for pumping water in irrigation systems 
presents a remarkable opportunity for Spanish farmers (Lorenzo et al., 2018), given that 
the 3.8 million ha. of irrigated land produces nearly 60% of the final agrarian output of the 
country (MAPAMA, 2020).

Poultry, pig and bovine farms are increasingly concerned with controlling climate con-
ditions in sheds (Franke, 2000) while the use of sophisticated electrically powered equip-
ment, including robots, is also on the rise (Steidle, 2021; John et al., 2016). For example, 
in many regions of Spain, long and warm summers mean the need to operate large fans to 
ventilate sheds with PV systems, as the peak times for consumption conveniently match the 
peak moments of solar irradiation. Heat is also an important input in many farming pro-
duction processes including greenhouses (Esen & Yuksel, 2013; Mostefaoui, 2019) sheds 
and stables (Franke, 2000), and those with heating requirements (Abdelhady et al., 2018; 
Rosillo-Calle, 2012).

A significant part of the Spanish 2020 energy objectives was to be achieved by install-
ing renewable energy systems (RES) that are considered to be reliable and cost-efficient 
alternatives to conventional energy sources. Specifically, 268 Ktoe of the planned savings 
by 2020 were to be related to irrigation and in-door farming where on-farm RES could pro-
vide up to 60% savings in relation to non-RES technologies (Abdelhady et al., 2018; Lor-
enzo et al., 2018). To achieve these goals, the Spanish agrarian sector should have intro-
duced RES to provide at least 22% of its energy needs, meaning that at least 37% of farms 
should have introduced RES by the end of 2020.
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The aim of this paper is to identify the drivers and barriers of on-farm RES adoption 
in Spain and to determine how the existing mix of policies (subsidies, regulations and 
communication) affected the decisions of the farmers. Intermediate adoption rates, char-
acteristics and drivers of farmers who installed RES, and barriers that could have impeded 
general policy goals are evaluated using data from a survey completed by 719 farmers as 
part of the RESFARM project, funded by the European Commission’s Horizon 2020 pro-
gramme. RESFARM was undertaken between 2015 and 2018 by an international coalition 
of research institutions, farming associations and governmental agencies with the aim of 
facilitating on-farm RES introduction. The project allowed for the design and dissemina-
tion of materials and tools such as technical manuals, assessment methodologies and best 
practices to support on-farm RES projects. RESFARM activities were targeted to Mediter-
ranean agriculture and specific working groups were established to focus on Spain, Italy 
and Greece. This paper is based on the activities of the group focused on Spain.

Due to its relevance in relation to climate and agricultural policy action, the identifica-
tion of the drivers and barriers of on-farm RES adoption has been carried out for several 
contexts, including the USA (Borchers et  al., 2014), China (Li et  al., 2021) the Nether-
lands (Trujillo-Barrera et al., 2016), Germany (Schaffer & Düvelmeyer, 2016) and the UK 
(Barnes et al., 2022). Nevertheless, equivalent insights are not available for the Mediterra-
nean Agriculture in general and, in particular, for Spain. This is a gap that this paper aims 
to fill, as Mediterranean farming presents its own specific technological, economic and cul-
tural drivers. Furthermore, in order to provide useful insights in order to design on-farm 
RES promotion actions, a special focus has been put on the analysis of the communication 
channels which are being used to disseminate relevant information and to establish those 
which might be more effective. This is an issue which, to our knowledge, has not been thor-
oughly considered in existing literature.

This paper is divided into five parts. After this introduction, Sect. 2 discusses data col-
lection and analysis. Section 3, presenting main results, is divided into two parts. The first 
part presents the results and estimations of the level of diffusion of on-farm RES, the char-
acteristics and drivers of early adopters and the dissemination channels that are already in 
place. The second part lists barriers that have been identified for the diffusion of on-farm 
RES as well as the communication channels that can be used to efficiently disseminate 
new technologies to farmers. Section  4 contains a discussion of the survey results, and 
actions are suggested to overcome the identified barriers, including policy recommenda-
tions. Finally, Sect. 5 consists of the paper’s conclusions.

