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Executive summary 
Farmers experience the pressure to produce more and higher quality food at a lower cost in an 

environmentally and socially sustainable manner. Recent developments in data-driven technological 

innovations (e.g., drones and sensors) present a promising avenue for farmers to respond to this pressure 

while enhancing sustainable performance. However, for too long, sustainable innovations to improve the 

farmer’s position in the agri-food value chain have taken a siloed approach, while modern agri-food value 

chains are often composed of complex and interrelated networks to produce, process, distribute and 

consume agri-food products. Sustainable innovations which aim to improve the farmer’s position, therefore, 

require an orchestrated system-based approach, which enhances the environmental, social, and economic 

impact of the value chain, as such requiring collaborative business models and behaviour innovation by 

multiple actors. To this end, the Ploutos project integrates three innovation streams into one single 

innovation: 

 Data-driven technological innovations 

 Behaviour innovation 

 Collaborative business models 

The objective of this deliverable is to present the final Sustainable Innovation Framework (SIF). The SIF, 

together with a set of tools, aims to guide agri-food value chain actors through the innovation process, while 

considering the perspectives of multiple stakeholders. This deliverable presents the following materials: 

 The final SIF provides a detailed overview of the framework, as well as a description of all the steps 

of the innovation process. 

 The measurement framework provides a tool to measure the economic, environmental, and social 

performance before and after the innovation process. 

 The guidelines for replication help agri-food actors in implementing the SIF and the measurement 

framework. 

The SIF presented in this deliverable is an empirically refined version of the initial SIF presented in D1.1: State 

of the art and initial SIF report. The initial SIF is a conceptual and theoretical work. By applying the initial SIF 

in the sustainable innovation pilot (SIPs) we confirmed various elements of the SIF. However, improved 

insights, based on deviations and unexpected situations, led us to improve the SIF. 
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1 Preface 
1.1 Project summary 

The Ploutos project focuses on rebalancing the value chain for the agri-food system, transforming it into one 

that works for the benefit of society and the environment. The project will develop a SIF that follows a 

systemic approach to the agri-food sector, building on the three Ploutos innovation streams: Behavioural 

Innovation, Sustainable Collaborative Business Model Innovation and Data-driven Technology Innovation. 

Exploiting a history of significant agri-food projects and the respective ecosystems around these, the project 

will deploy 11 innovative systemic Sustainable Innovation Pilots (SIPs), where through using a multi-actor 

approach, new innovative solutions and methodologies will be implemented, tested and assessed and 

practical lessons learned will be extracted. The SIPs cover a large range of agri-food ecosystems, across 13 

countries, covering arable, horticulture (both open fields and greenhouses), perennials and dairy production 

amongst others. In each case, behaviour change, collaborative business modelling and data-driven 

technological innovation will be integrated to deliver the most environmentally, socially, and economically 

sustainable solution. A Ploutos Innovation Academy (PIA) is established as a vehicle for integrating the know-

how, best practices and assessments developed across the project and derived from the SIPs. Ploutos 

includes 33 partners, 23 of them being end-users, representing all relevant actors in the food system, 

including farmers, food industry companies, scientists, advisors, ICT specialists and policy makers. 

1.2 Document scope 

The purpose of this document is to describe the final SIF that represents the core methodology developed 

within the Ploutos project to ensure a holistic approach towards sustainability-oriented innovations across 

the value chain.  

First, the document provides a brief background to understand the main challenges which agri-food value 

chains are currently facing and introduces the key components of the SIF. Next, the development 

methodology behind the SIF is presented, followed by a detailed description of the SIF, including replication 

guidelines, and a description of the application of the SIF to the SIPs.  

While this document is a stand-alone guide on applying the SIF, various references are made to other Ploutos 

deliverables to direct the reader to more specific tools related to data-driven technological innovation, 

business model innovation, and behavioural innovation. 

1.3 Document structure 

The document is comprised of the following chapters: 

 Chapter 1 presents a summary of the project, as well as the document scope and structure. 

 Chapter 2 introduces the role and the main components of the SIF. 

 Chapter 3 illustrates the methodology followed in the development of the SIF. 

 Chapter 4 provides a description of the final SIF, as well as guidelines for replication. 

 Chapter 5 presents the application of the SIF to the eleven SIPs. 

 Chapter 6 presents concluding remarks. 

 Chapter 7 provides the references. 

 Chapter 8 (annexes) provides detailed information on the sustainability assessment and describes 

the KPIs included in the measurement framework. 
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2 Introduction 
2.1 Sustainability-oriented innovation in the agri-food chain 

Policy makers, NGOs and consumers have thrown the agri-food sector into the limelight for the transition 

towards a sustainable future. Pressures from policy makers and NGOs arise because of the significant 

greenhouse gas emissions in the agri-food sector (amassing to more than one-fifth of the world’s total 

greenhouse gas emissions), the intensive use of resources such as water, land, chemicals, and fertilizers as 

well as the sector’s impact on biodiversity loss (Crippa et al., 2021). This pressure is evident from examples 

such as the EU’s Farm to Fork strategy and NGOs such as the Sustainable Food Trust. Consumer pressure 

arises from changing consumer values. While consumers traditionally valued price, taste and appearance, 

today’s consumers increasingly demand food to comply with social and environmental standards (Gong et 

al., 2019). As such, besides the environmental aspects mentioned above, safe working conditions, fair wages, 

the healthiness of the food, but also the cultural heritage and traditions embodied in the food play an 

increasingly important role for today’s consumers. 

Responses to the environmental and social pressures need to be embedded in the context of the agri-food 

value chain. The agri-food value chain produces, processes, distributes, and consumes products through a 

complex network of interrelated actors. The fragmented and multi-actor character of the agri-food chain 

results in skewed chain power where the power resides within multinationals and downstream buyers. 

Multinationals operating in the international food market are few in number but sell a wide variety of 

products and effectively apply intense pressure on farmers to lower prices. The price pressure is further 

augmented because of globalisation, liberalisation, and the commodity nature of many food products. 

Consequently, farmers are often price takers with little bargaining power and face serious financial challenges 

(Stanco et al., 2020). To break the impasse of the undesirable economic, environmental, and social situation, 

a promising avenue is to develop sustainability-oriented innovations (SOI). SOIs imply intentional changes to 

the philosophy and values of an organisation, as well as to its products, processes, or practices, with the 

purpose of creating and realising social and environmental value in addition to economic returns (Adams et 

al., 2016) and can include the rediscovery of long held practices such as cover crops and crop rotation. SOIs 

can help farmers to attain price premiums and enter new markets through a differentiation strategy based 

on sustainability (Cagliano et al., 2016) and to generate additional income from subsidies and payments for 

sustainable practices (e.g., carbon credits). 

However, making SOIs an economically viable solution requires an orchestrated effort by multiple value chain 

actors. Indeed, individual actors, especially farmers, have little opportunity to demand price premiums while 

facing intensive and effective pressures to lower their prices. Likewise, to enter new markets, to qualify for 

subsidies or to incur payments for sustainable practices, the sustainable practices need to be documented 

and communicated throughout the value chain. So, multiple actors in the agri-food value chain need to work 

together in an integrated and collaborative manner to monetise SOIs by means of price premiums, entering 

new markets and obtaining additional income sources. Although there is no clear path on how to implement 

SOIs with multiple value chain actors, several developments such as the adoption of new data-driven 

technological innovations, collaborative business models and new ways of working can contribute to the 

solution (Stanco et al., 2020). The next section elaborates on this in more detail. 

2.2 Framework components 

The SIF is an iterative process, which helps agri-food actors, and in particular farmers, to reap economic 

benefits from implementing SOIs. The SIF, accompanied by a portfolio of tools, guides agri-food actors 

through the SOI process by starting from understanding the problem and moving towards developing and 
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implementing the SOI. As depicted in Figure 1, the SIF is composed of three key elements: 1) the Ploutos 

innovation streams, 2) the measurement framework, and 3) the boundary conditions. The SIF itself is a 

process framework which aims to guide the SIPs through the SOI process by building upon the different 

elements. The next sections elaborate on the three key elements in more detail. 

  
Figure 1 – Elements of the SIF 

2.2.1 Ploutos innovation streams 

The Ploutos innovation streams integrate the main aspects of the SOI: 1) sustainable collaborative business 

modelling, 2) the data-driven technological innovations and 3) the needed behavioural innovation. By 

treating the three innovation streams together, rather than treating them independently from each other, 

the SIF helps to identify synergies between business models and data-driven technological innovations, while 

maximizing the adoption of the SOIs by realizing the needed behavioural change. The next sections elaborate 

on each of the Ploutos innovation streams in more detail. 

2.2.1.1 Behavioural innovation 

Innovating implies doing something new or giving a new use to an old practice. Innovation is not only about 

having new materials, but we also need to engage with them and learn new ways or new concepts. Their 

emergence re-arranges the conceptual universe we are used to, and this requires changes in behaviour that 

are critical for the innovation process. If users engage with innovation, new ways of doing things are 

introduced, new ways of looking at things, and new ways of thinking. This can be disruptive of traditional 

ways and of routine. When you disrupt routine or entrenched ways of doing things, you are bound to bring 

about resistances: resistances for those who do not see the need for change, resistance of people who have 

a vested interest in “business as usual”, resistance of those who fear change will risk them losing whatever 

they have, etc. This is why factoring in behaviour in the innovation process is critical to success. 

Imagining the solutions requires to envisage how the behaviour of people will change (or will have to adapt) 

to the new processes, ways of thinking and technologies. This change in behaviour is applied not only to the 

‘beneficiaries’, but also to those involved in the technical side of innovation. A solution may be technically 

sound, but for a number of reasons (cultural or others) the supposed beneficiaries may not engage with it, 

despite the potential benefits of doing so. This is why at the heart of our sustainable innovation model there 

is an ethos of working collaboratively and co-creating solutions between different actors and stakeholders 

guided by the idea of mutual value. The idea of mutual value is relevant to all the dimensions – economic, 

social, and environmental – of the SOI. 
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2.2.1.2 Sustainable collaborative business models 

One of the crucial aspects of a successful, sustainable and scalable SOIs is a solid business model. Since the 

Ploutos project aims to create sustainable value and to redistribute costs and benefits in a fair manner 

throughout the value chain, it becomes evident that collaboration and sustainability become essential parts 

of the business model.  

A sustainable collaborative business model (SCBM) extends “conventional” business models by adding a 

sustainable and collaborative aspect: multiple organizations collaboratively innovate their business models 

to achieve sustainable objectives. The “conventional” business model describes the way in which value is 

created and captured by defining the key resources, channels and partners that follow from a certain value 

proposition and customer segment. One of the goals is to describe the biggest costs and revenue streams to 

evaluate whether the business idea is sound in a monetary sense. However, the “conventional” business 

model is mostly developed from the sole perspective of one actor (firm centric) within a whole value chain 

and therefore aims to optimize this players’ position within the value chain. However, Ploutos aimed to 

create sustainable value and redistribute the costs and benefits fairly across the value chain actors, with one 

of its core principles to enhance the position of the farmers, it is essential that the value chain as a whole is 

evaluated and improved through collaboration. Moreover, “conventional” (collaborative) business models 

only consider monetary values in its design, while another core principle of the Ploutos project is to consider 

multiple value creation with a focus on sustainability. Hence the need for SCBMs. To facilitate the design and 

evaluation of SCBMs in the Ploutos SIPs, and similar cases outside the project, Ploutos focused on the 

methodology, the participative process, that is referred to as sustainable collaborative business model 

innovation. The SCBMs as envisioned in the Ploutos project requires all relevant stakeholders to participate 

in its creation. This not only allows the SCBM to consider everyone’s perspectives and motivations, but also 

ensures that multiple parties feel a sense of ownership of the business practice. Its success therefore 

becomes a shared effort, and it subsequently makes multiple parties responsible for making the success 

lasting as well. 

2.2.1.3 Data-driven technological innovation 

The benefits of data-driven technological innovations are already improving agricultural productivity and 

food-processing in a number of cases. However, several barriers still exist for the implementation in the agri-

food value chain: 

 Costs: the cost for establishing the necessary technological infrastructure cannot be covered by all 

farmers (especially small farmers) and/or cooperatives. 

 Interoperability: disruptive data-driven technological innovations in general tend to consist of 

platforms and proprietary systems that are mainly isolated and act as “vertical silos”. The lack of 

interoperability and openness of these silos impedes the creation of cross-domain, cross-platform 

and cross- organisational services. The status of agri-food sector is that, although vast volumes of 

data are generated, most of them are not currently exploited to any extent, and in many cases 

integration between systems would be essential for capturing the maximum potential value. 

However, the integration of heterogeneous IoT devices into platforms and the difficulties regarding 

the development of applications exploiting data from multiple platforms can increase the costs and 

overall user dissatisfaction. 

To address these barriers, Ploutos particularly focused on interoperability architectures that effectively 

integrate with the growing technological offerings for farm management, precision farming and integrated 

supply chain data management by leveraging the outcomes of already existing technologies (e.g., H2020 

projects, such as, SmartAgriHubs).  
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2.2.2 Measurement framework 

The measurement framework consists of a set of key performance indicators (KPIs) for social, environmental, 

and economic performance at a value chain level. It is developed from the most widely used frameworks for 

assessing the sustainability performance (e.g., the Sustainable Development Goals and the Global Reporting 

Initiative) with tailor-made adaptions to encompass the specificities of each use case. As such, the 

measurement framework helps both in understanding the problem, as well as in evaluating SOIs along the 

development and implementation phases. 

2.2.3 Boundary conditions  

The SIF prompts actors to consider boundary conditions. Contingency theory (Lawrence & Lorsch, 1967; 

Thompson, 1967) argues that no approach can be applied in all instances. In other words, there is no best 

SOI. The context which surrounds the SOI shapes its structure. This suggests that to optimise the SOI,  actors 

in the food value chain should shape and match the SOI with the context (Donaldson, 2001; Lawrence & 

Lorsch, 1967) as boundary conditions can both hinder and contribute to SOIs (Bergek et al., 2015; Markard 

& Truffer, 2008) or act as “windows of opportunity” for initiating SOIs (Geels, 2002; Geels & Schot, 2007). For 

instance, Hofmann et al. (2020) argues that complex regulation hampers the adoption of nanotechnology by 

farmers. Furthermore, the structure of the agrifood system – e.g., the number of actors, the presence of 

leaders and established norms of reciprocity – affect the likelihood of SOIs to succeed (Ostrom, 2009).  

Indeed, researchers have long articulated the need for integrating SOIs inside the context of the (agri-food) 

value chain (Cagliano et al., 2016; Flynn et al., 2010). 

Frequently cited boundary conditions include competitive pressure, regulatory demands, input prices 

(energy, labour, material, capital, etc.), economic growth, market trends, demographic changes and industry 

structures (Bergek et al., 2015; Geels, 2002; Markard & Truffer, 2008; Tornatzky & Fleischer, 1990; Zhu et al., 

2006). For instance, in the agri-food value chain structure, farmers interact with various actors such as food 

processors, traders, wholesalers, logistics firms and retailers when they link with markets (Cagliano et al., 

2016; Liverpool-Tasie et al., 2020). In this context, large and powerful actors such as multinationals interact 

with small-scale farmers. Moreover, various actors can provide different types of assistance for the SOI such 

as providing credit, inputs such as irrigation equipment and seeds, storage facilities and technology, 

transportation, labelling and market access (Liverpool-Tasie et al., 2020). Shaping the SOI around the 

opportunities and threats embedded in the value chain increases the probability of a successful SOI outcome. 

The PESTEL framework (e.g. Yüksel, 2012) provides an overview of relevant boundary conditions: 

 Political factors: e.g., government policy, fair trade policy, environmental policy, trade restrictions, 

funding, and grant opportunities, etc. 

 Economic factors: e.g., interest rates, economic growth/recession investment availability, etc. 

 Social factors: e.g., health threats, lifestyle attitude, health consciousness, population growth rate, 

age distribution, safety emphasis etc. 

 Technological factors: relevant current and future technology innovation such as Internet of Things, 

Artificial Intelligence, Blockchain, Robotics and Automation as well as copyrights and patents, GDPR 

regulations, need for training and education etc. 

 Environmental factors: e.g., environmental policies and priorities, pollution and greenhouse gasses 

emissions, resources availability, global warming, extreme weather conditions and drought risks etc. 

 Legal factors: e.g., regulatory frameworks, consumers rights and laws, safety standards, product 

labelling, product safety, advertising standards etc. 
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2.3 Purpose, target and development stages  

The main objective of the SIF is to guide agri-food actors to rebalance the agri-food value chain and enhance 

its sustainability (economic, environmental, and social) through behaviour change, collaborative business 

model innovation and data-driven technological innovations. Although farmer centric, the SIF targets actors 

along the entire agri-food value chain level as it aims to deliver value-chain wide sustainable performance. 

The SIF development moves from a theoretical and conceptual SIF based on current literature and current 

understandings (D1.1: State of the art and initial SIF report) towards a consolidated and validated SIF for 

application outside of the Ploutos project (this deliverable). As such, the SIF development followed two 

stages: 

 Initial SIF (deliverable D1.1: State of the art and initial SIF report – M6)  

The initial SIF is based upon a state-of-the-art literature review and integrates key aspects of existing 

framework into a comprehensive tool validated through a review process with experts. The initial 

SIF also includes guidelines to support the SIPs in the adoption of the framework. 

 Final consolidated SIF (current deliverable D1.10: Sustainable Innovation Framework Final Booklet 

– M36) 

The final consolidated SIF is built upon the initial SIF, but it integrates the results of the continuous 

co-creation process with the SIPs and provides a practice-oriented approach. The evidence coming 

from the application of the SIF and the work performed in the other WPs are the main resources to 

further improve and refine the initial SIF. The final SIF also includes a detailed set of guidelines to 

support the replication of different sustainable innovations also in other agri-food value chains 

thanks to the lessons learnt through the Ploutos Innovation Academy.  
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3 Development Methodology 
To develop the final SIF, we employed an Design Science approach, driven by the pursuit of envisioning "what 

can be" (van Aken et al., 2016, p. 2). To achieve this objective, we embrace the fundamental principles of the 

design science approach as outlined by Holmström et al. (2009). In line with Design Science, we followed a 

methodical abductive approach to develop the SIF, wherein we iterated between theory (the initial SIF as 

published in D1.1) and the adoption of the SIF by the SIPs, as such crafting a cohesive and holistic 

understanding. This abductive process was instrumental in garnering the requisite evidence and insights, 

which, in turn, facilitated the development of the SIF (Chandrasekaran et al., 2020).  

The development of the SIF followed two phases: the development the initial SIF based on theory and on an 

expert study (see also D1.1) and the refinement of the initial SIF based on lessons learnt from the SIPs. In the 

next sections, we describe both phases in more detail. 

3.1 Developing the initial SIF 

We initiated the development of the initial SIF with a literature review, exploring theories, tools, frameworks, 

and insights. We utilized the Scopus academic database, employing keywords such as "sustainable 

innovation," "sustainable agri-food," "innovation process," and terms related to key SIF elements, including 

"boundary conditions" (e.g., "contingency factors innovation," "value chain structure"), the Ploutos 

innovation streams (e.g., "business model innovation," "behaviour change process," "technology innovation 

process"), and the measurement framework (e.g., "sustainable performance," "sustainability indicators," 

"sustainability assessment," "social/economic/environmental KPIs") combined with context related 

keywords such as "agri-food," "farming," "food production," "food processing". We incorporated various 

keyword variations, including singular/plural forms, synonyms, and combinations. 

