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Abstract 

Purpose – Supporting effective business services provision along the life-cycle of complex service-enhanced 

products, such as the case of solar power plants, and exploring collaborative approaches for multi-stakeholder 

business services.  

Design/methodology/approach – Design and implementation of adequate collaboration strategies and cloud-based 

support mechanisms to facilitate creation and management of collaborative networks in this sector. For this purpose, 

a conceptual framework, a cloud-based platform and a set of collaboration support tools are proposed. Validation is 

based on a pilot implementation and interactions with a large group of end-users. 

Findings – Validation results confirmed the suitability of the collaborative networks approach in this sector, which 

often involves multiple small and medium size enterprises. Proposed tools and mechanisms also got a high 

acceptance level. 

Originality/value – The interplay between long-term strategic networks and goal-oriented collaborative networks 

and their interaction with the various phases of the product-services life cycle correspond to a novel approach in this 

sector, traditionally focused on a sub-contracting model. This opens new opportunities for enhancing the value of 

complex products through collaborative value-added services. Of particular relevance is also the adoption of 

collaborative approaches for service co-creation. Results can be applied to ther sectors such as intelligent buildings. 
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1. Introduction 

 

Photovoltaic (PV) installations represent one of the fastest growing sectors in the area of renewable energy 

technologies (IRENA, 2012; Tyagi et al., 2013; Candelise et al., 2013). Progress on the PV technology, namely in 

terms of increased efficiency and cost reduction, combined with government incentives, is leading to a rapid 

expansion of the installed capacity. The market growth was initially led by the European Union, with particular 

relevance to the German and Italian markets, but is now becoming relevant in other markets (e.g. USA, China, India) 

(IRENA, 2012; Sharda et al., 2014). Encompassing this growth, the associated operation and maintenance (O&M) 

activities become more relevant to enhance systems performance and ultimately ensure their economic viability 

(EPRI, 2010; Shapiro et al., 2014; Jones et al., 2014). As such, a growing number of business services are emerging 

in support of the life-cycle of the PV power plants. This is well in line with the notion of service-enhanced products 

or product-service systems initially developed in the manufacturing sector (Dahmani et al., 2013; Lüftenegger et al., 

2013; Camarinha-Matos et al., 2014). 

The motivation for service-enhanced products is that customers increasingly want more than just the physical 

product. In addition to the product functionality, the customer might look for associated financing and insurance 

options, expertise to install / configure it, especially in the case of complex and highly customized products, support 

to operate and maintain it during its life-cycle, advice on how to maximize returns from investment, training, etc. 

(Shen, 2010). Such services add value to the product, providing a differentiation factor, and often creating new 

business opportunities (Bitner and Brown, 2006), (Chalal et al., 2015). Once more and more business services 

become associated to products, the idea of combining them together leading to the notion of composite business 

service, seen as a collection of related and integrated business services that provide a specific solution, emerged 

(Camarinha-Matos et al., 2014). Being the simpler services provided by different organizations, the idea of 

composite business service implicitly requires the collaboration of various stakeholders for effective service 

provision.  

On the other hand, a business service typically involves a number of activities that can be orchestrated through a 

business process. Those activities can involve a combination of both manual tasks and automated activities 

performed by software services. Furthermore, recent progress on Information and Communication Technologies 

(ICT), namely in the areas of Internet of Things, Mobile Computing, and Cloud Computing, provide important 

enablers for remote service provision, which is particularly relevant for the operation and maintenance of solar power 



plants. In this context, it is necessary and timely to develop suitable frameworks, platforms and associated tools to 

support collaborative enterprise networks involved in the life-cycle of complex service-enhanced products. 

Although vast literature report on collaborative networks applications in manufacturing, e.g. (Camarinha-Matos, 

2009), (Shamsuzzoha et al., 2009), (Durugbo 2015, 2016) there is a lack of effective support to complex products 

involving the interplay of multiple networks along products’ life-cycle. Our work addresses this challenge by 

investigating the following research questions: 

 Which types of collaborative enterprise networks play a role in serving complex products? 