2 � Materials and methods

2.1 � Characteristics of the surveyed sample

Understanding the diffusion of on-farm RES was among the objectives of the RESFARM 
project. In this framework, the need to obtain a detailed picture of the situation of on-farm 
RES adoption in quantitative and qualitative terms was identified. In particular, it was nec-
essary to identify the barriers and drivers of on-farm RES adoption and the implications 
of the findings in relation to the effectiveness of existing public support measures and the 
achievement of related policy goals. For this purpose, it was decided to carry out a survey 
addressed to farmers and managers of farming cooperatives regarding the introduction of 
on-farm RES in Spain. In order to design the survey, in-person, open interviews with 32 
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experts in different areas related to on-farm RES objectives were carried out by research-
ers from the University of A Coruña. Based on the results of this preliminary work, it was 
decided to focus the scope of the survey on the general level of awareness of potential 
adopters, the characteristics of early adopters, the factors affecting the decision process of 
on-farm RES adoption and the communication channels that were available to dissemi-
nate relevant information among the farmers. As result, a questionnaire with 44 questions 
was produced to collect both information regarding the characteristics of the farm and the 
farmer and information specifically related to on-farm RES adoption.

The first part of the questionnaire produced a detailed description of the farm and of the 
characteristics of the farmer. The second part of the questionnaire was related to the level 
of on-farm RES introduction, the reasons and information sources that influenced those 
who had already installed RES, the level of awareness and interest of farmers in RES and, 
for those who consider their farms suitable for RES but who have not yet installed these 
technologies, what barriers are dissuading them from adopting RES. Finally, a number of 
control questions were included. The questions required the farmers to respond to what 
extent they agreed or disagreed with the question on a Likert scale ranging from 1 to 5 with 
1 being strongly disagree, 3 somewhat agree and 5 totally agree.

After a pre-test of the draft questionnaire, carried out with 5 farmers, slight amend-
ments were made. 21 survey-givers were trained among the staff of the agrarian associa-
tions of the RESFARM consortium with broad experience in working with farmers. To 
obtain a representative sample of the entire farming sector of Spain, 11 type of farms 
in terms of type of production were established as a first level of stratification, repre-
senting more than 96.5% of the total agrarian output in the country. Due to the level 
of geographical specialization of farming in Spain related with the variety of climate 
and physical conditions, a multistage sampling technique was used to select the sam-
ple farmers. A minimum target of 15 surveyed farms of each type was established to 
be chosen using random sampling in the databases of the farming associations (Hib-
berts et al., 2012). The fact that the farmers’ association which collaborated in the study 
represent more than 70% of the total population (more than 600,000 farmers) allowed 
for the obtention of a stratified sample, made up of 3 types of farms in terms of size 
and 3 geographical/specialization areas, in proportions similar to those observed in the 

Table 1   Structure of the sample 
and of the population of the 
Spanish farming sector by type 
of production

*Spanish Agrarian Census 2009 (INE, 2009)

Farm type No. (%) Population* Pop. (%)

Cereal 35 4.8 136,517 16.6
Cow 230 32 64,969 7.9
Fruit 29 4 131,583 16
Grassland 19 2.6 148,031 18
Greenhouse 75 10.4 16,448 2
Olive 17 2.3 188,328 22.9
Poultry 55 7.6 8,224 1
Sheep 68 9.5 41,942 5.1
Swine 66 9.2 6,579 0.8
Vegetable 40 5.6 18,093 2.2
Vineyard 86 12 61,679 7.5
Total 719 100 822,392 100



11773Diffusion of renewable energy technology on Spanish farms:…

1 3

population of farms in Spain, as shown in Table 1. The size of the sample needed to pro-
duce estimations with a 95% confidence level was of 394 observations. Then, a sample 
within each group was randomly selected from the databases of the farmers’ organiza-
tions and the contact details of the farmers were assigned to the nearest survey giver. In 
order to ensure that such at least 394 observations were available, it was decided to con-
tact double that number of farmers (788). The details of the potential participants were 
distributed to local offices of the associations in 15 regions of Spain to directly contact 
the selected farmers in order to proceed with the survey. The final sample is biased 
towards medium and large farms and towards cattle (especially cows) rather than crops. 
This bias is related with the geographical location and production specialization of the 
farming unions that carried out the survey. This bias has been corrected by weighing 
the cases by size and type of farm in order to reflect the actual structure of the Spanish 
farming sector.