Our literature search yielded articles offering a broad overview of SOIs (Adams et al., 2016; Hallenga-Brink & 

Brezet, 2005). Additionally, we found articles focusing on specific SOI aspects, such as business model 

innovations (Evans et al., 2017; Geissdoerfer et al., 2016, 2017), identifying SOI opportunities (Bocken et al., 

2013), measuring sustainable performance in the agri-food sector (Tsolakis et al., 2018), and exploring 

boundary conditions (Liverpool-Tasie et al., 2020). 

Furthermore, we delved into grey literature, including EU deliverables on similar topics (Evans et al., 2014), 

and examined websites of prominent sustainability organizations (e.g., Global Reporting Initiative), 

sustainability in the food sector (e.g., FAO), and innovation institutes (e.g., the Hasso Plattner Institute), 

which provided additional insights.  

We collaborated with experts to evaluate the applicability of identified theories, tools, frameworks, and 

insights for the SIF development through a four-round expert study. Experts came from inside the agricultural 

sector (e.g., agri-tech providers, farmers, farmers’ associations, and agri-food advisory services), as well as 

from universities, research centres, and government organizations. While most of the experts were 

associated with the H2020 Ploutos project, we also included experts outside of the H2020 Ploutos project. 

For a more detailed description of the development of the initial SIF, we refer to the methodology in D1.1. 

3.2 Refining the initial SIF 

As illustrated in Figure 2, we systematically enhanced the initial SIF through an iterative cycle encompassing 

training, application, evaluation, and refinement. The authors conducted a series of eight training sessions 

pertaining to the innovation process for the pilot participants. The initial three sessions were primarily 

dedicated to instilling a foundational understanding of the initial SIF, while the subsequent five sessions 
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delved into more refined versions of the SIF. These refinements were informed by the practical application 

and ongoing evaluation of the innovation process within the SIPs. 

A noteworthy aspect of this iterative approach was the regular convening of joint evaluation sessions with 

experts. These evaluation sessions occurred approximately on a monthly basis, totalling 25 sessions spanning 

from January 2021 to July 2023. The primary focus of these sessions encompassed assessing the progress 

made by the SIPs, identifying challenges encountered, and scrutinizing any deviations from the initial SIF. The 

evaluations were conducted in a chronological sequence, with early sessions centring on the initial stages of 

the innovation process, gradually progressing towards the later stages. 

Each of these evaluation meetings had an approximate duration of one hour and was meticulously 

documented through recording and verbatim transcription. In addition to these monthly evaluations, we 

conducted two comprehensive evaluations with each SIP, involving the participation of multiple stakeholders 

from the respective pilot initiatives. The first round of in-depth evaluations occurred between April and 

September 2022, with a specific focus on addressing the challenges encountered by the SIPs. These 

evaluations lasted approximately 1.5 hours per SIP and were recorded, transcribed verbatim, and 

subsequently coded for analysis. The second round of in-depth evaluations was carried out between June 

and July 2023, with an overarching emphasis on assessing the overall progress of the SIPs. Each of these 

evaluations spanned approximately one hour per SIP and, similar to the prior round, underwent recording, 

verbatim transcription, and coding for thorough examination. 

 

 

Figure 2 – Process of refining the SIF 

 

3.3 Measurement framework 

The measurement framework supports the assessment of the main sustainability outcomes of the SIPs along 

five steps: 

Step 1. Building the measurement framework 

In this phase we analysed scientific and grey literature to analyse frameworks that propose different metrics 

to measure environmental, social, and economic performance of agri-food systems. Based on the SDGs,  SAFA 

-Sustainability Assessment of Food and Agriculture systems (FAO, 2014), GRI - Global Reporting Initiative 

(Global Reporting Initiative, 2020), SLCA - Social Lifecycle Analysis (Fontes, 2016) and literature on sustainable 

indicators for the agri-food sector such as Béné et al. (2019), Diazabakana et al. (2014), Lebacq et al. (2013), 

and Tsolakis et al. (2018), a total of 307 KPIs were identified. Among them, a total of 17 sub-themes and 43 

KPIs were short-listed as relevant for the specific contexts of the SIPs. We provided a thorough description 

of each KPI by means of a KPI ID (see Annex II). 
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Step 2. Selection of sustainability KPIs and data collection for the baseline assessment 

In this phase, SIPs were guided in the selection of a dashboard of indicators to be used to establish the 

baseline for the measurement of the SOI performance and to keep monitoring their progress in the three 

dimensions of sustainability. SIPs selected at least three KPIs for each sustainability domain to consider 

interlinkages and trade-offs between the KPIs. KPIs were either taken from the list of 44 KPIs in the initial 

measurement framework or directly proposed by the pilot on the condition that they are linked to key 

sustainability priorities as identified in common standards. Selection criteria for the KPIs were: 1) relevance 

to sustainability targets, 2) suitability to capture the performance of the SOI, 3) availability of data and 4) 

measurability of data. SIPs collected the relevant quantitative or qualitative data to measure the 

performance of the KPIs at the beginning of the piloting phase (i.e., M9).  

Step 3. Intermediate and final data collection 

After the data collection for the baseline assessment, we performed an intermediate assessment at the end 

of M30. The aim of this intermediate assessment was to make sure that the SIPs were collecting all the data 

needed to compute the set of selected KPIs. This allowed to prevent critical issues in the final data collection 

phase (performed at the end of M36). 

Step 4. Normalisation 

Since the KPIs identified are measured with different scales and/or units of measurement, we performed 

normalization to provide a homogeneous visualization and reporting of the data (e.g., a graph with a single 

scale based on normalized scores). A variety of transformation and/or normalization techniques are available 

(Talukder et al., 2017). Among them, we opted for the “distance to the target” normalization. In the distance 

to target normalization technique, the value of a KPI is confronted with the target value. 

Hence, we computed the normalized score for each KPI using the following formula: 

Normalized score (NS) = (Final value for the KPI – Baseline value of the KPI)/ (Target established for 

the KPI – Baseline value of the KPI).  

For the computation of the NS, an important element is represented by the target value. Target values were 

established considering the general goal of reaching a target improvement of 20% for each SOI developed 

within Ploutos. Some reasonable adjustments were made to this target to better reflect specific complexities 

in achieving this improvement, or in consideration of a different original metric of the indicator (e.g., a KPI 

measured in number of meetings does not fit with a 20% increase as only integer number are meaningful).  

Given the formula above, the scores allowed to evaluate the sustainability impact generated by the SIPs 

according to the logic reported in Table 1. 

Value of the Normalized Score (NS) Different performances 

NS<0 The KPI worsened from the baseline scenario 

NS=0 The KPI remained equal to the baseline scenario 

0<NS<1 The KPI improved from the baseline scenario, but it did not reach 

the target value 

NS=1 The KPI improved from the baseline scenario reaching the target 

value 

NS>1 The KPI improved from the baseline scenario, reaching an even 

more desirable value compared to the target 

Table 1 – Values of the normalised scores 
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Step 5. Data visualization and final critical analysis 

Finally, normalized scores are plotted on spider chart in which each vertex represent one specific KPI and the 

different performances reported in Table 1 are color-coded. The adoption of the normalized scoring system 

allowed to perform cross-SIPs comparisons.  
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4 Final SIF – Description and guidelines for 
replication 

Based on the lessons learnt from the SIPs, we refined the initial SIF. Figure 3 illustrates the final SIF. The light 

green boxes in the bottom represent the main steps of the SIF. The SIF starts with the “forming” phase. 

Although this phase happened prior to the Ploutos project, the forming phase impacted the innovations 

made during Ploutos, as such playing an important role in the SIF. The next phase, the “baseline assessment”, 

refers to the measurement framework and sets the baseline of the SIF and provides the objectives to be 

achieved by the innovations in the “innovate” phase. The innovate phase forms the core of the Ploutos 

project and follows an iterative “understand-define-ideate-prototype-evaluate” sequence for each Ploutos 

innovation stream. Next, the “final evaluation” uses the measurement framework to evaluate the efficacy of 

the innovations. The final phase, the “maturation” phase, will happen after the Ploutos project: here the 

innovations are fine-tuned and scaled-up. The boundary conditions affect the entire process by providing 

“windows of opportunity” in the forming phase, affecting the solutions developed in the innovation phase, 

and demanding changes in the maturation phase to guarantee a continued fit between the SOI and the 

boundary conditions. Below, we describe the steps in more detail while providing guidelines for replication. 

 
Figure 3 – Final SIF 

0. Forming. The SOI process in the agrifood sector typically arises from a combination of supply push (e.g., 

policies), market pull (e.g., social movements and worried citizens) and technology push (e.g., introduction 

of more sustainable agrifood technologies) (de Boon et al., 2022; Klerkx & Begemann, 2020; Vercher et al., 

2022), also called “windows of opportunity” triggered by changes in boundary conditions (Geels, 2002). SOIs 

in the agrifood sector start when the initial trigger brings together multiple actors which shape an initial 

mission. These actors often include (local) governments, agritech firms, social enterprises and farmer 

representatives such as cooperatives (Klerkx & Begemann, 2020; Weber et al., 2020). The Food Valley Open 

Innovation System in The Netherlands provides a good example: 15.000 scientists, 20 research institutes, 

1440 food related firms and 70 science related firms collaborate with farmers to develop SOIs. The mission  

for SOIs in the agrifood arise from efforts such as horizon scanning and scenario building exercises (de Boon 

et al., 2022; Klerkx & Begemann, 2020). Based on these efforts, the mission is based on an initial 

understanding of the sustainable collaborative business model innovation, the data-driven technological 

innovation, and the needed behavioural innovations.  
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Replication guideline I: When replicating the innovation process, it is imperative to underscore the 

pivotal role played by the mission articulated by the pilots during the formation phase. Agreements 

forged among consortium partners and with the funding entities can generate a degree of path 

dependency which limits the incorporation of new partners and cultivating entirely novel business 

models and technologies, as such reducing the innovation capacity of the consortium. Hence, ideally, a 

high degree of flexibility should be maintained during the formation phase as the understanding of the 

most effective innovation develops throughout the project. 

1. Baseline assessment. To guide the innovation, the involved partners perform a baseline assessment. This 

highlights the points for improvement and sets targets for the innovation. 

Replication guideline II: To select KPIs for the baseline assessment, the following selection criteria are 

important: i) relevance to the defined mission in the forming phase, ii) suitability to capture the 

performance of the SOI, iii) the availability of data, and iv) the measurability of the causality between 

the improved KPI and the SOI. The fourth point may be particularly difficult, as agricultural KPIs such as 

water consumption and pesticide consumption are affected by external factors such as weather 

conditions and the severity of plagues. In addition, it is important to set ambitious targets based on the 

baseline. Indeed, improving a mediocre situation by a given percentage is easier than improving an 

already excellent situation by the same percentage. 

2a. Collaborative business model innovation. When the business model has some severe uncertainties 

which do not justify allocating resources to technological innovation, the first innovation step should focus 

on developing viable, desirable, and feasible business models for all actors. Note, the outcomes of this step 

are typically not the final business models, as details regarding the business case (the value capture system) 

may depend on the technological innovation and the behavioural innovation. Instead, the collaborative 

business model innovation focuses on the main business model logic: the involved actors, the value creation 

and value delivery activities and the value capture system. 

Replication guideline III: The business model innovation follows a Design Thinking approach. Various 

tools can be leveraged such as the value proposition statement, the DAMIAN, and the customer journey 

(understand phase), the business model radar, the benefits realization mapping, and the collaborative 

business model archetypes (ideation phase and prototyping phase) and the business model evaluation 

and reflection (the evaluation phase). For a detailed overview of the tools, we refer to D3.11 Final 

Ploutos SCBMIs and data/service valorization for pilots. 

2b. Data-driven technological innovation. Once a promising business model has been ideated, resources can 

be allocated to the technological innovation. In the agrifood industry, main aspects of the technological 

innovation include the data sharing principles (ensuring that data cannot be used against the farmers), 

interoperability (to connect different smart farming devices, databases, and information systems), and 

combining smart-farming technologies with other technologies such as traceability technology and carbon 

credit platforms to valorise the smart-farming technologies by adding additional revenue streams. 

Replication guideline IV: The Ploutos semantic model and the Ploutos traceability solution offer useful 

ingredients for SOIs in the agrifood industry. D4.10 Ploutos consolidated data-driven innovation 

provides more details about data-driven technological innovations. 
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2c. Behavioural innovation. The evaluation of the developed collaborative business model, as well as the 

developed technological innovation, can trigger behavioural innovations to ensure their implementation. 

Behavioural innovations can cover several domains such as “trust” and “empowered use of technology” 

(both linked to technological adoption), and “collaborative networks” and “cultures across borders” (both 

linked to collaborative business model innovation). A more detailed explanation of each of the domains is 

provided in D2.4 Behavioural innovation for Sustainable Oriented Innovations - final version. 

Replication guideline V: Although the behavioural interventions come after the collaborative business 

model innovation and the data-driven technological innovation, having an understanding of potential 

behavioural issues at the beginning of the project, i.e., prior to developing the collaborative business 

model and the technological innovation, can support these innovations by “doing it right the first time”. 

For instance, understanding the dynamics behind user friendly user interfaces helps to develop user 

friendly interfaces from the start, potentially avoiding resistance during the innovation process. D2.5 

Ploutos Sustainable Behavioural Innovation Toolbox is an interactive electronic document designed to 

support sustainable behavioural innovation. 

2⅏. Iterative collaborative business model innovation, technological innovation and behavioural 

innovation. The adoption of the technological innovation and the acceptance of the innovations as a result 

of the behavioural innovations provide final insights needed to calculate the business cases of the involved 

actors (e.g., what are the costs of the technology/collaborative business model and what are the achieved 

benefits of the technology/collaborative business model). These insights may result in the need to adjust the 

activities in the business models, as well as the cost and revenue structure. Farmer-centricity, i.e., ensuring 

sufficient economic benefits for farmers, is the starting point of reconfiguring the collaborative business 

model and the business cases of each of the actors. At the same time, adjustments to the technological 

innovation may be needed as part of the behavioural innovations or to satisfy the reconfigured collaborative 

business model. In addition, changes in the collaborative business models and the technological innovations 

may trigger a new round of behavioural innovations. The iterative innovation cycles are focused on 

incremental innovations to improve (the adoption of) the already developed collaborative business models 

and technological innovations. Due to the incremental nature, the three different innovation streams can 

follow each other rapidly. 

3. Final evaluation. Upon completing the innovations, the final evaluation provides insights on whether the 

objectives are achieved. If objectives are not achieved, reflections should provide insights on whether this is 

due to i) short falling innovations (which would trigger a re-iteration to the innovation stage), ii) too ambitious 

goals or, iii) changed boundary conditions which renders the innovation to be insufficiently adequate.  

Replication guideline VI: The measurement framework presented in paragraph 3.3 provides guidance 

on how to perform the final evaluation. 

4. Maturation. After the final evaluation, it is time for the maturation stage. During this stage, it is important 

to be aware of changing boundary conditions which may trigger re-iterations of technological, collaborative 

business model, and behavioural innovations. 
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5 Final SIF – Application 
The following sections describe the sustainable innovation journey of the eleven Ploutos SIPs. 

5.1 SIP1  

 
Figure 4  – Application of the SIF to SIP1 

0. Forming. Horizon scanning activities, based on understanding technological, business model and 

behavioural trends, show that, the deployment of a suit of smart-farming technologies to collect agro-

environmental data at the farm level allows the real-time evaluation of agronomic practices and to enhance 

decision making. Sharing this data with certification bodies and with supply chain members can lead to 

premium prices. To explore this opportunity, a consortium of actors covering the technological background 

(NEUROPUBIC), collaborative business models (TNO), behavioural innovations (Teagasc), the food processor 

(Alterra), agronomists (Novaplan) and the users of the solution (farmers and the farmers’ association 

Proodos) is formed and a mission is defined (obtaining price premiums for sustainably produced peaches). 

Thanks to the funding through the Horizon2020 project, the project can move to the next stage. The 

technology provider, NEUROPUBLIC is appointed as the orchestrator of the innovation. 

1. Baseline assessment. To guide the innovation process, a baseline assessment is performed based on 

selecting KPIs which are relevant for the mission. The involved actors agree on the following KPIs to be 

improved: pesticides use, water consumption, fertilisation efficiency (environmental domain), production 

costs, markets accessed due to the certification, perceived food quality (economic domain), sustainability 

certifications and labels, suppliers screened using social criteria, and meetings with stakeholders (social 

domain). 

2a. Technological innovation. As the business model logic (e.g., who are the key partners and how value is 

created and captured) is clear from the forming phase, NEUROPUBLIC starts the technological innovation by 

understanding the different technological options available and relating them to the situation of the SIP 

partners (e.g., which technologies do they already use and which data do they already have), as well as the 

mission of the SIP. During this understand phase, it became evident that standardized data formats and 

standardized APIs are key to share the data from the different systems (e.g., gaiasense and the Alterra 

system). Moreover, data from the smart farming devices should be complemented with additional evidence 

(e.g., the fertilization actions registered in the farmer’s calendar along with the invoiced) to provide sufficient 

prove for certification purposes. Leveraging on the inputs from the understand phase, the technological 
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solution was ideated, prototyped, evaluated and fine-tuned based on an increased understanding from the 

evaluation phase. 

2b. Collaborative business model innovation. To fine-tune the technological innovation, the SIP needs to 

decide upon which certification and sustainability related labels they would like to obtain. After 

understanding the different options (e.g., the GGFSA and the “Macedonian the Great” label of the Central 

Macedonian region), the most promising certifications and labels are selected. 

2c. Technological innovation. Based on the data requirements of the different certifications and labels, the 

technological solution is fine-tuned by developing the appropriate APIs.  

2d. Collaborative business model innovation. Once the technological innovation is finished, more detailed 

business cases can be developed by defining the percentage of additional revenue going to Alterra and to 

the farmers (and to which farmer exactly).  

2e. Behavioural model innovation. The evaluation of both the business model and the technological 

innovation provides an understanding of needed behavioural innovations. After developing a deep 

understanding of the behavioural needs through workshops and interviews, four behavioural innovations are 

ideated and prototyped, namely i) a communication package to increase the farmers’ willingness to share 

data, ii) co-design workshops to increase the farmers’ willingness to use the technological solution, iii) peer-

to-peer support groups to increase farmer engagement and iv) training sessions to ensure that farmers take 

the ownership of filling in the farmer’s calendar. The evaluation of the behavioural innovations shows that 

the collaborative business model and the technologies are embraced by the actors, and are, hence, ready for 

implementation. 