 What can be a suitable collaboration support platform for the interplay of strategic and goal-oriented 

networks? 

 How can new business services be co-created in a collaborative networks context? 

In order to answer these questions, the adopted research method includes a systematic analysis of needs and 

elaboration of a conceptual framework (hypotheses formulation), design and development of a cloud-based platform 

and collaboration support mechanisms, and validation through a pilot case study. 

After a brief analysis of the emerging business services along the life-cycle of a PV power plant, this article 

contributes to the literature with a validated proposal for a cloud-based environment to support effective 

collaboration among the various stakeholders involved in service provision. The article also contributes with 

supporting mechanisms for consortia formation and negotiation, service co-design, and network monitoring. This 

work was developed in the framework of GloNet, a European 3.5 years research project (Camarinha-Matos et al. 

2015), which focused on designing, developing, and deploying an agile virtual enterprise environment for networks 

of small and medium size enterprise (SMEs) involved in highly customized and service-enhanced solar power plants. 

 

2. Business services along the solar plant life-cycle 

 

Given the multi-disciplinary nature of this work, this section provides a brief background overview in order to set 

the application context. On the other hand, although there is a growing body of literature on product-service systems, 

most works remain at a rather conceptual level, being difficult to find concrete examples of business services 

enhancing the product. Therefore, in the first stage of this research, an effort was made, in interaction with end-users, 

to identify and categorize business services that are relevant to solar plants. 



The life-cycle of a PV power plant can be summarized in three main phases – project phase, exploitation phase, 

and end-of-life phase – as illustrated in Fig. 1. Although this is a young area, there are already plenty of services 

offered by a variety of market actors in this domain, and covering all phases of the life-cycle. 

 

 

 

 

Fig. 1.  Main phases of the solar power plant life-cycle 

 

The first three steps of Fig.1 (project phase) are the ones that actually lead to the construction of the power plant, 

and typically span over 1 or 2 years. For this phase, a considerable number of planning, engineering, and auxiliary 

services are offered, mainly by the EPCs (Engineering, Procurement, and Construction) companies and their 

associated partners. This is perhaps the most structured phase, in which the roles and scope of the various 

stakeholders are well defined. But the services in this phase correspond to “one shot” activities and not what is 

typically meant by “services enhancing the product”. In fact, these services are delivered before the product exists or 

in the process of its production. 

The exploitation phase of the PV power plant is likely to span over 20-25 years and thus it is in support of its 

Operation & Maintenance (O&M) that services enhancing the value of the facility can be more clearly identified. 

The number and variety of such services has been increasing in recent years (EPRI, 2010; Camarinha-Matos et al., 

2014). Some examples of existing and/or emerging services found through a field survey are illustrated in Fig. 2. 

 



 

Fig. 2.  Examples of business services during operation and maintenance phase 

 

While in the early stages, most governmental incentive programs were based on the announced (planned) 

capacity or installed costs, there has been a move towards payments based on the energy the plant actually produces 



(Paul and Bray, 2012). This is motivating owners and operators to focus on maximizing system output, while 

keeping O&M costs under control and thus leading to the emergence of new service offers. 

Complementarily, the need to pay more attention to the safety and reliability of the power plant in order to cope 

with regulations, insurance policies, and contractual obligations, is leading industry to seek more pro-active 

maintenance regimes. As such, there is a move from corrective maintenance that basically would address failures 

after they have occurred to preventive maintenance, and even condition-based maintenance, based on real-time data 

(Paul and Bray, 2012; Haney and Burstein, 2013; Keating et al., 2015). 

Nevertheless, in spite of recent progress, this area is less “structured” than the project phase, and several new 

services and business models (Schoettl and Lehmann-Ortega, 2011; Afsarmanesh and Thamburaj, 2012) are likely to 

emerge in the near future, also creating opportunities for new market entrants or allowing a repositioning of 

traditional stakeholders, e.g. utilities, in the value chain. Developments in the Information and Communication 

Technologies, namely Internet of Things, Cloud Computing, and Big Data, are likely to induce new services or 

higher levels of automation of current services provision. 