The rate of response was high, as the questionnaire was answered by 719 farmers and 
cooperative managers out of the 788 contacted (91.24%). This high level of response can 
be related to the pre-existing relationships of collaboration and trust between the farmers’ 
and the local branches of the farming associations. The survey was carried out between 
November 2015 and March 2016 and was conducted by the survey givers during telephone 
interviews with the sampled farmers. After completing each questionnaire, survey givers 
had to evaluate to what extent the surveyed farmers understood the meaning of the ques-
tions and responded accordingly. Survey takers also had to evaluate the perceived level of 
collaboration and understanding that the farmer showed during the interview.

Most (680) of the 719 farms included in the final sample were personal enterprises, 
30 were limited partnerships and there were 9 cooperatives. All the farmers included 
in the survey were directly responsible for investment decisions on their farms. Also, 
most of the surveyed farmers obtained all or most of their income from the farm (80.4% 
of the sample). All the surveys were directly filled in by the trained survey givers. The 
main characteristics of the population and the sample are shown in Table 1.

The final sample includes farms representing the different farming regions of Spain 
as presented in Fig. 1.

2.2 � Methods

Following relevant literature (Borchers et al., 2014; Glenk, 2014; Tate et al., 2012), a 
farmer’s decision to introduce a new technology can be analysed by assuming that the 
adoption is a categorical dependent variable of a binomial logistic model. This allows 
for establishing the influence of a number of independent variables with the probability 
of adoption. A common modelling framework to analyse technology diffusion under this 
framework is a binary choice model (Rao & Kishore, 2010), usually a probit or logisti-
cal specification. Such a model is appropriate if participation fits into a dichotomous 
choice, essentially taking on values of zero and 1 (i.e. whether a respondent of the sur-
vey has or has not introduced on-farm RES). We used a logistic, binary choice model to 
estimate the probability of a farmer adopting on-farm RES in Spain. It should be noted 
that the use of logistic distributions has an advantage over other models in the analysis 
of dichotomous outcome variables; binary logistic models do not rest on the assumption 
of linearity between dependent and independent variables and do not assume homosce-
dasticity. The logistic model used in this analysis is specified below:
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where Pi is the probability that a farmer adopts on-farm RES; Xi represents a set of explan-
atory variables and α and β are parameters to be estimated.

From Eqs. (1) and (2), we get,

where Pi is the probability that Yi takes the value 1 and then (1 − Pi) is the probability that 
Yi is 0 and e is the exponential constant. Now taking the natural log of both sides of Eq. (3), 
we get,

Also, in this paper, an estimation of the level of awareness and interest of those potential 
adopters among Spanish farmers hesitant to introduce RES is obtained. This is a relevant issue 
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Fig. 1   Geographical distribution of the farms including in the survey. The 719 farms included in the survey 
represented the different climatic areas of Spain, corresponding to different types of farming



11775Diffusion of renewable energy technology on Spanish farms:…

1 3

in order to analyse the results of the survey and the effectiveness of existing policy support 
measures. Details are provided regarding the barriers that are perceived by this group of sur-
veyed farmers for the introduction of on-farm RES. Then, information is provided regarding 
the communication channels that are disseminating relevant information among early adop-
ters. Finally, the communications channels that can be used to reach the majority of the farm-
ers are described. The results have been weighed in order to extrapolate the estimations to the 
population of farmers in Spain.

Table 2 presents the demographic characteristics of the surveyed sample and of the popula-
tion of farms in Spain. As can be observed, the surveyed farmers are on average, younger than 
the average farmer in the population, are more likely to be full-time farmers, already have 
plans for the continuity of the farm and also have larger farms. This is due to the fact that the 
statistics of the farming sector include a relevant number of part-time farmers who tend to be 
older and with smaller farms than full-time farmers. As the objective of the study is to produce 
relevant information to support the promotion of on-farm RES, a special focus has been put on 
full-time farmers. In order to obtain estimations for the Spanish farming sector on the basis of 
the results of the survey, post-stratification weighing was applied, on the basis of type of farm 
and its size following the weights presented in Table 2.