3. Final evaluation.  

 

Figure 5 – Sustainability assessment of SIP1 

SIP1 improved in all the environmental KPIs. For pesticides use and water consumption the improvement 

exceeded the target value, whereas for fertilisation efficiency the improvement is below the target threshold. 
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The improvement in water consumption compared to baseline is particularly significant and might be 

explained considering several rainfalls in June 2023 that allowed to save an extra amount of water for 

irrigation. The pilot showcased improvement also in the economic performance dimensions. Production 

costs improved significantly. This is particularly relevant considering the general increase in fertilizer costs 

experienced due to unfavourable energy prices. Moreover, a new retailer entered in the clients-base of 

Alterra (i.e., the food processing company) because of the certified adoption of sustainable farming practices. 

Finally, perceived food quality remained equal to the baseline value, as probably the time needed for 

customers to perceive the quality improvement is longer compared to the horizon of the project. For what 

concerns the social dimension, the producer within SIP1 obtained 2 certifications (i.e., GLOBALG.A.P. and 

GLOBALG.A.P. FSA), more farmers are screened according to sustainability criteria (3 out of 7) and the project 

enables the organization of two meetings with the relevant stakeholders to share the main achievements.  

4. Maturation. Now the solution is implemented, it is time for the maturation stage. During this stage, it is 

important to be aware of changing boundary conditions which may trigger technological, collaborative 

business model, and behavioural innovations. 

 

5.2 SIP2 

 
Figure 6 – Application of the SIF to SIP2 

0. Forming. The formation stage is triggered by a problem in the durum wheat supply chain: adverse 

situations during the crop seasons such as weather conditions, decrease the yield (quantity) and quality of 

the durum wheat, lowering production and farmers income from the selling of their product. As a result, the 

internal demand cannot be covered with supply from the internal market. To solve this problem, a large food 

processor (Barilla SpA), the farmers, represented by the producer’s organisation (Con.Cer.), a University 

(UCSC- CETIF), and a technology provider (Horta srl) form a consortium together with experts in collaborative 

business model innovation (TNO) and behavioural innovation (Teagasc). The mission is to provide more 

financial security to farmers while increasing the sustainability of their crops. The technology provider 

orchestrates the consortium. An initial exploration, to gain a better understanding of potential solutions, 

shows that parametric insurance coupled with decision support systems and smart-farming devices may 

provide a promising avenue. 

1. Baseline assessment. To guide the innovation process, a baseline assessment is performed based on 

selecting KPIs which are relevant for the mission. The involved actors agree on the following KPIs to be 
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improved: nitrogen use, pesticides use, water consumption, greenhouse gas emission (environmental 

domain), percentage of farmers losing revenue, quantity of high-quality products produced, gross profit 

(economic domain), meetings with stakeholders, training hours and working conditions (social domain).  

2a. Collaborative business model innovation. Parametric insurance is a relatively new insurance method 

without a clear business model in terms of general value creation and value capture mechanisms. Following 

the sustainable collaborative business model innovation approach, stakeholders are identified, the activity 

system and the cost and revenue streams of each of the stakeholders is defined. Based on the developed 

business logic, the next step is to commit resources and manpower towards the development, deployment 

and roll-out of the technological solution in practice. 

2b. Technological innovation. Once a clear and promising business model logic has been developed for all 

actors, resources can be allocated to the technological development of the solution. In the understand phase, 

different technological options with regards to DSSs and the parametric insurance are studied, together with 

an insurance company. Based on this, the technology provider Horta improves the existing DSS 

granoduro.net® and SIP partners ideate and prototype the parametric insurance linked with the DSS to 

enable farmers to adopt sustainable farming practices while ensuring a stable financial return. During the 

technological innovation process, the business model design and its technological requirements are kept in 

mind. The evaluation of the technology with the farmers shows i) a need to create trust for farmers in the 

parametric insurance and ii) to convince farmers to adopt the advice of the DSS, as such triggering the 

behavioural innovation. 

2c. Behavioural innovation. The evaluation of the technology with the farmers shows a need to increase the 

farmers’ trust in the parametric insurance and to convince farmers to adopt the advice of the DSS. 

Understanding the reason behind the sceptical attitude of the farmers resulted in the following ideas which 

are prototyped and evaluated: i) having ambassador farmers to become a spokesperson and to provide 

information to other farmers about the insights provided by the DSS and ii) release a communication package 

(about the pros and cons, responsibilities, etc.) of the adopting the parametric insurance. 
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3. Final evaluation.  

 

Figure 7 – Sustainability assessment of SIP2 

SIP2 improved in all the environmental KPIs. For pesticides use, water consumption, GHG emissions and 

nitrogen use the improvement exceeded the target value. Reduction in pesticides use (nitrogen and active 

ingredients) is the most significant improvement, just partially influenced by a drought in spring 2022, 

decreasing the pressure of diseases, and by heavy rainfalls which prevent farmers from entering in the field 

for spraying. Economic indicators all achieved an improvement just equal to the target value (for the KPI that 

measure % of farmers with revenue losses) or very close (for the KPIs “gross profit” and “quantity of high 

product produced”). Finally, in the social sphere, SIP2 met the target of numbers of meetings with 

stakeholders to present the SOI. Moreover, they performed trainings on the use of their technology, close to 

the target value. Finally working condition index has increased compared to the baseline value, despite not 

reaching the target. SIP 2 technological solutions can indeed improve working conditions, but this impact can 

be considered indirect as working conditions include aspects connected to fatigue, quality of the working 

environment, which are more likely to be impacted directly by hardware-based solution.  

4. Maturation. Now the solution is implemented, it is time for the maturation stage. During this stage, it is 

important to be aware of changing boundary conditions which may trigger technological, collaborative 

business model, and behavioural innovations. 
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5.3 SIP3 

 
Figure 8 – Application of the SIF to SIP3 

0. Forming. The formation stage is triggered by a successful business model of CQLP which could be improved 

through technological innovation and could be scaled to other countries. Originally, CQLP used a basic survey 

tool to find out consumer preferences. A realization that a better survey tool, with more information, more 

interaction, more transparency, and more user friendliness could boost the current business model. To 

achieve this mission, a consortium is formed with a technology provider (NeuroPublic), retailers, supply chain 

actors of different products such as feta and farmers, as well as experts in business model innovation (TNO) 

and behavioural innovation. CQLP, as the main actor, orchestrates the innovation process.  

1. Baseline assessment. To guide the innovation process, a baseline assessment is performed based on 

selecting KPIs which are relevant for the mission. The involved actors agree on the following KPIs to be 

improved: pesticides use, water consumption, fertilisation efficiency (environmental domain), number of 

stores selling the products, number of sold products, farmers income per unit product, perceived food quality 

in relation to competitors (economic domain), number of new products co-designed, farmers engaged based 

on social criteria, number of countries the lesson is transferred to (social domain). 

2a. Technological innovation. As the business model logic (e.g., who are the key partners and how value is 

created and captured) is clear from the forming phase, NeuroPublic and CQLP go through an iterative 

“understand-define-ideate-prototype-evaluate” process to develop a user-friendly survey technology based 

on data from the Gaiasense smart-farming services. The evaluation of the technology, together with the 

evaluation of the current business model, shows the need for supply chain partners to work more closely 

together, as such triggering a behavioural innovation. 

2a. Collaborative business model innovation. Based on the technology, the evaluation of the business model 

shows that there are no changes in the collaborative business models needed as the main logic remains the 

same (remunerating farmers for sustainable practices) and the business case is decided by the customers 

through the survey (e.g., the price paid to the different actors). However, the evaluation shows the need to 

empower the consumers to influence sustainable production and to engage consumers in the long-term. This 

triggers a behavioural innovation.  

2c. Behavioural innovation. The evaluation of the technological innovation and the collaborative business 

model innovation highlighted three behavioural challenges which are solved through understanding, 

ideating, prototyping, and evaluating behavioural innovations. First, to deal with the need for value chain 
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actors to work more closely together, communities of practice are developed as well as peer-to-peer support 

groups. Second, to empower the customers to influence sustainable production, the culture compass is 

employed to support international scaling. Third, to engage customers in the long-term, the behavioural 

innovation requires technological innovation to develop app features such as the possibility to report on 

product availability in stores. 

2d. Technological innovation. Based on the understanding generated during the behavioural innovation 

process, new app features are developed to engage customers in the long-term. 

3. Final evaluation.  

 

Figure 9 – Sustainability assessment of SIP3 

SIP3 improved in all the environmental KPIs. For the two products selected (i.e., beans and potatoes), both 

pesticides use and water consumption decreased compared to the baseline. For the economic dimension, 

the SIP reached the fixed target of 2 million of products sold and almost reached the target of 13000 stores 

selling CQLP products. Social sustainability also improved. Co-design with customers is the essence of CQLP 

and the target set on new products to be co-designed was reached, with 10 new products (e.g., cream, feta, 

honey). The same holds true for number of farmers engaged to become part of CQLP community, which 

overcame the target set. Finally, 3 countries (i.e., Italy, Germany and the Netherlands) developed a local 

version of CQLP and will continue with the implementation.  

4. Maturation. Now the solution is implemented, it is time for the maturation stage. During this stage, it is 

important to be aware of changing boundary conditions which may trigger technological, collaborative 

business model, and behavioural innovations. 
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5.4 SIP4 

 
Figure 10 – Application of the SIF to SIP4 

0. Forming. Horizon scanning activities, based on understanding technological, business model and 

behavioural trends, show that, collecting pre-harvest data from a suit of smart-farming technologies and 

adding data about farm characteristics, collecting post-harvest data such as product quality, and sharing this 

data among farmers, allows farmers to benchmark between each other and to identify and adopt sustainable 

farming practices. Moreover, based on the data, the sustainable farming practices can be certified, which 

leads to premium prices. To explore this opportunity, a consortium of actors covering the technological 

background (Hispatec), collaborative business models (TNO), behavioural innovations (Teagasc), the food 

processor (Unica), and the users of the solution (farmers) is formed, and a mission is defined (obtaining price 

premiums for certified sustainably produced produce and improving sustainable farming practices through 

benchmarking. Thanks to the funding through the Horizon2020 project, the project can move to the next 

stage. The technology provider, Hispatec, acts as the orchestrator of the innovation process. 

1. Baseline assessment. To guide the innovation process, a baseline assessment is performed based on 

selecting KPIs which are relevant for the mission. The involved actors agree on the following KPIs to be 

improved: water consumption, energy intensity, pesticides use, waste (environmental domain), land 

productivity, labour productivity, intrinsic product quality (economic domain), technology acceptance, 

working time, local workers (social domain).  

2a. Technological innovation. As the business model logic (e.g., who are the key partners and how value is 

created and captured) is clear from the forming phase, Hispatec starts the technological innovation by 

understanding the different technological options based on understanding about which data is needed, 

which data is already available, and which technologies can be employed to gather the data. During the 

understand phase, it becomes clear that, although ideally data is collected per row of plants in the 

greenhouse, a more effective solution gathers data on a greenhouse level. For data which cannot be captured 

automatically (such as greenhouse size and energy use of certain devices), the most realistic solution is to 

interview the farmers to provide this data. The post-harvest data is already recorded in the ERP systems. In 

accordance with the insights garnered during the understand phase, the technological solution undergoes a 

comprehensive process encompassing ideation, prototyping, evaluation, and refinement, guided by an 

enhanced comprehension acquired during the evaluation phase. 
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2b. Behavioural innovation. Based on the evaluation of the prototype of the technological solution, it 

becomes evident that farmers are inaccurate in providing the required data. A behavioural innovation 

process, based on a technology acceptance survey to assess drivers and barriers for the adoption of the 

technology resulted in inputs for improving the user interface of the technology, as well as improving the 

guidance given by agronomists to farmers. In addition, a greater adoption of the technology, i.e., farmers 

acting based on the data, is achieved thanks to ambassador farmers who become spokespersons and an 

information source for other farmers. 

2c. Technological innovation. Based on the understanding generated from the behavioural innovation 

process, the user-interface is made more user-friendly. 

2d. Collaborative business model innovation. Leveraging on the better understanding of the benefits offered 

by the technology, the SIP can fine-tune the business model by selecting and on boarding hardware 

companies and fine-tune the commercialization: i.e., how are the benefits distributed between the farmers 

(with different income levels and farm sizes), the food processor and the technology provider. 

3. Final evaluation. 

 

Figure 11 – Sustainability assessment of SIP4 

SIP 4 performed well in all environmental KPIs, exceeding target values both for pesticides and for energy 

intensity. Notably, pesticides use improved considerably compared to baseline value thanks to the use of 

humidity sensors, irrigation and fertigation. Water consumption and waste decreased compared to the 

baseline value, but without reaching the target thresholds. Focusing on the economic dimension, land and 

labour productivity improved compared to baseline values, whereas intrinsic product quality did only 

improve marginally. Parameters connected to intrinsic product quality (as size, colour, weight, etc.) were 

influenced by the spread of diseases thus leading to overall satisfactory results despite the KPI did not reach 

the target value.  
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Finally, for what concerns social sustainability, working time was not really impacted by the innovation, with 

a variation compared to the baseline value that is below the target improvement of 20%. Finally, technology 

acceptance improved sensibly compared to the baseline, thus underlining that user are aware and willing to 

foster the technology uptake. 

4. Maturation. Now the solution is implemented, it is time for the maturation stage. During this stage, it is 

important to be aware of changing boundary conditions which may trigger technological, collaborative 

business model, and behavioural innovations. 

 

5.5 SIP5 

 
Figure 12 – Application of the SIF to SIP5 

0. Forming. Horizon scanning activities, based on understanding technological, business model and 

behavioural trends, suggest that rural farmers can improve their position in the wider agrifood community 

through adopting smart-farming technologies, linked with new food products and agri-tourism services. To 

explore this opportunity, a consortium of actors covering the technological background (NetFeasa), 

collaborative business models (TNO), behavioural innovations (Teagasc), the farmers’ association (IFA) and 

the farmers is formed, and a mission is defined. Thanks to the funding through the Horizon2020 project, the 

project can move to the next stage. The technology provider, DingleHub, acts as the orchestrator of the 

innovation process. 

1. Baseline assessment. To guide the innovation process, a baseline assessment is performed based on 

selecting KPIs which are relevant for the mission. The involved actors agree on the following KPIs to be 

improved: grazing season length, ammonia emissions, nutrient use efficiency (environmental domain), 

average net margin per cow, labour productivity and new agri-tourism businesses (economic domain), 

attendance at workshops, attendance at information events, working time (social domain). 

2a. Behavioural innovation. Although the business model and the technological innovation is relatively clear 

in the forming phase, some major behavioural obstacles need to be overcome to implement the 

technological innovation and the new business model. First and foremost, the understand phase show the 

need for a sense of belonging for the farmers, to affirm their identity to better position them in the local 

ecosystem as frontrunners. The ideated solution, a community of practice, help to create the sense of 

belonging. Furthermore, the understand phase show that, to work with tourists, farmers have to improve 
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their soft skills through training sessions. Moreover, ambassador farmers prove useful to onboard all the 

farmers through social influence and provide evidence that the efforts will pay off. Finally, the understand 

phase triggers technological innovation to improve the user interfaces of the technology and the dashboards. 

2b. Technological innovation. Based on the understanding generated from the behavioural innovation 

process, the user-interface is made more user-friendly. In addition, while evaluating the technology, some 

technological limitations become better understood such as the capability of moisture sensors to deal with 

the very wet Irish weather conditions. Based on these insights, other sensors are selected. 

2c. Collaborative business model innovation. Based on the willingness of farmers to adopt the technology 

and the business model, and thanks to the behavioural innovations, various business model alternatives can 

be explored. During the understand phase, a wide variety of potential business models which combine the 

agrifood sector with the tourist sector are explored and their application is ideated (e.g., sustainably 

produced milk, local overnight experience, sustainable and comfortable tourism, and data-driven sustainable 

farming). Based on evaluating the business models, the most suitable business model is selected and further 

developed by adding a business case. 

3. Final evaluation.  

 

Figure 13 –Sustainability assessment of SIP5 

SIP 5 improved in all the environmental KPIs by increasing the length of the grazing season and with a slight 

improvement in nutrient use efficiency, despite not reaching the target. The benefits for the environment 

connected to a decrease in the length of the grazing season are connected with ammonia emissions, as 

emissions from cattle are much less when they are grazing compared to when they are housed. The 

improvements in the economic dimension are positive for what concerns the development of new 

agritourism businesses (4 new businesses and income streams were indeed developed). Instead “grass dry 

matter production” worsened compared to baseline. In terms of social sustainability SIP5 performed good in 
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attendance at workshops with key stakeholders and at informative events. Nevertheless, working time 

worsened compared to the baseline. 

4. Maturation. Now the solution is implemented, it is time for the maturation stage. During this stage, it is 

important to be aware of changing boundary conditions which may trigger technological, collaborative 

business model, and behavioural innovations. 

 

5.6 SIP6 

 
Figure 14 – Application of the SIF to SIP6 

0. Forming. The formation stage is triggered by the realization that optimized fertilization and pesticides 

applications through using variable rate technologies can improve both economic and sustainable 

performance. To explore this opportunity, a consortium is formed with technology providers (Termodron 

and ITC, an agri-advisory service (KGZS) and farmers as well as experts on collaborative business models 

(TNO) and behavioural innovation (Teagasc). ITC is appointed as the orchestrator of the innovation.  

1. Baseline assessment. To guide the innovation process, a baseline assessment is performed based on 

selecting KPIs which are relevant for the mission. The involved actors agree on the following KPIs to be 

improved: fertilisers use, soil improvement and land conservation practices, pesticides use (environmental 

domain), production costs for fertilisation, production costs for spraying, revenue per hectare (economic 

domain), technology acceptance, training and demonstration hours, meetings with stakeholders (social 

domain).  

2a. Technological innovation. During the understand phase, it becomes clear that the current state of the 

soil of the fields needs to be monitored and captured in so-called soil passports. The soil passports outline 

the soil quality and the fertilization and pesticide application plan help to optimize the agronomic practices. 

Moreover, it is understood that farmers use different machinery (e.g., tractors, drone imagery) and the 

solution may benefit from satellite imagery and soil analysis results. Based on this, a “data translator” is 

ideated to link the different data sets to a single platform. Through prototyping and evaluation iterations, 

the technological solution is improved. The evaluation of the technology, however, shows some behavioural 

challenges to be solved. 
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2a. Behavioural innovation. The evaluation of the technological solution shows the need to engage farmers 

and to provide additional advice on how to use the technology. As such, peer-to-peer group is established 

which promotes the high-tech farmer and an advisory support group is created to assist the farmers. 

2c. Collaborative business model innovation. Based on the more precise insights into the costs and benefits 

of the developed technology, which could only be obtained through prototyping and evaluating the 

technology, the collaborative business model is fine-tuned by adding a detailed business case for each of the 

actors. 

3. Final evaluation.  

 

Figure 15  – Sustainability assessment of SIP6 

SIP6 improved in all the environmental KPIs. For pesticides use, soil improvement and land conservation 

practices (more than 2 on average per parcel, provided that some farms implemented 10-14 practices while 

others did not implement any practice), the SIP exceeded the target set. For fertiliser used instead the KPI 

improved without fully reaching the target. The economic sustainability measured in terms of revenue per 

hectare has increased beyond the target threshold. Market price increase of wheat played a role. Fertilization 

and spaying costs decreased in value compared to the baseline but not reaching or exceeding the target. 

Nevertheless, the outcomes of these two KPIs incorporate the effect of high fluctuation of fertilizers and fuel 

prices. Finally, addressing social sustainability, SIP6 managed to organize four meetings with relevant 

stakeholders, thus organizing more than one event per year, they devote to training a consistent number of 

hours (i.e., a total of 53 hours and thus on average 7 hours per fam), thus leading them close to the target. 

Finally, SIP6 is measured against an indicator of technology acceptance from users. Baseline assessment 

estimated the expectation of users, and the final assessment revealed that expectations are exceeded. The 

feedback collected from users revealed a level of propensity in the adoption of data driven technologies 

beyond the target value. 
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4. Maturation. Now the solution is implemented, it is time for the maturation stage. During this stage, it is 

important to be aware of changing boundary conditions which may trigger technological, collaborative 

business model, and behavioural innovations. 

 

5.7 SIP7 

 
Figure 16 – Application of the SIF to SIP7 

0. Forming. Horizon scanning activities, based on understanding technological, business model and 

behavioural trends, showed that, deploying a suit of smart-farming technologies to collect agro-

environmental data at the field and farm level allows the real-time evaluation and improvement of 

agronomic practices. Sharing this data with customers through a digital label can help to valorise the 

sustainable farming practices. To further develop the idea, a consortium of actors covering the technological 

background (NEUROPUBLIC), collaborative business models (TNO), behavioural innovations (Teagasc), wine 

production (OenouYi winery with its agronomists) , agricultural research (ARI with its researchers-

agronomists), and exports and consultancy (Filagro Group) is formed and a mission is defined (obtaining price 

premiums for locally and sustainably produced wine through a combination of smart-farming technology and 

digital labels). Thanks to the funding through the Horizon2020 project, the project can move to the next 

stage. OenouYi (and a cluster of wineries after Ploutos) is appointed as the orchestrator of the innovation. 

1. Baseline assessment. To guide the innovation process, a baseline assessment is performed based on 

selecting KPIs which are relevant for the mission. The involved actors agree on the following KPIs to be 

improved: pesticides use, soil improvement and land conservation practices, fertilisation efficiency 

(environmental domain), production costs, perceived food quality, share of shelf (economic domain), 

sustainability certifications and labels, meetings with stakeholders, working time (social domain). 

2a. Technological innovation. As the business model logic (e.g., who are the key partners and how value is 

created and captured) is clear from the forming phase, NEUROPUBLIC, in collaboration with OenouYi and 

ARI, starts the technological innovation by understanding the different technological options available and 

relating them to the situation of the SIP partners (e.g., which technologies do they already use and which 

data do they already have) as well as the mission of the SIP. During this understand phase, it becomes evident 

that standardized data formats and standardized APIs are key to share the data from the different systems 

(e.g., Gaiasense and the system of the OenouYi winery) and to create the digital labels. Based on the inputs 
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from the understand phase, the technological solution is ideated, prototyped, evaluated and fine-tuned 

based on an increased understanding from the evaluation phase. 

2b. Business model innovation. During the evaluation of the technology, several challenges surface. To 

ensure access to the smart-farming technologies to all farmers, and not just the OenouYi winery, the business 

model innovation process leads to a more cooperative business model based on a mix of cooperative 

purchasing and cooperative branding solutions. Furthermore, during the evaluation of the business model, 

it becomes apparent that there is the need to better understand consumer preferences with regards to digital 

labelling, as such triggering a behavioural innovation. 

2c. Behavioural innovation. To develop a desirable digital label for the wines, a survey is launched to better 

understand consumer needs and preferences. The outcomes trigger technological innovation: i.e., the 

improvement of the digital label and will provide useful insights to all actors involved in the wine value chain. 

In addition, the understand phase of the behavioural innovation process shows the need to build trust of 

farmers in the new working processes. To achieve this, education and training sessions are ideated, 

prototyped, and evaluated. 

2d. Technological innovation. Based on the understanding generated from the behavioural innovation 

process, the digital label is improved. 

3. Final evaluation.  

 

Figure 17 – Sustainability assessment of SIP7 

SIP7 improved in all the environmental KPIs, with the largest improvements in pesticides use (considering 

two types of solid and liquid pesticides) and soil improvement and land conservation practices (for which SIP 

7 reached the target value of 4). Most of the economic performance improved compared to the baseline. 

Perceived food quality has been measured for two variants of wine, and in both cases, we could detect an 

increase in the customer perception on quality. For both the variants, Xinisteri-Malaga and Maratheftiko, the 

improvement exceeded the target. Considering a set of contextual factors, as the increase in energy and 
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fertilizer price but also the rising inflation, production costs have been reduced quite significantly by SIP7, 

even if slightly below the target. Hence, despite production costs did not reach the target improvement of -

20%, this result can be considered satisfactory. Finally, “share of shelf” was measured with the percentage 

of space a product owns in the shelf of a particular point of sales. Throughout the project horizon this 

percentage did not increase. Nevertheless, given the positive impact on the other economic dimensions, we 

conclude that this indicator might be more accurate in the long term, as further ad hoc contracts with 

retailers might be needed. Finally, considering social performance, we report improvements in the KPIs: 

meetings with relevant stakeholders (with 3 meetings organized) and improvement in working time 

reduction exceeding the target. For the KPI regarding digital label being acquired with the help of Ploutos 

traceability solutions, the target of 2 digital labels was achieved. The SIP indeed developed 2 digital labels for 

wine, which can be considered as promising avenues for future upscale towards sustainability certification.  

4. Maturation. Now the solution is implemented, it is time for the maturation stage. During this stage, it is 

important to be aware of changing boundary conditions which may trigger technological, collaborative 

business model, and behavioural innovations. 

 

5.8 SIP8 

 
Figure 18 – Application of the SIF to SIP8 

0. Forming. Talks between a retailer (UDEA) with sustainable ambitions and a farmers’ association (ZLTO) 

resulted in the idea to support farmers to sequester carbon through the adoption of sustainable farming 

practices and to use the sequestered carbon to offset the emissions of the retailer. To bring this mission into 

practice, a consortium of actors covering the technological background (FarmHack), collaborative business 

models (TNO), behavioural innovations (Teagasc), farmers and a farmers’ association (ZLTO) and a 

certification body (Peterson) is formed. ZLTO is appointed as the orchestrator of the innovation. 

1. Baseline assessment. To guide the innovation process, a baseline assessment is performed based on 

selecting KPIs which are relevant for the mission. The involved actors agree on the following KPIs to be 

improved: potential carbon sequestration (CS) for 6 organic farms, potential CS for 5 different CS measures, 

biodiversity improvements for organic farmers starting with CS (environmental domain), cost of CS 

monitoring, CS payment per organic farmer, cost of producing 5 different organic food products (economic 

domain), meetings with stakeholders for knowledge exchange, meetings with stakeholders to involve them 

in CS network, perceived administrative burden (social domain).  
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2a. Technological innovation. As the business model logic (e.g., who are the key partners and how value is 

created and captured) is clear from the forming phase, the partners of SIP8 start the technological innovation 

by understanding the different technological options available and relating them to the situation of the SIP 

partners (e.g., which technologies do farmers already use, which data do they already have, and how can this 

data be used to calculate the sequestered carbon). After evaluating initial ideas, it becomes evident that 

calculating the exact carbon sequestration based on lab analysis is more expensive than initially expected. To 

deal with this, a new technological partner with expertise in collecting and monitoring farm data, NMI, is 

added to the innovation consortium. With the support of NMI, an efficient technological solution is 

developed. The addition of NMI leads, naturally, to a change in the collaborative business model.  

2b. Business model innovation. Adding NMI to the collaborative business model led to a redefinition of the 

roles, as well as a new distribution of costs and benefits. Furthermore, based on the more detailed business 

case made possible by the technological innovation, it becomes clear that the compensation earned with 

carbon credits does not generate significant revenues and should be seen as an incentive for farmers who 

are already interested in adopting sustainable farming practices. Finally, a new partner has to be found to 

take over ZLTO’s role as the role of service provider (instead of orchestrator and knowledge provider to 

farmers) is too far removed from their business model. 

2c. Behavioural innovation. The evaluation of the technology and the business model innovation generates 

insights for the understand phase of the behavioural innovation as farmers do not trust i) other supply chain 

partners with whom to share data and ii) the advice given by the smart-farming technology. To deal with this, 

two behavioural innovations are ideated, prototyped, and evaluated: i) a workshop on power dynamics 

around data sharing and ii) a co-design workshop with the farmers to design the user interfaces of the 

technology. 

2d. Technological innovation. Based on the understanding generated from the behavioural innovation 

process, the user interfaces are improved. 
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3. Final evaluation. 

 

Figure 19 – Sustainability assessment of SIP8 

SIP 8 performed good in all environmental indicators. Thanks to the innovation proposed by SIP 8, the 

average carbon sequestration (CS) per farm and per measure (e.g., additional rest crops, straw residues) 

decreased achieving satisfactory results. This led also to biodiversity improvements (i.e., biodiversity 

practices as permanent grasslands) beyond target thresholds. As for the economic dimension, the cost of 

monitoring CS decreased beyond the threshold. Besides, the extra revenues for organic farming based on the 

amount of CO2 that each farm can sequester improved quite considerably. In particular, the baseline value 

of 75 euro/tonCO2, upscaled to 100 euro/tonCO2 at the end of the project, thanks to the creation of a strong 

connection and stronger trust between farmers and supply chain partner. 

Finally, for social sustainability, SIP 8 organized 2 large meetings with stakeholders bringing together actors 

of the carbon sequestration network. In addition, other 2 stakeholders for knowledge exchange were 

organized. Finally, the KPI regarding the perceived administrative burden for farmers showed no 

improvements compared to baseline value. The reason for no increase in this indicator is probably due to a 

compensation effect, with automation that decreased the perception of the burden, whereas the additional 

inputs needed increased it. 

4. Maturation. Now the solution is implemented, it is time for the maturation stage. During this stage, it is 

important to be aware of changing boundary conditions which may trigger technological, collaborative 

business model, and behavioural innovations. 
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5.9 SIP9 

 
Figure 20 – Application of the SIF to SIP9 

0. Forming. Two organizations (Foodscale Hub and Green Growth Platform) embark on a mission to 

redistribute food waste of food producers to charity organizations such as food banks and the Red Cross and, 

in case of non-recoverable food, provide compost to farmers. Foodscale Hub and Green Growth Platform 

provided support with logistics whenever needed. Based on horizon scanning activities related to business 

model and technological innovation, a platform is identified as a potential promising avenue. Based on this 

mission, Foodscale Hub and Green Growth Platform form a consortium together with experts in business 

model innovation (TNO) and behavioural innovation (Teagasc). 

1. Baseline assessment. To guide the innovation process, a baseline assessment is performed based on 

selecting KPIs which are relevant for the mission. The involved actors agree on the following KPIs to be 

improved: total food diverted from landfill, GHG emissions due to food waste disposal, chemical fertilisers 

use (environmental domain), value of food production received, costs for food waste disposal, fertilizers costs 

(economic domain), number of stakeholders engaged in Serbia, number of stakeholders engaged in N. 

Macedonia, percentage of other (non-public kitchen) charity organisations registered (social domain).  

2a. Technological innovation. As the business model logic (e.g., who are the key partners and how value is 

created and captured) is relatively clear from the forming phase, the point of departure at the innovation 

stage is the technological innovation. During the understanding phase, it is realised that the low technological 

literacy of potential users requires a simple process. As such, a semi-automated platform, with a one-stop 

shop for all required actions, is ideated, prototyped, and evaluated.  

2b. Behavioural innovation. The evaluation of the platform reveals the need for two main behavioural 

innovations. First, demonstrations of the platform and one-on-one sessions with stakeholders are performed 

to make the digital platform the norm for people who were previously used to donate/receive food by phone 

calls. Furthermore, the understand phase of the behavioural innovation triggers technological innovation to 

increase the engagement of the platform (a “people matching” function to match donors and receivers of 

food on the platform), and to ease the communication between the stakeholders (by improving app functions 

by means of avatars and user interfaces). 

2c. Technological innovation. Based on the understanding generated from the behavioural innovation 

process, a “people matching” function is developed, the user interfaces are improved, and avatars are 

created. 
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2d. Collaborative business model innovation. After the platform is developed and the stakeholders show 

the correct behaviour to work with the platform, some business model issues arose. First, to improve the 

outreach, a marketing and branding strategy for the business model is developed. Second, currently 

Foodscale Hub and Green Growth Platform are operating the platform, but due to limited resources this can 

be a problem in the future. To respond to this understanding, a business model variant based on licensing 

the platform to other partners is ideated. Third, despite several attempts to develop a business model 

solution for the taxation issue (with VAT on food donations), this remains an issue for the business case of 

the platform. 

3. Final evaluation. 

  

Figure 21 – Sustainability assessment of SIP9 

SIP9 performed good in all the environmental KPIs, with the largest improvements from the baseline in 

chemical fertilizers use, which exceeded the target value. GHG emissions due to food waste disposal 

decreased compared to the baseline and directly correlates with the total amount of food diverted from 

landfill. Under the economic dimension, the “value of food production received” shows an increase that can 

be considered an outlier. This could depend on the composition of the food production received, which can 

be made by high value products, but it could also be explained by the general increase in price due to 

inflation. Besides, the other two economic KPIs (i.e., costs for food waste disposal and fertilizers costs) 

improved compared to the baseline. Social sustainability demonstrated improvements for both stakeholders’ 

engagement and the number of charity organizations brought on board of the initiative, enabling the SIP to 

create social impact by reaching a larger number of recipients. 
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4. Maturation. Now the solution is implemented, it is time for the maturation stage. During this stage, it is 

important to be aware of changing boundary conditions which may trigger technological, collaborative 

business model, and behavioural innovations. 

 

5.10 SIP10 

 
Figure 22 – Application of the SIF to SIP10 

0. Forming. Horizon scanning activities, based on understanding technological, business model and 

behavioural trends, showed that, with the rise of certified reduction emissions and an increasing voluntary 

market for carbon credits, an interesting opportunity emerges to valorise sustainable farming practices 

enabled by novel smart-farming technologies and decision support systems. Moreover, a parametric 

insurance for grape diseases can be an instrument to safeguard of farmers revenue. To explore this 

opportunity, a consortium of actors covering the technological background (Horta srl), a University with 

economic and agricultural expertise (UCSC-CETIF and UCSC-DIPROVES), collaborative business models (TNO), 

behavioural innovations (Teagasc) and the users of the solution (farmers and the farmers’ association 

SetteColli di Ziano) is formed, and a mission is defined (building a system for calculating certified Verified 

Emission Reductions and making them available to buyers through a specialized exchange platform). 

1. Baseline assessment. To guide the innovation process, a baseline assessment is performed based on 

selecting KPIs which are relevant for the mission. The involved actors agree on the following KPIs to be 

improved: nitrogen use, pesticides use, water consumption, GHG emissions (environmental domain), 

revenue linked to carbon credits, gross profit, intrinsic product quality (economic domain), sustainability 

certifications and labels, training hours, working conditions (social domain).  

2a. Collaborative business model innovation. Trading certified Verified Emission Reductions is a relatively 

new concept and does not provide a clear business model. The same holds true for parametric insurances.  

Using the business model radar, relevant actors are identified and the costs and benefits of the vineyard 

farmers, Horta, insurance companies, the farmers’ association, UCSC and the certification body are estimated 

through a series of business model innovation iterations. Moreover, Horta was appointed as the orchestrator 

of the collaborative business model. Now the business model is clear, the technology can be innovated. 

2b. Technological innovation. Once a clear and promising business model logic has been developed for all 

actors, resources can be allocated to the technological development of the solution. In the understand phase, 
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different technological options with regards to the carbon credit trading platforms are studied. Based on this, 

the technology provider Horta ideates and prototypes the carbon credit calculator linked to the DSS vite.net® 

to enable farmers to adopt sustainable farming practices which maximizes the amount of obtained carbon 

credits. During the technological innovation process, the business model design and its technological 

requirements are kept in mind. The evaluation of the technology with the farmers shows a need to convince 

farmers to comply with the advice of the DSS, as such triggering the behavioural innovation. 

2c. Behavioural innovation. The evaluation of the technology with the farmers shows a need to convince 

farmers to comply with the advice of the DSS. Understanding the reason behind the sceptic attitude of the 

farmers resulted in the following ideas which were prototyped and evaluated: i) providing a communication 

package about the process, the pros and cons and responsibilities to inform farmers, ii) improve the 

technological innovation by adapting the user interface to farmers’ needs (triggering step 2d), and iii) train 

farmers with the use of the DSS through workshops. 

2d. Technological innovation. Based on the understanding generated from the behavioural innovation 

process, the user-interface is made more user-friendly. 

3. Final evaluation.  

 

Figure 23 – Sustainability assessment of SIP10 

SIP10 performed good in all the environmental KPIs, with the largest improvements from the baseline is the 

KPI on nitrogen used, which performed well beyond the target value. All the other environmental KPIs 

showed improvement slightly above the target. All Economic performance indicators improved compared to 

baseline value. This is true for both the indicators on intrinsic product quality as well as for the gross profit 

per hectare. The increase in gross profit, despite not reaching the target value, can be considered satisfactory. 
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Under the social sustainability sphere, indicators related to the training hours developed for farmers is 

slightly below the target value set, whereas the SIP started with the initial phases of the procedure to obtain 

a certification. Finally, the working condition index remained equal to the baseline. SIP 10 technological 

solution can indeed improve working conditions, but this impact can be considered indirect as working 

conditions include aspects connected to fatigue, quality of the working environment, which are more likely 

to be impacted directly by hardware-based solutions. 

4. Maturation. Now the solution is implemented, it is time for the maturation stage. During this stage, it is 

important to be aware of changing boundary conditions which may trigger technological, collaborative 

business model, and behavioural innovations. 

 

5.11 SIP11 

 
Figure 24 – Application of the SIF to SIP11 

0. Forming. Horizon scanning activities, based on understanding technological, business model and 

behavioural trends, showed that, using a smart-farming solution (the NADIA platform) can increase the 

sustainability of farming. Moreover, the Balearic Island, as a major tourism destination offers potential 

synergies between the farming and the tourism sector, to improve the competitiveness of the farmers. To 

explore this synergy in more detail, a consortium is formed with a technology provider (AnySolution), farmers 

and a farmers’ cooperative (COOPBAL), an agri-service provider (Agromallorca) as well as experts on business 

model innovation (TNO) and behavioural innovation (Teagasc). 

1. Baseline assessment. To guide the innovation process, a baseline assessment is performed based on 

selecting KPIs which are relevant for the mission. The involved actors agree on the following KPIs to be 

improved: pesticides use, water consumption, water footprint (environmental domain), tourist services 

developed, production costs, perceived food quality (economic domain), sustainability certifications and 

labels, working time, meetings with stakeholders (social domain).  

2a. Collaborative business model innovation. As the business model is not completely developed, e.g., the 

link with the tourist sector has not been defined, the first step is to develop a collaborative business model 

which, subsequently, guides the technological and behavioural innovations. As part of the understand phase, 

the partners understood that it is important to create awareness of how agriculture is essential for tourism. 