Table 2   Distribution of the 
sample of farmers by age, 
dedication, succession plans, size 
of the farm and location within 
Spain

*Spanish Agrarian Census 2009

Categories Sample (n) % (n) Population*(%)

Age
 < 40 123 17.1 9.1
40–54 300 41.7 35.0
55–64 256 35.6 25.0
 > 64 40 5.6 30.9
Dedication
Full time 578 80.4 69.4
Part time 141 19.6 30.6
Succession/long-term continuity guaranteed
Yes 497 69.1 58.0
No 222 30.9 42.0
Farm size
Small 445 61.9 74.8
Medium 113 15.7 20.6
Large 161 22.4 4.5
Location (within Spain)
North 187 26.0 15.7
Centre 206 28.7 34.9
South/Mediterranean 326 45.3 49.4
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3 � Results

3.1 � Drivers of on‑farm RES adoption in Spain

The proportion of farmers who have adopted RES technology in Spain by 2016 is esti-
mated at 7.99% (confidence interval (CI) at 95%: 5.14–10.85%), a level of introduc-
tion lower than that observed in similar surveys in European countries (Ruiz-Fuensanta, 
2019; Schaffer & Düvelmeyer, 2016; Tate et al., 2012). The main driver of early adop-
ters of on-farm RES in Spain is to obtain economic benefits. This factor was key for 
93.5% (CI 95%: 86–100%) of early adopters, a much higher figure than the second most 
important factor: reducing the environmental impact of the farm. That is estimated to 
be very relevant for 19.6% (CI 95%: 7.6–31.4%). The existence of grants was very rel-
evant for an estimated 17.4% (CI 95%: 6–28.7%) of on-farm RES adopters, while other 
improvements in production methods (for example producing a “higher quality” sort of 
heat for poultry farms as a result of using biomass instead of propane), is estimated to 
have been relevant for just 2.2% (CI 95%: 0–6.5%) of early adopters. Figure 2 presents 
these results.

In order to analyse which characteristics differentiate early adopters from the aver-
age farmer, a logit regression model has been produced. The dependent variable was 
the adoption of RES and the independent variables were the individual characteristics 
of the farm and of the farmer. At farm level, the factors that were included were: the 
size of the farm, the production orientation (crops or livestock), its profitability, the 
farm using contract farming, the existence of a succession mechanism, the level of 
debt and the level of technological advance of the farm. At farmer level, the factors 
included were: the expected evolution of his production, the level of risk aversion and 

Fig. 2   The expectation to secure economic gains has been the main driver of on-farm RES adoption in 
Spain
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the self-perception that the farmer has of his degree of early adoption of technologies, 
social activity and a management style focused on continuous improvements of the 
farm. The variables included in the analysis were selected on the basis that they have 
been previously associated with the probability of early adoption in the framework of 
DIT literature. The variable “farming using contract farming” was included as a result 
of a preliminary correlation analysis of the data recorded during the survey.1 Summary 
statistics and explanation of the variable with the hypothesized effects are presented in 
Table 3.

The results are shown in Table 4, where those variables which make a significant unique 
contribution to the probability of on-farm RES early adoption in Spain are marked in bold 
type. The likelihood ratio (LR) chi-square statistics, and pseudo-R-square values reported 
at the bottom of Table 4 indicate that our model specification provides a reasonably good 
fit of the data. The logistic model correctly predicts 97.2% of the sample observations 
(98.5% of observed 0 and 66.2% of observed 1). At farm level, the variables identified with 
statistically significant relations with on-farm RES adoption were, in order of relevance: 
the existence of a succession plan/farmer already in place, use of contract farming and the 
profitability of the farm. Non-statistically significant relations, but close to that level, were 
found for the size of the farm and (negative) for the level of indebtedness. The production 
orientation of the farm and its level of technological advance showed no relation to on-
farm RES adoption.

At farmer level, the variables with a statistically significant relation to early adoption 
were, in order of relevance: the planned increase in production, the focus on asset/farm 
improvement, the self-evaluated level of the early adoption of technology and the level of 
risk tolerance. A negative, non-statistically significant relationship was estimated for social 
activity.

The identification of the communication channels that were used by early adopters 
to obtain information related to on-farm RES is especially relevant in the framework of 
DIT to establish the underlying driving forces of the process. The most relayed source is 
other farmers who have direct experience with RES. Word-of-mouth is estimated to be a 
key communication channel by 53.1% (CI 95%: 37–69%) of early adopters. This result is 
coherent with some evidence that indicates that technology adoption is strongly influenced 
by the social network of individuals, especially by opinion leaders within those networks 
(Valente Thomas, 1995). The second most relevant channel has been assessment from 
independent experts, estimated to be very relevant for 35.4% of early adopters, (CI 95%; 
19.9–50.84%) followed in importance by salesmen 22,4%, (CI 95%: 8.95–35.85%). Other 
sources that are estimated to be less relevant include exhibitions/conferences, 12.5% (CI 
95%: 1.8–23.18%), cooperatives and associations, 5.5% (CI 95%: 0–12.8%), or agricultural 
extension services, 1.5% (CI 95%: 0–5.4%). Figure 3 shows these results:

3.2 � Barriers to on‑farm RES diffusion

While the results of the survey suggested low adoption levels of RES in the farming sec-
tor, extrapolation of the results indicates that 85.2% (CI 95%: 81–89%) of those farmers 

1  Contract farming is an agreement established between farmers and processing or distribution companies 
for the supply of agricultural products under forward agreements usually at predetermined prices. The pur-
chaser also provides production support to the farmer like input supply and technical advice.
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who have not yet installed RES consider that their farm would be well-suited to the 
technology. This figure is similar to results reported in other studies (Tate et al., 2012; 
Beckman & Xiarchos, 2013). High interest levels, however, contrast with low level of 

Table 4   Logistic model estimates of the factors determining the adoption of on-farm RES

Figures marked in bold indicate statistically significant differences at the 95% confidence level

Variables in the Equation B S.E Wald Sig. Exp(B)

Size of the farm 1.029 .539 3.649 .056 2.798
Livestock farm .214 .660 .105 .746 1.238
Farm profitability .662 .325 4.145 .042 1.938
Contract farming 1.373 .577 5.659 .017 3.948
Succession planned 1.801 .799 5.083 .024 6.058
Debt level  − .447 .237 3.561 .059 .640
Planned increase of production .873 .378 5.329 .021 2.394
Risk aversion  − .510 .201 6.423 .011 .600
Early adopter (self-considered) .731 .269 7.398 .007 2.076
Technologically advanced (self-considered)  − .220 .249 .778 .378 .802
Socially active (self-considered)  − .470 .249 3.573 .059 .625
Focus on improvements (self-considered) .811 .315 6.611 .010 2.250
Constant  − 13.570 2.925 21.527 .000 .000

χ2  − 2 Log likelihood Cox and Snell R Square Nagelkerke R Square

149.76 120.055 .197 .426

Fig. 3   Informal social networks, such as other farmers and independent experts, are the predominant com-
munication channels that early adopters rely on in Spain to obtain relevant information regarding on-farm 
RES



11780	 J. Pombo‑Romero et al.

1 3

adoption and it is important to identify barriers for RES uptake. The surveyed group of 
farmers classified as “suitable but without RES” indicated that the upfront cost required 
for RES is, by far, the main barrier that discourages them from installing on-farm RES 
(72%, CI 95%: 67–72%). The second most important barrier mentioned by farmers was 
a high level of uncertainty over the results (45.7%, CI 95%: 40–52%), including uncer-
tainty about the expected economic savings, doubt regarding the capacity of RES to 
produce the energy required by the farm in a reliable manner and uncertainty regarding 
the actual burden that operation and maintenance activities of the systems may cause. 
The lack of information and tailored offers to farmers’ needs are also perceived as 
important barriers (44.6%, CI 95%: 39–51%). Barriers following in importance are legal 
and administrative complexities (32.6%, CI 95% 27–38%) and O&M complexities (18%, 
CI 95% 14–23%). Negative references from farmers who have already installed RES are 
considered to be a discouraging factor by 9.2% (CI 95%: 6–13%) of potential users. Fig-
ure 4 presents these estimations.