The ideation phase shows that giving more accurate information to tourists (e.g., through certifications and 

labels) could be a solution. Furthermore, also on new tourist activities based on sustainable farming practices, 
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such as farm visits, could be a promising avenue. To do so, it is important to involve new actors from the 

tourism industry such as hotels, travel agencies and tour operators. The evaluation of the ideated and 

prototyped business model results in a clear business model logic, and hence the willingness of the 

stakeholders to dedicate resources to the technological innovation. 

2c. Technological innovation. Now the business model logic is clear, resources can be allocated to the 

technological development of the solution. In the understand phase, it is understood which technologies are 

needed for the collaborative business model and which ones are already in place on the farms. Due to 

changing boundary conditions (covid-19 affected the financial means of the farmers and, therefore, reduced 

their willingness to invest in new technologies) the ideated solution should have a direct impact and a quick 

pay-back time such as technologies which reduce input consumption. Next, a solution is ideated requiring 

the following activities: i) adding new sensors in the greenhouses to collect the necessary data and gather 

the required insights needed to reduce water and fertilizer consumption, ii) further improving the NADIA 

platform by introducing an IoT platform with new functionalities based on AI algorithms and, iii) developing 

a traceability system to enable certification and labelling. In addition, an alert system is developed to inform 

tourists on spots to visit the short-lived yearly almond blossoming.  

2d. Behavioural innovation. The evaluation of the technology leads to insights on needed behavioural 

innovations. First, to ensure that farmers trust the advice of the technology, a step-by-step approach to roll-

out the technology is developed. Second, it is understood that the user interfaces can be improved. 

2e. Technological innovation. Based on the understanding generated from the behavioural innovation 

process, the user-interface is made more user-friendly. 

3. Final evaluation.  

 

Figure 25 – Sustainability assessment of SIP11 

SIP11 improved in all the environmental KPIs. Reduction in water consumption, water footprint and 

pesticides use achieved improvement around their targets. Pesticides use is measured in value (i.e., 
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euro/hectare) and so might be affected by inflation. All the economic indicators improved compared to their 

baseline values. Interestingly, the SIP developed 2 new tourist services and considerably increased the food 

quality perceived by a set of diverse stakeholders (e.g., the chamber of commerce, tourist service providers). 

Also production cost decreased for a larger share than the target of 20%. Finally, under the social dimension, 

SIP 11 enabled the adoption of Global Gap certification for tomatoes and organized several meetings with 

stakeholders that were well beyond the target. Finally, as the most relevant improvement, the greenhouse 

technology developed within Plotuos enabled a drastic reduction in the time to perform some generally time-

consuming operations at the greenhouses. 

4. Maturation. Now the solution is implemented, it is time for the maturation stage. During this stage, it is 

important to be aware of changing boundary conditions which may trigger technological, collaborative 

business model, and behavioural innovations. 
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5.12 Cross-SIP evaluation 

The application of the SIF by the SIPs highlights the sequence of innovation steps and the different entry 

points into the SIF. The innovation journey commences with innovating the core logic underpinning the 

collaborative business model. However, in certain instances, the business model logic was evident right from 

the forming phase of the innovation process, as seen in SIPs 1, 4, 5, 6, 7, 8, and 9. However, for SIPs 2, 3, 10, 

and 11, there was a need to initiate with the business model innovations. Once the fundamental business 

model logic has been solidified, the SIPs proceed to allocate resources to the development of the 

technological solutions. Following the implementation of these technological solutions, it becomes 

imperative to introduce behavioural innovations to ensure the successful adoption of both the technology 

and the collaborative business models. Often, these behavioural innovations necessitate adjustments to the 

technology itself, such as enhancing user interfaces, as well as the collaborative business models, including 

the incorporation of new activities and new actors. Finally, based on drawing insights from a fully developed 

technology, a comprehensive business case can be developed for each actor. This final round of collaborative 

business model innovation marks the culmination of the innovation process. For clarity, the entire sequence 

of the SIF, as well as the different entry points of the SIPs, is illustrated in Figure 26. 

 
Figure 26 – Final SIF with the entry points of each SIP 

In the pursuit of achieving the set objectives, it is notable that although not all objectives were fully realized, 

the majority (at least 30% of the KPIs) were successfully achieved by the SIPs (i.e., they achieved or even 

exceeded the target). This observation provides empirical indications of the efficacy of the SIF. 

Lastly, it is worth noting that boundary conditions served as a catalyst or as a barrier for the SIPs, albeit with 

limited impact on the innovation phase. SIP11, for instance, experienced a relatively minor impact, which 

remained congruent with the SIP’s initial objectives. While other SIPs, for instance SIPs 3 and 9, encountered 

boundary conditions during the innovation process, these conditions did not fundamentally alter the ultimate 

trajectory of innovation. Instead, they exerted nuanced effects on the solution’s overall efficacy. This 

phenomenon can be attributed to the inherent complexity associated with addressing boundary conditions, 

typically characterized as substantial events, such as the inflation of electronic chip prices and shortages of 

technological components, which the SIPs were compelled to deal with. Nevertheless, it is imperative to 

maintain a vigilant focus on boundary conditions, as they may potentially render innovation endeavours and 

developmental stages unviable from a business case perspective. 
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6 Conclusions 
This deliverable presents the final SIF including replication guidelines. Starting from the initial SIF presented 

in D1.1., this deliverable presents a refined SIF based on empirical insights gathered from the application of 

the SIF by the SIPs. Although the SIF guided the SIPs, the application of the SIF by the pilots also guided the 

continuous refinement of the SIF to deal with unexpected situations.  

Based on these insights, the final SIF is composed of five phases namely: “forming-baseline assessment-

innovate-final evaluation-maturation” while it underpins the significant role played by all three innovation 

streams of Ploutos – technological innovation, collaborative business model innovation, and behavioural 

innovation. Within the ‘innovate’ phase, a clear sequence of innovations has been identified to develop the 

main structure of the SOIs, i.e., the radical innovation, namely: collaborative business model innovation → 

data-driven technological innovation → behavioural innovation. After the development of the main structure 

of the SOI, a series of iterations involving all three innovation streams fine-tune the SOIs through incremental 

innovations.  

However, although the innovation phase, with the three innovation streams, forms the core of the SIF, the 

forming phase and the baseline assessment phase affect the innovation phase. In the forming phase, the 

consortium of relevant actors is formed, and a mission is developed. Based on this, the KPIs selected in the 

baseline assessment provide directions to the innovation. However, the forming phase and the baseline 

assessment can potentially limit the innovation capability of the consortium by imposing a certain degree of 

path dependency: i.e., the number and types of actors as well as the final SOI may to a certain extent become 

pre-determined. This limits the full potential of the “understand-define-ideate-prototype-evaluate” cycles in 

the innovation phase as some promising solutions may not be in line with the initial mission and the agreed 

KPIs. In addition, implementing the SIF is not an easy task. As in Ploutos, the support of experts on each of 

the innovation streams may support future pilots to successfully implement the SIF. 

To conclude, as shown in the cross-SIP analysis, the application of the SIF led to the achievement of the KPIs, 

as such demonstrating the efficacy of the developed process. We expect similar outcomes when new projects 

apply the SIF, following the guidelines presented in chapter 4 as well as the guidelines for each innovation 

stream presented in D2.5, D3.11 and D4.10. To the best of our knowledge, no other practical1 innovation 

processes exist which deal with developing SOIs with multiple actors. Hence, the developed SIF provides 

valuable insights to practitioners and policymakers in the agri-food sectors. In addition, other sectors in which 

collaborative SOIs are needed, such as the fashion industry, may benefit as well from the developed SIF. 

  

 
1 With practical we refer to a step-by-step approach with practical tools which can be used throughout the process, 
opposed to more “fluffy”, high-level innovation processes. 
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8 Annexes 
Annex I: Sustainability Performance of the SIPs 

 

KPI  
Unit of 

measurement 
Baseline value Final value Normalised Score Target Notes on target 

Pesticides  
use 

kg/ha/yr 20.0 9.1 2.72 16.0 20% reduction 

Water  
consumption 

m3/ha/yr 4,500 1,076 3.80 3,600 20% reduction 

Fertilisation  
efficiency 

% 70 79 0.64 84 20% increase 

Production 
 costs 

€/ha/yr 2,000 762 3.10 1,600 20% reduction 

Markets 
accessed  
due to the 
certification 

# 0 1 1.00 1 
Reasonable target in 
a 3-year time frame 

Perceived  
food quality 

Qualitative 
score [1-10] 

8.8 8.8 0.00 9.7 10% increase 

Sustainability  
certifications  
and labels 

# 0 2 2.00 1 
Reasonable target in 
a 3-year time frame 

Suppliers 
screened  
using social 
criteria 

% 0 43 2.15 20 20% increase 

Meetings  
with 
stakeholders 

# 0 2 0.67 3 1 meeting per year 

Table AI.1 – Sustainability performance of SIP1 
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KPI  
Unit of 

measurement 
Baseline 

value 
Final 
value 

Normalised 
Score 

Target Notes on target 

Nitrogen  
use 

kg N/ha 150 104 1.53 120 20% reduction 

Pesticides  
use 

kg/ha 3.50 0.74 3.94 2.80 20% reduction 

Water  
consumption 

m3/ha 400 147 3.17 320 20% reduction 

GHG 
emissions 

t CO2e / t 
yield 

0.60 0.43 1.46 0.48 20% reduction 

Farmers  
losing 
revenue   

% 5 0 1.00 0 Set by the SIP 

Quantity of 
high quality 
products  
produced 

t 2,000 2,381 0.95 2,400 20% increase 

Gross profit  €/ha 300 357 0.95 360 20% increase 

Meetings 
with  
stakeholders 

# 0 3 1.00 3 1 meeting per year 

Training  
hours 

h/yr 0 5 0.63 8 
1 working day per 

year 

Working 
conditions  
index 

[0-1] 0.62 0.64 0.32 0.68 10% increase 

Table AI.2 – Sustainability performance of SIP2 
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KPI  
Unit of 

measurement 
Baseline 

value 
Final 
value 

Normalised 
Score 

Target 
Notes on 

target 

Pesticides use  
(potatoes) 

kg/ha/yr 8.80 7.12 0.95 7.04 20% reduction 

Pesticides use 
(beans) 

kg/ha/yr 10.00 3.16 3.42 8.00 20% reduction 

Water 
consumption 
(potatoes) 

m3/ha/yr 3,975 1,650 2.92 3,180 20% reduction 

Water 
consumption 
(beans) 

m3/ha/yr 6,000 3,775 1.85 4,800 20% reduction 

Stores selling 
the products 

# 0 12,960 1.00 13,000 Set by the SIP 

Sold  
products 

# 0 2,104,412 1.05 2,000,000 Set by the SIP 

New products  
co-designed 

# 0 10 1.00 10 Set by the SIP 

Farmers 
engaged  
based on 
social criteria 

# 0 721 1.44 500 Set by the SIP 

Countries the 
lesson is 
transferred to 

# 0 3 1.00 3 Set by the SIP 

Table AI.3 – Sustainability performance of SIP3 
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KPI  
Unit of 

measurement 
Baseline 

value 
Final 
value 

Normalised 
Score 

Target Notes on target 

Water  
consumption 

l/m2 390 321 0.88 312 20% reduction 

Energy 
intensity 

kWh/t 67 45 1.64 54 20% reduction 

Pesticides  
use 

kg/ha 393 20 4.74 314 20% reduction 

Waste % 5 4 0.83 4 20% reduction 

Land  
productivity 

kg/m2 7.0 7.8 0.57 8.4 20% increase 

Labour  
productivity 

kg/h 8.6 10.5 1.12 10.3 20% increase 

Intrinsic  
product quality 

% 73 74 0.05 88 20% increase 

Technology  
acceptance 

Qualitative score 
[1-5] 

4.3 4.6 0.70 4.7 10% increase 

Working  
time 

h/m2/yr 0.7 0.7 0.06 0.6 20% reduction 

Table AI.4 – Sustainability performance of SIP4 
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KPI  
Unit of 

measurement 
Baseline 

value 
Final 
value 

Normalised 
Score 

Target Notes on target 

Grazing 
season  
length 

days 222 259 0.82 266 20% increase 

Nutrient  
use efficiency 

% 24 25 0.12 29 20% increase 

Grass dry 
matter  
production 

t DM/ha 10.0 9.7 -0.14 12.0 20% increase 

New agri-
tourism  
businesses 

# 0 4 2.00 2 
Reasonable 

target in a 3-year 
time frame 

Attendance  
at workshops 

# 0 134 1.68 80 Set by the SIP 

Attendance  
at 
information 
events 

# 0 365 1.14 320 Set by the SIP 

Working  
time 

h/yr 2,365 2,491 -0.27 1,892 20% reduction 

Table AI.5 – Sustainability performance of SIP5 
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KPI  
Unit of 

measurement 
Baseline value Final value Normalised Score Target Notes on the target 

Fertilisers  
use 

kg/ha 500 414 0.87 400 20% reduction 

Soil 
improvement  
and land 
conservation  
practices 

# 0 17 1.13 15 Defined by the SIP 

Pesticides use kg/ha 1.00 0.79 1.05 0.80 20% reduction 

Production 
costs  
(fertilisation) 

€/ha/yr 170 147 0.68 136 20% reduction 

Production 
costs  
(spraying) 

€/ha/yr 40 36 0.55 32 20% reduction 

Revenue  
per hectare 

€/ha/yr 780 990 1.35 936 20% increase 

Technology 
acceptance 

Qualitative 
score [1-5] 

3.2 4.0 2.50 3.5 10% increase 

Training and  
demonstration 
hours 

h/yr 0 7 0.83 8 
1 working day per 

year 

Meetings  
with 
stakeholders 

# 0 4 1.33 3 1 meeting per year 

Table AI.6 – Sustainability performance of SIP6 
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KPI  
Unit of 

measurement 
Baseline 

value 
Final 
value 

Normalised 
Score 

Target Notes on target 

Pesticides use 
(a) 

kg/ha/yr 240 60 3.75 192 20% reduction 

Pesticides use 
(b) 

l/ha/yr 1.00 0.80 1.00 0.80 20% reduction 

Soil 
improvement  
and land 
conservation  
practices 

# 1 4 1 4 
Defined by the 

SIP 

Production  
costs 

€/ha/yr 1,900 1,666 0.62 1,520 20% reduction 

Perceived  
food quality 
(Xinisteri-
Malaga) 

Qualitative score  
[1-10] 

7.7 8.9 1.56 8.5 10% increase 

Perceived 
food quality 
(Maratheftiko) 

Qualitative score  
[1-10] 

8.4 9.0 0.71 9.2 10% increase 

Share 
of shelf 

% 1.45 1.45 0.00 1.74 20% increase 

Sustainability 
certifications 
and labels 

# 0 2 2 1 
Reasonable 

target in a 3-
year time frame 

Meetings  
with 
stakeholders 

# 0 3 1 3 
1 meeting per 

year 

Working  
time 

h/ha/yr 290 210 1.37 232 20% reduction 

Table AI.7 – Sustainability performance of SIP7 
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KPI  
Unit of 

measurement 
Baseline value Final value Normalised Score Target 

Notes on 
target 

Average CS* 
for  
6 organic 
farms 

t CO2/ha/yr 0.00 1.16 1.16 1 Set by the SIP 

Average CS 
for  
5 different 
measures 

t CO2/ha/yr 0.30 0.71 0.59 1 Set by the SIP 

Biodiversity 
improvements  
for organic 
farmers  
starting with 
CS 

# 0 4 2.00 2 
Reasonable 

target 

Cost of  
CS monitoring 

€/t CO2/yr 40 25 1.88 32 20% reduction 

CS payment  
per organic 
farmer 

€/t CO2 0 75 0.75 100 Set by the SIP 

Meetings  
with 
stakeholders  
(knowledge 
exchange) 

# 0 2 1.00 2 

Reasonable 
target in a 3-

year time 
frame 

Meetings  
with 
stakeholders  
(involvement 
in carbon 
sequestration 
network) 

# 0 2 1.00 2 

Reasonable 
target in a 3-

year time 
frame 

Perceived  
administrative  
burden 

Qualitative scale 
from 1 to 10 

7.5 7.5 0.00 8.3 10% increase 

Table AI.8 – Sustainability performance of SIP8. *CS: carbon sequestration 
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KPI  
Unit of 

measurement 
Baseline 

value 
Final 
value 

Normalised 
Score 

Target Notes on target 

Total food  
diverted  
from landfill 

t 1,745 1,943 0.57 2,094 20% increase 

GHG 
emissions 
due to food 
waste disposal 

t CO2eq/yr 850 751 0.58 680 20% reduction 

Chemical  
fertilisers use 

kg/ha 400 302 1.23 320 20% reduction 

Value of  
food 
production 
received 

€/yr 1,800 5,110 9.19 2,160 20% increase 

Costs for 
food waste 
disposal 

€/kg 0.10 0.09 0.48 0.08 20% reduction 

Fertilizers  
costs 

€/ha 160 106 1.70 128 20% reduction 

Number of  
stakeholders 
engaged  
in Serbia 

# 54 96 1.62 80 Set by the SIP 

Number of  
stakeholders 
engaged  
in N. 
Macedonia 

# 32 81 1.02 80 Set by the SIP 

Non-public 
kitchen  
charity 
organisations  
registered 

% 43 84 4.77 52 20% increase 

Table AI.9 – Sustainability performance of SIP9 
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KPI  
Unit of 

measurement 
Baseline 

value 
Final 
value 

Normalised 
Score 

Target Notes on target 

Nitrogen  
use 

kg N/ha 50.0 13.0 3.70 40.0 20% reduction 

Pesticides  
use 

kg/ha 22.5 20.6 0.43 18.0 20% reduction 

Water  
consumptio
n 

hl/ha 22.5 18.6 0.87 18.0 20% reduction 

GHG  
emissions 

t CO2eq 0.40 0.28 1.46 0.32 20% reduction 

Revenue 
linked to  
carbon 
credits 

€/ha 0 2,850 1.14 2,500 
5% of baseline 

gross profit 

Gross profit €/ha 5,000 5,769 0.77 6,000 20% increase 

Intrinsic  
product 
quality  
(brix) 

°brix 20.0 21.1 0.55 22.0 10% increase 

Intrinsic  
product 
quality  
(grape 
acidity) 

grape acidity 9.0 10.0 0.74 10.4 15% increase 

Sustainabilit
y  
certification
s  
and labels 

# 0 1 1.00 1 
Reasonable target 

in a 3-year time 
frame 

Training  
hours 

h/employee/yr 0 5 0.63 8 
1 working day per 

year 

Working 
conditions  
index 

Qualitative score  
[0-1] 

0.69 0.69 0.00 0.76 10% increase 

Table AI.10 – Sustainability performance of SIP10 
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KPI  
Unit of 
measurement 

Baseline 
value 

Final 
value 

Normalised 
Score 

Target Notes on target 

Pesticides  
use kg/m2/yr 650 535 0.88 520 20% reduction 

Water  
consumption m3/ha/yr 900 742 0.88 720 20% reduction 

Water  
footprint l/kg tomato 30.0 24.5 0.92 24.0 20% reduction 

Tourist 
services 
developed 

# 0 2 1.00 2 
Reasonable target in a 3-

year time frame 

 Production  
costs €/ha 5,500 4,375 1.02 4,400 20% reduction 

Perceived  
food quality 

Qualitative score 
[1-10] 

8.0 9.0 1.25 8.8 10% increase 

Sustainability  
certifications  
and labels 

# 0 1 1.00 1 
Reasonable target in a 3-

year time frame 

Time for data  
collection and  
windows 
opening 

hr/week/yr 6.8 0 5.0 5.5 20% reduction 

Meetings with  
stakeholders # 0 10 3.33 3 

Reasonable target in a 3-
year time frame 

Table AI.11– Sustainability performance of SIP11 
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Annex II: Key Performance Indicators 

The following KPI IDs have been developed as part of the measurement framework. The KPI ID contains 

indications of the main domain (i.e., environmental, social, and economic), a set of themes for each domain 

and then a detailed description of the indicators, the metrics reported and the unit of measurement. 