Scale effects were observed regarding the barriers to on-farm RES and farm size. 
Smaller farms are almost exclusively concerned about up-front costs (100%), while 
medium and large farms are much more concerned about legal and administrative com-
plexities, uncertainty over results and the lack of relevant information and offers (Fig. 5 
below shows these scale effects).

Finally, the survey allows for the estimation of the communication channels that can be 
used to disseminate RES among potential users. Thus, information and assessment about 
new technologies provided by farmers’ associations and cooperatives is the most cited 
source (73%, CI 95%: 68–78%) followed by technology providers (61%, CI 95%: 56–67%), 
independent experts (53.9%, CI 95% 48–60%), and other farmers (44.3%, CI 95% 38–50%). 
Large farms rely more on independent experts and less on technology providers. Small 

Fig. 4   High up-front cost, uncertainty over the results of the investment and lack of tailored offers to farm-
ers’ needs are the main barriers identified by those hesitant to adopt RES. The legal and administrative 
framework of RES in Spain is also perceived as a major deterrent
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Fig. 5   The barriers perceived by farmers to on-farm RES introduction present scale effects and two groups 
of farms can be identified. The first group includes small farms which are almost exclusively concerned 
with the cost of the systems. The second group includes medium-sized and large farms, and they are rela-
tively more concerned with non-economic factors

Fig. 6   Farmers rely on their formal networks to obtain relevant information regarding new technologies that 
can be introduced in their holdings, including farmers’ associations and cooperatives and sellers/providers 
of the technology. These channels must be used to disseminate on-farm RES information in order to reach 
the majority of potential adopters
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farms rely more on information provided by farming associations/cooperatives and other 
farmers. These results are presented in Fig. 6.

Farmers that already installed RES report different pattern of information acquisition, 
identifying cooperatives and farming associations as important sources regarding the 
introduction of new technologies, as can be seen in Fig. 7. For non-adopters, cooperatives 
and farmers’ associations were recognized as the most important communication channel 
(72.7%), whereas for early adopters, technology sellers were the source of information of 
reference (60%).

4 � Discussion

The results indicate that the diffusion of RES technology in Spain was far below the pol-
icy targets, as only 8% of farmers adopted the technology by 2016 while Government’s 
target for that time was of 20%. Even in the upper level of the confidence interval, the 
results show a deviation of around 50% from the planned target. The observed deviation 
indicates the limited success of the policies that have been implemented to reach on-farm 
RES targets. Importantly, the results suggest that the low level of diffusion of on-farm RES 
in Spain is not primarily caused by a lack of awareness or interest by farmers regarding on-
farm RES, as an estimated 85% of the farmers who have not installed RES are aware of the 
technology and consider that it may be suitable for their farm.

Nevertheless, a number of findings indicate that on-farm RES was still in the early 
stages of its technology diffusion process (Rogers, 2010), suggesting that most farmers 
were using a “wait and see” approach rather than actively adopting it. This can explain the 
high relationship shown between risk tolerance and on-farm RES adoption which suggest 
that most of the farmers who were introducing the technology can be classified as “inno-
vators”. To explain this lack of progress, it is relevant to analyse the drivers and barriers 

Fig. 7   The sources that early adopters used to obtain information regarding new technologies differ from 
those of non-adopters. This effect may indicate that cooperatives and farmers associations may play a larger 
role in disseminating on-farm RES
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found by farmers in relation to the adoption of on-farm RES as well as the communication 
channels that are acting to disseminate the technology.

The main driver for on-farm RES adoption in Spain was the farmer’s expectation to 
obtain positive economic returns on the investment, whether by saving in energy bills or by 
selling the energy produced. This result is consistent with most of the literature available 
on the issue (Borchers et  al., 2014; Yaqoot, 2016; Ackrill & Abdo, 2020). Environmen-
tal concerns were less of a relevant factor while the availability of grants, the cornerstone 
of the Spanish supporting policy, was a decisive element for only 17.4% of the farmers 
that had introduced on-farm RES. This result indicates the relatively reduced relevance of 
grants as a driver for on-farm RES adoption, an issue that has been already reported else-
where (Borchers et al., 2014; Tate et al., 2012; Reise, 2012). Thus, the accumulated evi-
dence contradicts the widespread perception that grants and subsidies are the main driver 
of investments in farming and that consequently, these types of actions should be the most 
important piece of supporting policies for on-farm RES.

The survey also showed that the probability of early adoption is statistically related with 
the availability of a succession mechanism for the farm and with the willingness of the 
farmer to carry out long-term investments, relationships that have been previously reported 
(Calus, 2008; Sutherland, 2016; Pedroli & Langeveld, 2011). Thus, Spanish farmers con-
sider that on-farm RES will only pay-off in the long term, so only those willing to assume 
long payback times are interested in the solution. Nevertheless, for on-farm RES to be mas-
sively introduced, it is necessary that it offers a clear value proposition for the farmers, 
not only in the long term, but also in the short and medium term. In this regard, busi-
ness models that deliver positive returns from day one, while reducing the riskiness of the 
investment, can be expected to be more suited for the majority of farmers. This is the case 
of third party ownership-based (TPO) business models (Drury et al., 2012), such as those 
based on energy services companies (ESCO), where the RES is owned and operated by 
specialized entities. In TPO, the results are guaranteed by the operator and, in most cases, 
no upfront payments are required, so most of the financial, legal and technical complexities 
and risks are transferred from the farmer to the ESCO. TPO models also have the capacity 
to attract a higher level of investment to RES and to introduce price transparency and tech-
nical quality to the market (Joshi, 2012; Mendelsohn et al., 2015).

Another relevant result is the strong positive relationship found between contract farm-
ing and on-farm RES introduction. Contract farming facilitates long-term planning and is 
seen by many farmers as a risk mitigation strategy (Glover & Kusterer, 2016) which can 
somehow compensate for the additional risks of introducing on-farm RES. Contract farm-
ing also allows farmers to introduce new technology and to learn new skills as well as to 
have access to credit lines from the purchaser or other financial providers. The positive 
relationship between contract farming and on-farm RES adoption can be considered in the 
design of supporting measures for on-farm RES, for example by combining standardized 
production contracts for the agrarian output of the farm with standardized power purchase 
agreements for the energy output resulting from on-farm RES.

Regarding the barriers of on-farm RES adoption, the most relevant barrier is the high 
up-front costs that are required to install on-farm RES. This barrier has been highlighted by 
more than 70% of farmers. Long payback time, together with the novelty of the technology, 
introduces uncertainty regarding the results of the investment, so the assessment of return 
and reward is considered to be insufficient for most farmers. The lack of confidence regard-
ing the actual performance of installed on-farm RES can also be related to the limited track 
record of the solution within the personal network of most farmers, due to the low diffusion 
level of the technology.
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In the case of Spain, uncertainty over long-term results of RES could have been 
compounded with the unstable regulatory framework that negatively affected the prof-
itability of many projects (Dusonchet & Telaretti, 2015; Alonso, 2016). Indeed, the 
legal and administrative framework of RES in Spain is also perceived to be a barrier, 
rather than as a driver for many farmers, a result that puts into question the effective-
ness of the related policies implemented by the Spanish Government. Thus, while only 
an estimated 17.4% of farmers who introduced on-farm RES considered that the avail-
ability of subsidies and grants were a relevant factor for adoption, an estimated 32.6% 
of potential adopters considered the related legal and regulatory framework as a main 
barrier to adoption. The negative impact of RES-related regulation, also found in other 
studies (Morris & Bowen, 2020; Ackrill, 2020) indicate that ill-designed and unstable 
regulation more than offsets the availability of subsidies and grants.