Measurement boundaries include the value chain stages that can potentially be interested in the 

measurement, whereas the type of indicators delineate the directions for improving the indicators (i.e., 

minimisation vs maximisation, customisation – when the direction to improve the indicator is either positive 

or negative, but with a trade-off to handle - and N.A., which refers to qualitative indicators for which is not 

possible to delineate a direction of improvement). Notes and references complement the KPI ID with 

additional information to guide the measures and support the methodological rigour of the development 

process of the description and the metrics of the indicators. The listed IDs do not include indication about 

the horizon of the different measurement, which can vary depending on the activities that characterise the 

value chain stage or the type of indicators (e.g., economic indicators are generally measured on a yearly time 

horizon). Not all the KPIs are based on quantitative metrics, those that are defined in qualitative scale would 

require the development of a specific tool (e.g., an interview protocol for key stakeholders or a focus group 

exercise), for which more specific and ad-hoc guidelines are presented in Annex II.  

 

Table AII.1 –   Water Consumption 

 

 

 

 

EN-1 Water consumption 

Domain Environmental  

Theme Resource consumption 

Description 
It measures the volume of water used in primary crop production (water for irrigation 

purposes) and/or for food processing 

Metrics 
Farming stage: [Water consumption/harvested area] 

Processing stage: [Water consumption/weight of raw material processed] 

Unit of measurement 
Farming stage: [m3/ha] 

Processing stage: [m3/tons] 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Minimization 

Minimum requirements n.a.  

Notes Water consumption can be directly measured, estimated or retrieved from water bills 

Reference 
Tsolakis N, Anastasiadis F, Srai JS (2018) Sustainability performance in food supply 

networks: Insights from the UK industry. Sustainability, 10(9), 3148. 
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Table AII.2  –  Energy consumption 

 

EN-3 Share of renewable energy 

Domain Environmental  

Theme Resource consumption 

Description 
It measures the percentage of energy used in primary production and/or food 

processing that comes from renewable resources 

Metrics [Energy from renewable resources/Total energy consumed] *100 

Unit of measurement [%] 

Measurement boundaries  (1) Farming stage (2) Processing stage  

Type Maximization 

Minimum requirements n.a. 

Notes  

Reference 
FAO (2014) SAFA - Sustainability Assessment of Food and Agriculture systems. 

Guidelines version 3.0 

Table AII.3 – Share of renewable energy 

  

EN-2 Energy consumption 

Domain Environmental  

Theme Resource consumption 

Description It measures the amount of energy used in primary production and/or food processing 

Metrics [Total energy consumption] 

Unit of measurement [kWh] 

Measurement boundaries (1) Farming stage (2) Processing stage  

Type Minimization 

Minimum requirements n.a. 

Notes 

• Energy consumption in the farming process includes the use of diesel, electricity, 

propane, natural gas, and renewable fuels for activities on the farm 

• Consider using Energy Intensity (KPI EN-14) to calculate the energy consumed per 

unit of output product 

Reference 
Tsolakis N, Anastasiadis F, Srai JS (2018) Sustainability performance in food supply 

networks: Insights from the UK industry. Sustainability, 10(9), 3148. 
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EN-4 Concentration of water pollutants 

Domain Environmental  

Theme Pollution 

Description 

It measures the percentage of days of the year when relevant water quality thresholds 

have been exceeded in water bodies (including ground and surface water) due to 

effluents from the operations 

Metrics 
[Number of days of the year when relevant water quality thresholds have been 

exceeded/365] * 100 

Unit of measurement [%] 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Minimization 

Minimum requirements 0% 

Notes 

Testing procedures and parameters may be grouped into physical, chemical, 

bacteriological and microscopic categories: 

• Physical tests indicate properties such as water conductivity, density and odour. 

• Chemical tests determine the amounts of mineral and organic substances that 

affect water quality. Examples of relevant parameters: biochemical oxygen 

demand (BOD), chemical oxygen demand (COD), dissolved oxygen, pH, nitrate, 

orthophosphate, pesticide residues and metabolites, polycyclic aromatic 

hydrocarbons (PAHs). 

• Bacteriological tests show the presence of bacteria (e.g., fecal pollution). 

• Bioassays are a means to determine the quality of water as a habitat for organisms 

such as daphnia and caddis-fly larvae. 

Reference 
FAO (2014) SAFA - Sustainability Assessment of Food and Agriculture systems. 

Guidelines version 3.0 (original KPI included also marine and coastal water) 

Table AII.4 – Concentration of water pollutants 

 

EN-5 Fertilizers use 

Domain Environmental 

Theme Pollution 

Description 
It measures the quantity of fertilizers (N, P, K) applied per unit of arable land over the 

year 

Metrics [Total weight of nutrients applied/total area treated] 

Unit of measurement [kg/ha] 

Measurement boundaries (1) Farming stage  

Type Minimization 

Minimum requirements Comply with EU regulations (e.g. Nitrates Directive) 

Notes  

Reference 
Reytar, K., Hanson, C., Henninger, N. (2014). Indicators of sustainable agriculture: a 

scoping analysis. World Resources Institute: Washington, DC, USA. 

Table AII.5 –Fertilizers use 
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EN-6 Pesticides use 

Domain Environmental 

Theme Pollution 

Description 

It measures the quantity of pesticides (herbicides, fungicides, insecticides, acaricides, 

nematicides, molluscicides, rodenticides, growth regulators, repellents, rodenticides 

and biocides) used per unit of arable land over the year 

Metrics [Total weight of active ingredients applied/total area treated] 

Unit of measurement [kg/ha] 

Measurement boundaries (1) Farming stage 

Type Minimization 

Minimum requirements Comply with EU regulations 

Notes  

Reference 
Reytar, K., Hanson, C., Henninger, N. (2014). Indicators of sustainable agriculture: a 

scoping analysis. World Resources Institute: Washington, DC, USA. 

Table AII.6 –  Pesticides use 

 

EN-7 Greenhouse gas emissions 

Domain Environmental 

Theme Pollution 

Description 

It measures emissions calculated as the sum of emissions of direct GHGs: carbon 

dioxide (CO2), methane (CH4), nitrous oxide (N2O), perfluorocarbons (PFCs), 

hydrofluorocarbons (HFCs), sulphur hexafluoride (SF6) and nitrogen trifluoride (NF3), 

measured in units of CO2-equivalent, by using a common weighting factor, the so-

called Global Warming Potentials (GWP) 

Metrics Based on the methodology adopted 

Unit of measurement [tons CO2-equivalent (CO2e)] 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Minimization 

Minimum requirements n.a. 

Notes  

Reference 

IPCC (2019) 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas 

Inventories, Calvo Buendia, E., Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., 

Ngarize, S., Osako, A., Pyrozhenko, Y., Shermanau, P. and Federici, S. (eds). Published: 

IPCC, Switzerland. https://www.ipcc-nggip.iges.or.jp/public/2019rf/vol4.html (access: 

February 2021) 

WRI and WBCSD (2014) The Greenhouse Gas Protocol Agricultural Guidance. 

https://ghgprotocol.org/agriculture-guidance (access: February 2021). 

Table AII.7 –   Greenhouse gas emissions 

  

https://www.ipcc-nggip.iges.or.jp/public/2019rf/vol4.html
https://ghgprotocol.org/agriculture-guidance
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EN-8 Soil improvement and land conservation practices 

Domain Environmental 

Theme Soil and land conservation 

Description 
It measures the number of practices adopted by the farmer to improve soil quality and 

favour land conservation  

Metrics [Number of soil improvement and land conservation practices adopted] 

Unit of measurement [#] 

Measurement boundaries (1) Farming stage 

Type Maximization 

Minimum requirements 1 

Notes 

Soil improvements and land conservation practices include: 

• Natural fertilizer use 

• Cover cropping 

• Nitrogen fixing annual or perennial plants (will vary by region, e.g., alfalfa, clover, 

pulses, soybeans, vetch, locust, carob) 

• Intercropping 

• Crop rotations 

• No-till and reduced tillage systems (conventional tillage incorporates most residue 

into the soil; reduced tillage retains some residues on the field; no-till leaves the 

soil 

relatively undisturbed) 

• Maintaining permanent soil cover through mulch or planted soil cover 

• Terracing or contour planting on areas of significant slope 

• Use of hedgerows (densely spaced shrubs or trees planted as barriers or 

boundaries) 

Reference 
FAO (2014) SAFA - Sustainability Assessment of Food and Agriculture systems. 

Guidelines version 3.0 

Table AII.8 – Soil conservation practices 
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EN-9 Non-hazardous waste generated by disposal or valorisation options 

Domain Environmental 

Theme Waste 

Description 
It measures the amount of annual waste, as a percentage of total waste generated, 

classified by valorisation options 

Metrics 
[Measured or estimated weight of non- hazardous and non-food waste that is 

generated and it is diverted from disposal]/ [Total amount of waste generated] * 100 

Unit of measurement [%] (waste is measured in tons) 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Minimization 

Minimum requirements n.a. 

Notes 

Classify the type of waste by valorisation options: 

• Reuse  

• Recycling 

• Composting 

• Recovery 

• … 

Reference Global Reporting Initiative guidelines (2020) – 306 (Waste 2020) 

Table AII.9 – Non- hazardous waste generated by disposal or valorisation options 
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EN-10 Food loss and waste reduction 

Domain Environmental 

Theme Waste 

Description 

It measures the percentages of food that is lost or wasted in the enterprise’s 

operations and what share is reused (charities, feed), recycled or recovered (compost, 

bioenergy)  

Metrics 

[Measured or estimated weight of food removed from the supply chain, including 

post-harvest, processing, and packaging that is redistributed, reused, recycled or 

recovered]/ [Total amount of food waste generated] * 100  

Unit of measurement [%] 

Measurement boundaries (1) On-farm post-harvest, processing & packaging 

Type Maximization 

Minimum requirements n.a. 

Notes 

Classify food waste according to different valorisation options: 

• redistribution (including donations to charities) 

• reuse for human consumption (i.e., re-process or repackage surplus food to obtain 

another food product for humans) 

• reuse for animal feed 

• recycle (i.e., transform food waste into fertilizers or products that are sold in other 

industries) 

• recovery (i.e., transform food waste to obtain energy, i.e., bio-diesel) 

Reference 
FAO (2014) SAFA - Sustainability Assessment of Food and Agriculture systems. 

Guidelines version 3.0 

Table AII.10 – Food loss and waste reduction 

 

EN-11 Water use efficiency 

Domain Environmental 

Theme Resource use efficiency 

Description It measures the amount of yield produced per unit of water used by the crop 

Metrics [Crop yield/(Irrigation + Rainfall)] 

Unit of measurement [t/m3], [kg/l] 

Measurement boundaries (1) Farming stage 

Type Maximization 

Minimum requirements n.a. 

Notes  

Reference 
Howell, T. A. (2001). Enhancing water use efficiency in irrigated agriculture. Agronomy 

journal, 93(2), 281-289. 

Table AII.11 – Water use efficiency 
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EN-12 Nutrient use efficiency 

Domain Environmental 

Theme Resource use efficiency 

Description It measures the units of crop yield per unit of nutrient applied (N, P, K) 

Metrics [Crop yield/Total weight of nutrient (N,P,K) applied] 

Unit of measurement [kg/kg] 

Measurement boundaries (1) Farming stage 

Type Maximization 

Minimum requirements n.a. 

Notes The indicator is also known as partial factor productivity 

Reference 
Drechsel, P., Heffer, P., Magen, H., Mikkelsen, R., & Wichelns, D. (2015). Managing 

water and fertilizer for sustainable agricultural intensification (No. 613-2016-40784). 

Table AII.12 – Nutrient use efficiency 

 

EN-13 Energy intensity 

Domain Environmental 

Theme Resource use efficiency 

Description It measures the energy consumed per unit of output product 

Metrics [Energy consumed/Weight of output product] 

Unit of measurement [kWh/tons],  

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Minimization 

Minimum requirements n.a. 

Notes  

Reference 

Tan, H.X., Yeo, Z., Ng, R., Tjandra, T.B. and Song, B. (2015), “A sustainability indicator 

framework for Singapore small and medium-sized manufacturing enterprises”, The 

22nd CIRP Conference on Life Cycle Engineering, Procedia CIRP, Vol. 29, pp. 132-137. 

Table AII.13 – Energy intensity 
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EC-1 Net Farm Income 

Domain Economic  

Theme Profitability 

Description It measures the annual return for family labour, own capital and management 

Metrics [Total Output (A) - All Inputs (B) + Net public receipts (subsidies less farm taxes)] 

Unit of measurement [€] 

Measurement boundaries (1) Farming stage 

Type Maximization 

Minimum requirements n.a. 

Notes 

(A) Total Output is the Value of all production from the farm 

• Sales 

• Value of home-grown feed and seed 

• Consumption by the farm household 

• Benefits in kind 

• Changes in value of livestock 

• Changes in stocks of products 
(B) All input is the sum of Direct inputs (B1) plus overheads plus depreciation plus 

return to fixed factors 

• Direct inputs (B1) 

• Maintenance of buildings and machinery 

• Depreciation of buildings and machinery 

• Insurance and other overheads costs 

• Labour costs (paid and imputed) 

• Rent (paid and imputed) 

• Interest (paid and imputed) 
(B1) Direct inputs, which vary according to farm production (including those produced 

on the farm) 

• Seed and plants 

• Fertiliser 

• Crop protection products 

• Animal feed 

• Miscellaneous crop and livestock costs 

• Energy (fuels, electricity) and water 

• Contract work 

Reference 

van Calker, K.J. Berentsen, P.B.M., De Boer, I.M.J., Giesen, G.W.J., Huirne, R.B.M. 

(2004) An LP-model to analyse economic and ecological sustainability on Dutch dairy 

farms: model presentation and application for experimental farm “de Marke”. 

Agricultural Systems, 82(2): 139-160. 

Brandt, J., & Geeson, N. (2015). Desertification indicator system for Mediterranean 

Europe: Science, stakeholders and public dissemination of research results. Monitoring 

and Modelling Dynamic Environments, 121. 

Table AII.14 – Net Farm Income 
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EC-2 Production costs 

Domain Economic 

Theme Profitability 

Description 
It measures the costs incurred by a business from manufacturing a product or 

providing a service 

Metrics 
[Direct Labour (including imputed labour costs) + Direct Material + Overhead Costs on 

Manufacturing] 

Unit of measurement [€] 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Minimization 

Minimum requirements n.a. 

Notes 

For unpaid labour (e.g., farm owner, family members), consider the opportunity cost 

for labour e.g. the corresponding average off-farm wages in the region or locality 

(“next best alternative”).  

Reference 

Pellegrini, G., Sala, P. L., Camposeo, S., & Contò, F. (2017). Economic sustainability of 

the olive oil high and super-high density cropping systems in Italy. Global Business and 

Economics Review, 19(5), 553-569. 

Tsolakis N, Anastasiadis F, Srai JS (2018) Sustainability performance in food supply 

networks: Insights from the UK industry. Sustainability, 10(9), 3148 

Table AII.15 – Production costs 

 

EC-3 Gross profit margin 

Domain Economic 

Theme Profitability 

Description 
It measures the sales revenue a company retains after incurring the direct costs 

associated with producing the goods it sells and the services it provides 

Metrics [Sales revenue – Operational costs]/[Sales revenue] * 100 

Unit of measurement [%] 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Maximization 

Minimum requirements n.a. 

Notes  

Reference 

Sadok, W., Angevin, F., Bergez, J.E., Bockstaller, C., Colomb, B., Guichard, L., Reau, R., 

Messéan, A., Doré, T. (2009) MASC: a qualitative multi-attribute decision model for ex 

ante assessment of the sustainability of cropping systems. Agronomy for Sustainable 

Development, 29(3): 447-461. 

Table AII.16 – Gross profit margin 
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EC-4 Net profit margin 

Domain Economic 

Theme Profitability 

Description It measures how much net income is generated as a percentage of revenue 

Metrics [Net Income/ Sales Revenue] * 100 

Unit of measurement [%] 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Maximization 

Minimum requirements n.a. 

Notes  

Reference 

Tan, H.X., Yeo, Z., Ng, R., Tjandra, T.B. and Song, B. (2015), “A sustainability indicator 

framework for Singapore small and medium-sized manufacturing enterprises”, The 

22nd CIRP Conference on Life Cycle Engineering, Procedia CIRP, Vol. 29, pp. 132-137. 

Table AII.17 – Net profit margin 

 

 

  



74 

 D1.10 Sustainable Innovation Framework Final Booklet 

 This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 101000594 
 

EC-5 Net value added 

Domain Economic 

Theme Profitability 

Description 
It measures the net value of goods and services generated by farms, accounting for 

total production, whether sold or consumed within farming as food, feed, or seed 

Metrics 
[Payments to Stakeholders (employee compensation, rent, contractors fee, interest to 

lenders) + Residual Net Income] 

Unit of measurement [€] 

Measurement boundaries (1) Farming stage 

Type Maximization 

Minimum requirements n.a. 

Notes 

The difference with net farm income is that value-added encompasses the 

contributions and earnings of a larger block of stakeholders and resources than net 

income. To calculate Net value added proceed as follows: 
 

1. Calculate value and services produced by farms 

Total value of production = [Value of commodity production (crop, livestock and 

products) + Services and Other income (Custom work, imputed rent, other)] 

2. Calculate the allocation of the Value of Good and Services 

Gross value added = [Total value of production + Net government transfers (Net 

government payments less property taxes and licensing fees) – Purchased inputs] 

Net value added = [Gross value added – Depreciation on buildings and 

machineries] 
 

Net value added thus include: 

• Net farm income (Farm operator households, other households, non-family 

corporations, contractors) 

• Stakeholder payments (wages for hired labour, interest for lenders, rent for 

landlords) 

Reference 

Johnson, J., Morehart, M., Covey, T., Ahearn, M., Boone, J. A., Poppe, K. J., ... & Culver, 

D. (2007). The net value-added approach as a tool for integration at the micro level. 

Economic Research Service. 

Table AII.18 – Net value added 
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EC-6 Sales revenue 

Domain Economic 

Theme Profitability 

Description 
It measures the income received by a company from its sales of goods or the provision 

of services 

Metrics [Number of Units Sold x Average Price] 

Unit of measurement [€] 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Maximization 

Minimum requirements n.a. 