Scale effects have been observed in the perceived barriers to on-farm RES. The 
survey showed small farms listing different barriers to medium-sized and large-sized 
farms. Thus, the former were almost exclusively concerned with the up-front cost of 
the systems, meaning that supporting measures based on subsidizing this cost could 
be more efficient when engaging small farms in on-farm RES. Larger farms requires 
more comprehensive on-farm RES supporting measures, aimed at reducing uncertainty 
and providing a stable regulatory and administrative framework. Regarding the exist-
ence of scale effects and the introduction of on-farm RES, existing literature shows 
contradictory findings. Results found in Spanish farms (Ruiz-Fuensanta et  al., 2019) 
and in Dutch horticulture farms (Aramyan et al., 2007), for example, suggest that large 
farms are more likely to invest in energy-saving measures than small-scale farmers, as 
they are consuming more energy. These results contrast with those reported in green-
house farming (Pietola & Lansink, 2006), indicating that small farms are more likely 
to invest in such technologies. In our dataset, no correlation between farm size and 
investments in RES installations was found.

Finally, the analysis of the communication channels that have been used by early 
adopters indicates that the on-farm RES dissemination process has been mainly driven 
by word of mouth and by direct contact among farmers. Thus, the communication 
channel that has been more active in disseminating on-farm RES in Spain has been 
“other farmers”. Nevertheless, the results also show that non-adopter farmers, who are 
the majority, mainly rely on farmers’ associations and cooperatives to obtain relevant 
information much more than adopters do.

It appears that the relevant “know-how” for on-farm RES adoption is not avail-
able precisely in the place where most farmers are used to obtaining such informa-
tion (Skaalsveen, 2020). Also interestingly, a negative correlation (Sig. 0.59) has been 
found between the level of social and professional networking activity of the farmer 
and early adoption, which can also indicate that on-farm RES adoption has not been 
driven as a result of information or experiences that have occurred within the farmers’ 
main professional network: the farmers associations and cooperatives. The described 
findings suggest that reinforcing the capacity of farmers’ associations and cooperatives 
to provide relevant information regarding on-farm RES could be an effective strategy 
to facilitate its dissemination. This can be done by supporting these types of entities, 
for example, by training their staff in on-farm RES related issues or by carrying out 
pilot experiences whose results can then be disseminated among members.
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5 � Conclusion

Despite the existence of suitable solutions and dedicated supporting measures and 
policies, the level of diffusion of on-farm RES in Spain is much lower than the level 
established by the Spanish Government. This mismatch has been caused by a number of 
non-technological barriers which are preventing most of the potential adopters to install 
on-farm RES.

Farmers’ perceived uncertainty over the results of on-farm RES projects was too high to 
convince them to assume the high up-front costs and long pay-back times which are char-
acteristic of RES investments. Furthermore, relevant information regarding the available 
solutions is missing precisely in the places where farmers are more used to searching for it 
when adopting new practices. The observed combination of economic and legal uncertain-
ties that surround RES is compatible with a potential lock-out for the technology. In such 
context, subsidies and grants, which are the basis of existing supporting policies, have a 
limited impact on promoting on-farm RES adoption and further action might be necessary.

Thus, in order to facilitate the diffusion process of on-farm RES, tailored solutions must 
be implemented to better manage on-farm RES related risks and financing. In this regard, 
the development and promotion of tailored business models for on-farm RES based on task 
and risk allocation can be especially effective. Also, actions can be taken to ensure that rel-
evant and reliable information is available within the most frequently used communication 
channels of the farmers such as cooperatives and associations. Furthermore, it is important 
to ensure a coherent policy framework for on-farm RES which could act as driver rather 
than as a barrier of on-farm RES. This policy framework does not necessarily have to be 
based on direct subsidies for RES investments, but in establishing a legal and administra-
tive framework which is especially necessary to reduce uncertainty regarding the results of 
long-term investments, such as on-farm RES.

This analysis has a number of limitations that must be taken into consideration. Firstly, 
the sample used is entirely composed by Spanish farms, so its extrapolation to the rest of 
Mediterranean agriculture is not straightforward, especially in the case of smaller farms 
which tend to be more affected by local factors. Secondly, it should be noted that new com-
munication channels based on web-based social networks are being rapidly adopted by 
farmers. Such communication channels have not been considered for this research so it 
could be a relevant issue for future work. Other issues that also deserve further attention 
in future research in on-farm RES adoption include the assessment of the effectiveness 
of alternative supporting measures to encourage new projects, the detailed identification 
of the risk factors perceived by the farmers and analysis of the impact of existing on-farm 
RES in the sustainability of the agricultural holdings and the rural communities where they 
belong.
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