Notes  

Reference 
Vivas, R., Sant’anna, Â., Esquerre, K., & Freires, F. (2019). Measuring sustainability 

performance with multi criteria model: A case study. Sustainability, 11(21), 6113. 

Table AII.19 – Sales revenue 

 

EC-7 Cash flow 

Domain Economic 

Theme Profitability 

Description 
It measures the net amount of cash and cash-equivalents being transferred into and 

out of a business 

Metrics 
[Sales Revenue − (Operating Costs + Taxes) − Required Investments in Operating 

Capital] 

Unit of measurement [€] 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Maximization 

Minimum requirements n.a. 

Notes 

Required Investments in Operating Capital = Year One Total Net Operating Capital − 

Year Two Total Net Operating Capital  
 

Total Net Operating Capital = Net Operating Working Capital + Net Plant, Property, and 

Equipment (Operating Long-Term Assets) 
 

Net Operating Working Capital = Operating Current Assets − Operating Current 

Liabilities 
 

Operating Current Assets = Cash + Accounts Receivables + Inventory  

Operating Current Liabilities = Accounts Payables + Accruals 

Reference 

Vrolijk, H.C.J., de Bont, C.J.A.M., Blokland, P.W., Soboh, R.A.M.E. (2010) Farm viability 

in the European Union; Assessment of the impact of changes in farm payments. Report 

2010-011, LEI, The Hague, The Netherlands. 

Table AII.20 – Cash flow 
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EC-8 Land productivity 

Domain Economic 

Theme Productivity 

Description 
It measures of the amount of agricultural production harvested (crop yield) per unit of 

land area 

Metrics [Total production/Harvested area] 

Unit of measurement [tons/ha] 

Measurement boundaries (1) Farming stage 

Type Maximization 

Minimum requirements n.a. 

Notes  

Reference 

Latruffe, L., Diazabakana, A., Bockstaller, C., Desjeux, Y., Finn, J., Kelly, E., ... & Uthes, S. 

(2016) Measurement of sustainability in agriculture: a review of indicators. Studies in 

Agricultural Economics, 118(3), 123-130. 

Table AII.21 – Land productivity 

 

EC-9 Labour productivity  

Domain Economic 

Theme Productivity 

Description It measures the output provided per unit of input labour 

Metrics [Total production/Hours of labour employed] 

Unit of measurement [kg/h] 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Customised goal 

Minimum requirements n.a. 

Notes  

Reference 

Latruffe, L., Diazabakana, A., Bockstaller, C., Desjeux, Y., Finn, J., Kelly, E., ... & Uthes, S. 

(2016). Measurement of sustainability in agriculture: a review of indicators. Studies in 

Agricultural Economics, 118(3), 123-130. 

Table AII.22 – Labour productivity  
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EC-10 Income from non-agricultural activities  

Domain Economic 

Theme Autonomy 

Description 
It measures the diversification of income from non-agricultural activities on the farm 

such as on-farm processing or agritourism 

Metrics [Income from non-agricultural activities/Total income] * 100 

Unit of measurement [%] 

Measurement boundaries (1) Farming stage 

Type Customized goal 

Minimum requirements n.a. 

Notes  

Reference 

Latruffe, L., Diazabakana, A., Bockstaller, C., Desjeux, Y., Finn, J., Kelly, E., ... & Uthes, S. 

(2016). Measurement of sustainability in agriculture: a review of indicators. Studies in 

Agricultural Economics, 118(3), 123-130. 

Table AII.23 – Income from non-agricultural activities 

 

EC-11 Share of subsidies over gross profit 

Domain Economic 

Theme Autonomy 

Description It measures the farmers’ dependence on subsidies as a percentage of gross profit 

Metrics [(1 – Direct Subsidies)/Gross profit] * 100 

Unit of measurement  [%] 

Measurement boundaries (1) Farming stage 

Type Minimization 

Minimum requirements n.a. 

Notes  

Reference 

Sadok, W., Angevin, F., Bergez, J.E., Bockstaller, C., Colomb, B., Guichard, L., Reau, R., 

Messéan, A., Doré, T. (2009) MASC: a qualitative multi-attribute decision model for ex 

ante assessment of the sustainability of cropping systems. Agronomy for Sustainable 

Development, 29(3): 447-461. 

Table AII.24 – Share of subsidies over gross profit 
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EC-12 Intrinsic product quality  

Domain Economic 

Theme Product quality 

Description It measures the intrinsic (physical) attributes of the product 

Metrics 
e.g., humidity, protein content, alcohol content, pesticide residues, tenderness, colour 

etc. 

Unit of measurement Based on the metric 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type n.a. 

Minimum requirements Minimum requirements according to regulations (e.g. Maximum Residue Level) 

Notes Attributes to be measured will be defined based on the specific product 

Reference 
Aramyan, L., Ondersteijn, C. J., Van Kooten, O., & Lansink, A. O. (2006). Performance 

indicators in agri-food production chains. Frontis, 47-64. 

Table AII.25 – Intrinsic product quality 

 

EC-13 Perceived food quality 

Domain Economic 

Theme Product quality 

Description 
It refers to the judgement of consumer about the overall quality of a product 

(influenced by intrinsic and extrinsic attributes)   

Metrics Annex II 

Unit of measurement [0-10] 

Measurement boundaries (1) Consumers 

Type Maximization 

Minimum requirements n.a. 

Notes  

Reference 

e.g., Jover, A. J. V., Montes, F. J. L., & Fuentes, M. D. M. F. (2004). Measuring 

perceptions of quality in food products: the case of red wine. Food Quality and 

preference, 15(5), 453-469. 

Table AII.26 – Perceived food quality 
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EC-14 Market share 

Domain Economic 

Theme Brand/product visibility 

Description It measures the percent of total sales generated by a particular company in an industry  

Metrics [Total sales revenue of the company/market's total sales revenue] * 100 

Unit of measurement [%] 

Measurement boundaries (1) Processing 

Type Maximization 

Minimum requirements n.a. 

Notes  

Reference 

Singh, C. S., Soni, G., & Badhotiya, G. K. (2019). Performance indicators for supply chain 

resilience: review and conceptual framework. Journal of Industrial Engineering 

International, 15(1), 105-117. 

Table AII.27 –Market share 
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EC-15 Distribution channels 

Domain Economic 

Theme Brand/product visibility 

Description 
It measures the number of distribution channels for products of the food processing 

industry 

Metrics [Total number of distribution channels] 

Unit of measurement [#] 

Measurement boundaries (1) Processing 

Type Customized goal 

Minimum requirements n.a. 

Notes 

Distribution channels may include: 

• Internet (direct) 

• Internet (retailer) 

• Retail chains (national) 

• Food brokers + Institutional buyers 

• Grocery wholesalers + Institutional buyers 

• Grocery wholesalers + Retail grocers (independent) 

• Grocery wholesalers + Retail chains (local and regional) 

• Retail chains (local and regional) 

• Food service distributors + Restaurants 

• Food service distributor + Speciality (airlines, etc.) 

• ... 

Reference 
Coyle, J. C., Bardi, E. J., & Langley, C. J. (2003): The Management of Business 

Logistics: A Supply Chain Perspective, South-Western, Thomson Learning, p. 108 

Table AII.28 – Distribution channels  
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EC-16 Share of shelf 

Domain Economic 

Theme Brand/product visibility 

Description 
It measures the percentage of space a product owns in the shelf of a particular point of 

sales 

Metrics [Number of facings for brand/Total number of facings] * 100 

Unit of measurement [%] 

Measurement boundaries (1) Retailing 

Type Maximization 

Minimum requirements n.a. 

Notes A facing is a frontal view of a single package of a product on a fully stocked store shelf. 

Reference 

MASB (2021) Common Language Marketing Dictionary https://marketing-

dictionary.org/s/share-of-

shelf/#:~:text=Definition,facings%20positions%20available.%5B1%5D (Access February 

2021) 

Table AII.29 –Share of shelf 

  

https://marketing-dictionary.org/s/share-of-shelf/#:~:text=Definition,facings%20positions%20available.%5B1%5D
https://marketing-dictionary.org/s/share-of-shelf/#:~:text=Definition,facings%20positions%20available.%5B1%5D
https://marketing-dictionary.org/s/share-of-shelf/#:~:text=Definition,facings%20positions%20available.%5B1%5D
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S-1 Training hours 

Domain Social 

Theme Training and education 

Description It measures the average hours of training per year per employee 

Metrics 
[Total number of training and education hours for all employees/Total number of 

employees] 

Unit of measurement [hours/employee] 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Maximization 

Minimum requirements n.a. 

Notes  

Reference GRI Standards (2016) GRI 404: Training and Education 2016. 

Table AII.30 – Training hours 

 

S-2 Working time 

Domain Social 

Theme Labour 

Description It measures the average weekly working time per category of worker 

Metrics 
[Hours worked by each category of worker in a time interval/number of weeks in the 

time interval] 

Unit of measurement [Hours/week] 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Customized goal 

Minimum requirements Depending on the type of contract 

Notes 

Categories of workers include unpaid labour (farm owner, family members) and hired 

labour. The time interval is defined taking into consideration seasonality of work (in 

case of non-seasonality it is equal to one year) 

Reference 

Lebacq, T., Baret, P.V. and Stilmant, D. (2013): Sustainability indicators for livestock 

farming. A review. Agronomy for Sustainable Development 33, 311-327. 

https://doi.org/10.1007/s13593-012-0121-x 

Table AII.31–Working time 

  



83 

 D1.10 Sustainable Innovation Framework Final Booklet 

 This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 101000594 
 

S-3 Work intensity index 

Domain Social 

Theme Labour 

Description 

It measures the work intensity by work category by considering three sub-indicators: 

the quantitative demands in terms of work intensity, the autonomy over the pace of 

work, and the emotional demands 

Metrics Annex III 

Unit of measurement [0 - 1] 

Measurement boundaries (1) Farming stage (2) Processing stage 

Type Minimization 

Minimum requirements n.a. 

Notes 
Categories of workers include unpaid labour (farm owner, family members) and hired 

labour. 

Reference 

Adapted from: 

Eurofound (2016b). Sixth European Working Conditions Survey – Overview Report. 

Luxembourg: Publications Office of the European Union.  

Horodnic, Ioana Alexandra, and Colin C. Williams. "Evaluating the working conditions 

of the dependent self-employed." International Journal of Entrepreneurial Behavior & 

Research (2019). 

Table AII.32 – Work intensity index 

 

S-4 Family labour  

Domain Social 

Theme Labour 

Description 
It measures the percentage of work done by unpaid family members over the total 

work performed 

Metrics 
[Hours worked by family members/Total hours worked (family members + hired 

labour)] * 100 

Unit of measurement [%] 

Measurement boundaries (1) Farming stage 

Type n.a. 

Minimum requirements Customized goal 

Notes  

Reference 
El-Osta, H. S., & Ahearn, M. C. (1996). Estimating the opportunity cost of unpaid farm 

labor for US farm operators (No. 1488-2016-123642). 

Table AII.33 –Family labour 
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S-5 Income per worker compared with national minimum wage 

Domain Social 

Theme Labour 

Description 
It measures the percentage variation of income of the lowest paid worker (+/-) 

compared with the national legal minimum wage 

Metrics 
[(Hourly gross pay of the lowest paid worker - legal minimum wage)/ legal minimum 

wage] *100 

Unit of measurement [%] 

Measurement boundaries (1) Farming stage 

Type Maximization 

Minimum requirements 0% 

Notes  

Reference 

Zahm, F., Viaux, P., Vilain, L., Girardin, P., & Mouchet, C. (2008). Assessing farm 

sustainability with the IDEA method–from the concept of agriculture sustainability to 

case studies on farms. Sustainable development, 16(4), 271-281. 

Table AII.34 – Income per worker compared with national minimum wage 
 

S-6 Local workers  

Domain Social 

Theme Local community 

Description It measures the percentage of local workers on the total number of employees 

Metrics [Number of local workers/total number of employees] * 100 

Unit of measurement [%] 

Measurement boundaries (1) Farming stage, (2) Processing stage 

Type Customized goal 

Minimum requirements n.a. 

Notes 
The definition of the distance considered for the ‘local’ attribute is agreed with the SIP 

depending on the specific features of the area in which the company operates 

Reference 

Diazabakana, A., Latruffe, L., Bockstaller, C., Desjeux, Y., Finn, J., Kelly, E., Ryan, M., 

Uthes, S. (2014). A review of farm level indicators of sustainability with a focus on CAP 

and FADN. 

Table AII.35 – Local workers 
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S-7 Enhancement of cultural and landscape heritage 

Domain Social 

Theme Local community 

Description 
It describes the impact of agricultural activities on the cultural, spiritual and aesthetic 

heritage value  

Metrics Questionnaire to be developed  

Unit of measurement Qualitative evaluation (e.g., Likert scale) 

Measurement boundaries (1) Farming stage 

Type n.a. 

Minimum requirements n.a. 

Notes  

Reference 

van Cauwenbergh, N., Biala, K., Bielders, C., Brouckaert, V., Franchois, L., Garcia Cidad, 

V., Hermy, M., Mathijs, E., Muys, B., Reijnders, J., Sauvenier, X., Valckx, J., Vanclooster, 

M., van der Veken, B., Wauters, E., Peeters, A. (2007) SAFE—A hierarchical framework 

for assessing the sustainability of agricultural systems. Agriculture, Ecosystems & 

Environment, 120(2-4): 229-242. 

Table AII.36 –Enhancement of cultural and landscape heritage 

 

 

S-8 Farmers social involvement 

Domain Social 

Theme Involvement and participation 

Description It describes the level of social involvement of farmers 

Metrics Questionnaire to be developed  

Unit of measurement Qualitative scale (e.g., Likert Scale) 

Measurement boundaries (1) Farming stage 

Type n.a. 

Minimum requirements n.a. 

Notes  

Reference 
Lebacq, T., Baret, P. V., & Stilmant, D. (2013). Sustainability indicators for livestock 

farming. A review. Agronomy for sustainable development, 33(2), 311-327. 

Table AII.37 – Farmers social involvement 
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S-9 Meetings with stakeholders 

Domain Social 

Theme Involvement and participation 

Description It measures the interaction with relevant stakeholders in a year 

Metrics [Total number of meetings with stakeholders in a year] 

Unit of measurement [#] 

Measurement boundaries (1) Farming stage 

Type Customized goal 

Minimum requirements n.a. 

Notes 
Stakeholders include community, neighbours, employee representatives, consumer 

representatives, etc. 

Reference 

Neri, A., Cagno, E., Lepri, M., & Trianni, A. (2021). A triple bottom line balanced set of 

key performance indicators to measure the sustainability performance of industrial 

supply chains. Sustainable Production and Consumption, 26, 648-691. 

Table AII.38 – Meetings with stakeholders 

 

 

S-10 Spending on local suppliers 

Domain Social 

Theme Procurement 

Description It measures the proportion of spending on local suppliers 

Metrics [Procurement budget spent on local suppliers/Total Budget] * 100 

Unit of measurement [%] 

Measurement boundaries (1) Processing stage 

Type Customized goal 

Minimum requirements n.a. 

Notes  

Reference GRI Standards (2016) GRI 204: Procurement Practices 2016. 

Table AII.39 – Spending on local suppliers 
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S-11 Suppliers screened using social criteria 

Domain Social 

Theme Procurement 

Description It measures the percentage of suppliers that were screened using social criteria 

Metrics [New suppliers screened using social criteria/Total number of new suppliers] * 100 

Unit of measurement [%] 

Measurement boundaries  (1) Processing stage 

Type Maximization 

Minimum requirements n.a. 

Notes  

Reference  GRI Standards (2016) GRI 414: Supplier Social Assessment 2016.  

Table AII.40 –Suppliers screened using social criteria 
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S-12 Information on labels 

Domain Social 

Theme Transparency 

Description It describes the information on food labels 

Metrics [Amount of information on the food label in addition to mandatory information] 

Unit of measurement [#] 

Measurement boundaries (1) Processing stage 

Type n.a. 

Minimum requirements Comply with EU regulations on labelling 

Notes 

Type of attributes displayed on food labels: 

• Price  

• Brand 

• Nutritional properties  

• Place of provenance 

• Home storage and preparation information 

• Traditional food  

• Easy meal preparation  

• Promotions  

• Expiration date  

• Ingredients 

• Nutritional values  

• Country of origin  

• Kilocalories content  

• Regional product 3. 

• GMO content  

• Organic production  

• Fair trade product  

• Probiotic product  

• PDO and GPI certification  

• Organic certification  

• Traceability  

• Carbon footprint  

• Water footprint  

• Recyclable packaging  

• Environment friendly techniques 

• Short chain 

• Ethical company policies  

• Production Methods 

• Type of rearing  

• Animal feed  

Reference 

Ingrassia, M., Bacarella, S., Columba, P., Altamore, L., & Chironi, S. (2017). Traceability 

and labelling of food products from the consumer perspective. Chemical Engineering 

Transactions, 58, 865-870. 

Table AII.41 – Information on labels 
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S-13 Sustainability certifications and labels  

Domain Social 

Theme Transparency 

Description It measures the number of certification and labels  

Metrics [Total number of certifications and labels] 

Unit of measurement [#] 

Measurement boundaries (1) Farming stage, (2) Processing stage 

Type Maximization 

Minimum requirements n.a. 

Notes 

Examples of sustainability certifications may include: 

• Rainforest alliance – UTZ certification 

• Fairtrade certification 

• BRC-food certification 

• IFS food certification 

• PDO (protected designation of origin) and IGP (protected geographical 

indication)  

• Organic certification 

• … 

Reference 
A more complete reference is available at this link: 

http://www.ecolabelindex.com/ecolabels/ 

Table AII.42 –Sustainability certifications and labels acquired 

 

 

S-14 Investment in fair trade products and social products 

Domain Social 

Theme Philanthropic investment 

Description 
It represents investments on fair trade products and social products that can improve 

the general condition of society 

Metrics [(Investment in fair trade products and social products)/Total sales revenue] * 100 

Unit of measurement [%] 

Measurement boundaries (1) Processing stage 

Type Maximization 

Minimum requirements n.a. 

Notes  

Reference 

Neri, A., Cagno, E., Lepri, M., & Trianni, A. (2021). A triple bottom line balanced set of 

key performance indicators to measure the sustainability performance of industrial 

supply chains. Sustainable Production and Consumption, 26, 648-691. 

Table AII.43 –Investment in fair trade products, charitable activities, social products 

http://www.ecolabelindex.com/ecolabels/
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S-15 Technology acceptance 

Domain Social 

Theme Labour 

Description 
It measures the extent to which technology is perceived as useful for farmers’ 

operations 

Metrics Annex IV 

Unit of measurement [1-5] 

Measurement boundaries (1) Farming stage 

Type Maximisation 

Minimum requirements n.a. 

Notes  

Reference 

Adapted from: 

Aubert BA, Schroeder A, Grimaudo J (2012). IT as enabler of sustainable farming: An 

empirical analysis of farmers' adoption decision of precision agriculture technology. 

Decision support systems, 54(1), 510-520. 
Table AII.44 – Technology acceptance  

 



91 

 D1.10 Sustainable Innovation Framework Final Booklet 

 This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 101000594 
 

Annex III: Perceived food quality 

The questionnaire on perceived food quality has been developed by PoliMi building upon the work carried 

out by the Smart Agrifood Observatory of the School of Management of the Politecnico di Milano and of the 

Laboratorio RISE of Università degli Studi di Brescia (Osservatorio Smart Agrifood, 2017). It consists in a list 

of questions to be customised based on the specific characteristics of the product under evaluation by 

modifying the proposed general questions and/or by adding more focused questions. 

 

The questionnaire is composed by two parts: 

• Part A is based on 5-point Likert scale questions that provide information on the weight attributed 

to different aspects that are linked to the quality of a GENERIC PRODUCT (e.g., wine, tomatoes, etc.).  

• Part B is dedicated to collect feedbacks on how good is the SPECIFIC PRODUCT X (e.g., the wine 

produced by a specific company) with respect to the different aspects linked to food quality outlined 

in PART A. A rating scale from 1 to 10 is suggested for the evaluation, where 1 represents the lowest 

value and 10 the highest value. 

 

The final index is a numeric score ranging from 1 (product quality perceived as low) to 10 (product quality 

perceived as high) that is obtained as a weighted average of the ratings provided in Part B and the relative 

weights assigned in Part A of the questionnaire. Scores assigned in PART A were rescaled in a range from 0 

to 2, with 0 corresponding to answers equal to “not important”, “strongly disagree”, “disagree”, that to do 

not contribute to the final score on perceived food quality.  

 

Note: the expression “GENERIC PRODUCT” should be replaced with the type of product (e.g., wine, tomatoes, 

etc.), while the expression “SPECIFIC PRODUCT X” should be replaced with the name of the specific product 

under evaluation (e.g., the wine produced by a specific company) 

 

Part A 
1. Food safety 

1.1. How important is the fact that the concentration of heavy metals, agrochemical residues, additives 

and preservatives is even below the limits set by law for the quality of a GENERIC PRODUCT?  

• 1 = not important 

• 2 = slightly important 

• 3 = moderately important  

• 4 = important 

• 5 = very important 

2. Health and nutritional aspects 

2.1. How important are nutritional aspects such as calories and nutrients composition for the quality of 

a GENERIC PRODUCT? 

• 1 = not important 

• 2 = slightly important 

• 3 = moderately important  

• 4 = important 

• 5 = very important 

2.2. How important are health claims when evaluating the quality of a GENERIC PRODUCT? 

• 1 = not important 

• 2 = slightly important 

• 3 = moderately important  
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• 4 = important 

• 5 = very important 

3. Sensory 

3.1. How important is the taste for the quality of a GENERIC PRODUCT? 

• 1 = not important 

• 2 = slightly important 

• 3 = moderately important  

• 4 = important 

• 5 = very important 

3.2. How important is the flavour for the quality a GENERIC PRODUCT? 

• 1 = not important 

• 2 = slightly important 

• 3 = moderately important  

• 4 = important 

• 5 = very important 

3.3. How important is the texture for the quality of a GENERIC PRODUCT? 

• 1 = not important 

• 2 = slightly important 

• 3 = moderately important  

• 4 = important 

• 5 = very important 

3.4. How important is the aspect (colour, shape, etc.) for the quality a GENERIC PRODUCT? 

• 1 = not important 

• 2 = slightly important 

• 3 = moderately important  

• 4 = important 

• 5 = very important 

Note: questions related to sensory could be personalised based on the characteristic of the generic product 

(e.g., for wine questions might be related to alcohol content, variety, taste, aroma, colour). 

4. Brand economic factors 

4.1. The packaging of a GENERIC PRODUCT influences its quality. 

• 1 = strongly disagree 

• 2 = disagree 

• 3 = neither agree nor disagree 

• 4 = agree 

• 5 = strongly agree 

4.2. The brand reputation of the producer influences the quality of a GENERIC PRODUCT. 

• 1 = strongly disagree 

• 2 = disagree 

• 3 = neither agree nor disagree 

• 4 = agree 

• 5 = strongly agree 

4.3. The quality of a GENERIC PRODUCT is influenced by the sale channels through which is sold. 

• 1 = strongly disagree 

• 2 = disagree 

• 3 = neither agree nor disagree 
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• 4 = agree 

• 5 = strongly agree 

4.4. The quality of a GENERIC PRODUCT is influenced by the advertising campaigns. 

• 1 = strongly disagree 

• 2 = disagree 

• 3 = neither agree nor disagree 

• 4 = agree 

• 5 = strongly agree 

5. Provenance 

5.1. The fact that a GENERIC PRODUCT is produced in a specific area with links to traditions and local 

communities increase its quality? 

• 1 = strongly disagree 

• 2 = disagree 

• 3 = neither agree nor disagree 

• 4 = agree 

• 5 = strongly agree 

5.2. The quality of a GENERIC PRODUCT increases if the consumer has access to information on its 

provenance and production processes (e.g., information on who is the farmer producing the raw 

material, where it was produced, what agricultural practices were used, etc.)? 

• 1 = strongly disagree 

• 2 = disagree 

• 3 = neither agree nor disagree 

• 4 = agree 

• 5 = strongly agree 

6. Production methods 

6.1. The use of innovative technologies increases the quality of a GENERIC PRODUCT. 

• 1 = strongly disagree 

• 2 = disagree 

• 3 = neither agree nor disagree 

• 4 = agree 

• 5 = strongly agree 

Note: specific technologies used for the production of a GENERIC PRODUCT should be mentioned here (e.g., 

for wine questions might be related to mechanical harvesting vs. hand-picking etc.). 

7. Ethics 

7.1. A GENERIC PRODUCT has a higher quality if produced with attention towards environmental impacts 

(e.g., low CO2 emissions, low input use, attention towards biodiversity etc.). 

• 1 = strongly disagree 

• 2 = disagree 

• 3 = neither agree nor disagree 

• 4 = agree 

• 5 = strongly agree 

7.2. A GENERIC PRODUCT has a higher quality if produced with attention towards social impacts (e.g., 

labour conditions, local communities etc.)? 

• 1 = strongly disagree 

• 2 = disagree 

• 3 = neither agree nor disagree 

• 4 = agree 
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• 5 = strongly agree 

7.3. (Optional) A GENERIC PRODUCT has a higher quality if it supports the economic sustainability of 

farmers (e.g., fair salaries/remunerations). 

• 1 = strongly disagree 

• 2 = disagree 

• 3 = neither agree nor disagree 

• 4 = agree 

• 5 = strongly agree 

 

Part B 

1. Food safety 

1.1. On a scale from 1 to 10, how much do you think the SPECIFIC PRODUCT X is safe with respect to 

heavy metals, agrochemical residues, food additives etc.? (1= not safe, 10 = very safe) 

2. Health and nutritional aspects 

2.1. On a scale from 1 to 10, how do you rate the nutritional profile (calories, fats, proteins, vitamins, 

etc.) of the SPECIFIC PRODUCT X? (1= poor nutritional composition, 10 = very good nutritional 

composition) 

2.2. On a scale from 1 to 10, how much do you think the SPECIFIC PRODUCT X is healthy? (1= not healthy, 

10 = very healthy) 

3. Sensory 

3.1. On a scale from 1 to 10, how do you rate the taste of the SPECIFIC PRODUCT X? (1= very bad taste, 

10 = very good taste) 

3.2. On a scale from 1 to 10, how do you rate the flavour of the SPECIFIC PRODUCT X? (1= very bad 

flavour, 10 = very good flavour) 

3.3. On a scale from 1 to 10, how do you rate the texture of the SPECIFIC PRODUCT X? (1= very bad 

texture, 10 = very good texture) 

3.4. On a scale from 1 to 10, how do you rate the aspect (colour, shape) of the SPECIFIC PRODUCT X? (1= 

very bad aspect, 10 = very good aspect) 

4. Brand economic factors 

4.1. On a scale from 1 to 10, how do you rate the packaging of the SPECIFIC PRODUCT X? (1= poor 

packaging, 10 = very nice packaging) 

4.2. On a scale from 1 to 10, how much do you appreciate the company producing the SPECIFIC PRODUCT 

X? (1= I do not appreciate the company, 10 = I love the company) 

4.3. On a scale from 1 to 10, how much do you think the SPECIFIC PRODUCT X is sold through the right 

channels? (1 = product sold through the wrong channels, 10 = perfect channel distribution strategy) 

4.4. On a scale from 1 to 10, how effective is the advertising campaign of the SPECIFIC PRODUCT X? (1 = 

not effective, 10 = very effective) 

5. Provenance 

5.1. On a scale from 1 to 10, how strong is the link between the SPECIFIC PRODUCT X and its area of 

production and local traditions? (1= product not linked to the area of production, 10 = strong link to 

the area of production) 

5.2. On a scale from 1 to 10, how much do you know about the provenance and production methods of 

the SPECIFIC PRODUCT X? (1= no information at all, 10 = detailed information from farm to fork) 

6. Production methods 

6.1. On a scale from 1 to 10, to what extent is the SPECIFIC PRODUCT X produced with new and advanced 

technologies? (1= no use of advanced technologies, 10 = intensive use of the most advanced 

technologies) 
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7. Ethics 

7.1. On a scale from 1 to 10, to what extent do you think the production of the SPECIFIC PRODUCT X is 

based on environmentally friendly practices (e.g., low CO2 emissions, low input use, attention 

towards biodiversity etc.)? (1= no attention towards environmental impacts in the production 

process, 10 = great attention towards environmental impacts in the production process) 

7.2. On a scale from 1 to 10, to what extent do you think the production of the SPECIFIC PRODUCT X is 

attentive to social impacts (e.g., labour conditions, local communities etc.)? (1= no attention 

towards social impacts in the production process, 10 = great attention towards social impacts in the 

production process) 

7.3. (Optional) On a scale from 1 to 10, to what extent do you think the SPECIFIC PRODUCT X is supporting 

the economic sustainability of farmers (e.g., fair salaries/remunerations)? (1= little support, 10 = 

great support) 
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Annex III: Working conditions index 

The Working Conditions Index has been developed by PoliMi combining and adapting a different set of singles 

indexes proposed by Eurofound (2016) and Horodnic and Williams (2019). The final index is a numerical value 

ranging from 0 (very poor working conditions) to 1 (very good working conditions) representing the average 

of the scores of the four sub-indices “Physical environment Index”, “Work Intensity Index”, “Work time 

quality” and “Skills and discretion index”. 

 

Note: Most of the scores range from the values indicated between brackets. There are instead questions for 

which only yes or no is allowed. 

 

Physical environment Index 
1. Physical environment 

1.1. Are you exposed to vibrations from hand tools, machinery (1 = never, 7 = all of the time)? 

1.2. Are you exposed to noise so loud that you would have to raise your voice to talk to people (1 = 

never, 7 = all of the time)? 

1.3. Are you exposed to high temperatures which make you perspire even when not working (1 = never, 

7 = all of the time)? 

1.4. Are you exposed to low temperatures whether indoors or outdoors (1 = never, 7 = all of the time)? 

1.5. Are you exposed to breathing in smoke, fumes (such as welding or (1 = never, 7 = all of the time) 

exhaust fumes), powder or dust (such as wood dust or mineral dust)? 

1.6. Are you exposed to breathing in vapours, such as solvents and thinners (1 = never, 7 = all of the 

time)? 

1.7. Are you exposed to handling or being in skin contact with chemical products or substances (1 = 

never, 7 = all of the time)? 

1.8. Are you exposed to handling or being in direct contact with materials which could be infectious, 

such as waste, bodily fluids, laboratory materials, etc. (1 = never, 7 = all of the time)? 

1.9. Does your main paid job involve tiring or painful positions (1 = never, 7 = all of the time)? 

1.10. Does your main paid job involve lifting or moving people (1 = never, 7 = all of the time)? 

1.11. Does your main paid job involve carrying or moving heavy loads (1 = never, 7 = all of the time)? 

1.12. Does your main paid job involve repetitive hand or arm movements (1 = never, 7 = all of the time)? 

 

Work Intensity Index 
2. Quantitative demands 

2.1. Working at very high speed (1 = never, 7 = all of the time)? 

2.2. Working to tight deadlines (1 = never, 7 = all of the time)? 

2.3. Enough time to get the job done (1 = never, 7 = all of the time)? 

2.4. Frequent disruptive interruptions (1 = never, 7 = all of the time)? 

3. Pace determinants and interdependency 

3.1. Work pace dependent on work done by colleagues (1 = yes, 0 = no). 

3.2. Direct demands from people such as customers, pupils, patients (1 = yes, 0 = no). 

3.3. Numerical production targets or performance targets (1 = yes, 0 = no). 

3.4. Automatic speed of a machine or movement of a product (1 = yes, 0 = no). 

3.5. Direct control of your boss (1 = yes, 0 = no). 

3.6. Three or more (of the above) pace determinants selected (1 = yes, 0 = no). 

4. Emotional demands  

4.1. Does your job involve handling angry clients, customers etc, or being in situation that are 

emotionally disturbing (1 = never, 7 = all of the time)? 
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4.2. Your job requires to handle your feelings (1 = never, 7 = all of the time). 

 

Work time quality 
5. Duration 

5.1. Long working hours (48 hours or more a week) (0 = always, 1 = often, 2 = sometimes, 3 = occasionally, 

4 = never). 

5.2. No recovery period (less than 11 hours between two working days) (0 = always, 1 = often, 2 = 

sometimes, 3 = occasionally, 4 = never). 

5.3. Long working days (10 hours or more a day) (0 = always, 1 = often, 2 = sometimes, 3 = occasionally, 

4 = never). 

6. Atypical working time 

6.1. Night work (0 = always, 1 = often, 2 = sometimes, 3 = occasionally, 4 = never). 

6.2. Saturday work (0 = always, 1 = often, 2 = sometimes, 3 = occasionally, 4 = never). 

6.3. Sunday work (0 = always, 1 = often, 2 = sometimes, 3 = occasionally, 4 = never). 

7. Flexibility 

7.1. Very easy to arrange to take an hour off (from 1 = very difficult to 4 = very easy). 

7.2. Work in free time to meet work demands (1 = daily, 2 = often, 3 = sometimes, 4 = occasionally, 5 = 

never). 

 

Skills and discretion index 
8. Cognitive dimension 

8.1. Solving unforeseen problems (1 = yes, 0 = no). 

8.2. Carrying out complex tasks (1 = yes, 0 = no). 

8.3. Learning new things (1 = yes, 0 = no). 

8.4. Working with computers, smartphones and laptops, etc.   (1 = never, 7 = all of the time). 

8.5. Ability to apply your own ideas in work (1 = never, 7 = all of the time). 

9. Decision making 

9.1. Ability to choose or change order of tasks (1 = yes, 0 = no). 

9.2. Ability to choose or change speed or rate of work (1 = yes, 0 = no). 

9.3. Ability to choose or change methods of work (1 = yes, 0 = no). 

9.4. Having a say in choice of work colleagues (1 = never, 7 = always). 

10. Organisational participation 

10.1. Consulted before objectives are set for own work (1 = never, 7 = always). 

10.2. Involved in improving the work organisation or work processes of own department or organisation 

(1 = never, 7 = always). 

10.3. Ability to influence decisions that are important for your work (1 = never, 7 = always). 
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Annex IV: Technology acceptance 

The questionnaire was developed building upon the work of Aubert et al. (2012) and integrating the inputs 

received from the Ploutos team working on data-driven technological innovations (WP4), given their specific 

expertise on the topic.  

The final score, ranging from 1 (technology perceived as useless) to 5 (technology perceived as very useful), 

is computed as the average of the 19 questions. 

5-point likert scale 

Agreement 

1 = Strongly disagree 

2 = Disagree 

3 = Neither agree nor disagree 

4 = Agree  

5 = Strongly agree 

 

Baseline assessment: expectations on the use of Ploutos data-driven technologies. 

In progress/final assessment: evaluation on the use of Ploutos data-driven technologies. 

 

Note: the generic expression “Ploutos data-driven technologies” should be replaced by the name of the 

specific technology that farmers will adopt within the Ploutos project. It is, therefore, specific for each SIP.  

 

1. Compatibility 

1.1. Using Ploutos data-driven technologies is compatible with most aspects of my work (machinery, 

food production, track & trace, product information, etc.): 1 = Strongly disagree, 2 =disagree, 3 = 

Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

1.2. Using Ploutos data-driven technologies fits well with the way I would like to work: 1 = Strongly 

disagree, 2 =disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

2. Ease of use 

2.1. I clearly understand how to use Ploutos data-driven technologies: 1 = Strongly disagree, 2 =disagree, 

3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

2.2. It is easy to perform work using Ploutos data-driven technologies: 1 = Strongly disagree, 2 

=disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

2.3. It is easy for me to complete my tasks with the Ploutos data-driven technologies: 1 = Strongly 

disagree, 2 =disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

3. Information 

3.1. Ploutos data-driven technologies provide the information I need to complete my tasks: 1 = Strongly 

disagree, 2 =disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

3.2. I can easily find useful information for my tasks thanks to the Ploutos data-driven technologies: 1 = 

Strongly disagree, 2 =disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

4. Observability  

4.1. I have no difficulty telling others about what are the benefits of adopting Ploutos data-driven 

technologies: 1 = Strongly disagree, 2 =disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = 

Strongly agree. 

5. Operator's knowledge 

5.1. I can easily explain Ploutos data-driven technologies is good: 1 = Strongly disagree, 2 =disagree, 3 = 

Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 
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5.2. My capabilities to use computer software and apply Ploutos data-driven technologies are good: 1 

= Strongly disagree, 2 =disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

6. Perceived resources 

6.1. I have the resources and knowledge for using Ploutos data-driven technologies: 1 = Strongly 

disagree, 2 =disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

6.2. There are no barriers to me using Ploutos data-driven technologies: 1 = Strongly disagree, 2 

=disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

7. Perceived usefulness  

7.1. In general, when performing my work, Ploutos data-driven technologies are important: 1 = Strongly 

disagree, 2 =disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

7.2. Ploutos data-driven technologies allow me to be more efficient (performing my work with the least 

waste of time and effort) and more effective (achieving the expected results): 1 = Strongly disagree, 

2 =disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

8. Quality of support 

8.1. It is easy to get support for Ploutos data-driven technologies: 1 = Strongly disagree, 2 =disagree, 3 

= Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

8.2. The people providing support for Ploutos data-driven technologies have the required knowledge to 

answer my questions: 1 = Strongly disagree, 2 =disagree, 3 = Neither agree nor disagree, 4 = Agree, 

5 = Strongly agree. 

8.3. I feel that the people providing support for Ploutos data-driven technologies work in my best 

interest: 1 = Strongly disagree, 2 =disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly 

agree. 

9. Relative advantage 

9.1. Using Ploutos data-driven technology increases my productivity: 1 = Strongly disagree, 2 =disagree, 

3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 

9.2. Using Ploutos data-driven technologies gives me better information on which to base decisions: 1 

= Strongly disagree, 2 =disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree. 
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