The end-of-life phase is, so far, the less supported, as existing PV power plants have not reached that stage yet. 

Nevertheless, some services for decommissioning and dismantling engineering, residual product utilization, site 

clearance and derelict land recycling start to emerge (Fthenakis and Kim, 2011). 

It shall be noted that although the power plant is expected to have a long operational life, many of its components 

have shorter life-cycles, due to normal deterioration of materials or even the need to adopt more efficient ones as 

technology progresses.  This requires intermediate renovation and recycling services, e.g. recycling of PV modules 

when old modules are replaced by more efficient ones (Fthenakis, 2000). 

 

 

3. A collaborative networks approach 

 

Project development and service provision in this sector still shows considerable fragmentation. The distributed 

nature of the solar power production has led to a market structure that so far has not strongly attracted the major 

utilities (Schoettl and Lehmann-Ortega, 2011). Rather it has attracted a good number of small new entrants that 

although showing a good agility to adapt to evolving technologies and market conditions, are limited in terms of the 

number of services each one can offer. This situation is typical in Europe, where many small and medium enterprises 

(SMEs) are active in the sector. 



Therefore, a composite service package that fits the needs of a given plant is likely to require contributions from 

different providers. On the other hand, from the customer side it is not desirable to deal with several contracts for 

non-integrated services, which also leads to an undesirable dilution of responsibilities. It is therefore necessary to 

consider new approaches in both organizational structures and associated business models (Schoettl and Lehmann-

Ortega, 2011). Offering multi-stakeholder integrated business services requires, in the background, the organization 

of a collaborative network to integrate and seamlessly provide those services (Camarinha-Matos et al., 2014), as 

illustrated in Fig. 3. 

 

Fig. 3.  Collaborative network support integrated services provision 

 

On the other hand, European SMEs active in the solar energy sector have been facing a growing pressure to 

expand to other markets, namely in those geographical regions (Asia, Latin America, Africa) where big investments 

in solar energy are starting. This pressure is a result of both the economic crisis and also the market saturation in 

some European regions. However, when SMEs try to enter different markets they face several barriers, some 

naturally coming from their small size, but also from the need to adapt to local specificities of the target market. 

These are additional motivating factors for the formation of collaborative enterprise networks in this sector. 

As it is well known in other sectors (e.g. manufacturing and services), the formation of alliances can provide 

SMEs with a larger (apparent) size (through sharing of resources) and agility (through combination of competencies) 

that let them more easily adapt to different market conditions (Camarinha-Matos, 2009; Romero et al., 2013; Zhu et 

al., 2016). Furthermore, the need to involve in solar projects both the customer and other local stakeholders close to 

the customer also re-enforces the need to create alliances. This idea is captured in the notion of glocal enterprise, 

which represents the capability of “thinking and acting globally, while being aware and responding adequately to 



local specificities” (Camarinha-Matos et al., 2013). E.g. difficulties with transportation logistics in some regions 

make establishment of collaboration links with local suppliers a vital condition for success. Also the need to cope 

with local regulations and cultural specificities strongly suggests the need for collaboration. 

Being PV solar plants highly customized systems, it is fundamental to involve the customer (and other local 

stakeholders) in the process of creation of new services and/or sub-systems. This is a process of co-creation / co-

innovation that also requires the formation of temporary collaborative teams to develop such new product / services. 

A considerable number of empirical studies are reported in the literature regarding the involvement of customers in 

the innovation process e.g. (Seifert, 2004; Carbonell et al., 2009). Many of these works however merely offer 

descriptions/enumerations of cases, providing little contribution to the needed systematic definition of processes, 

structures, and tools involved. A key challenge is to enable collaborative innovation through the involvement of a 

network of SMEs (manufacturers, designers, etc.) interacting with other stakeholders and customers (Romero and 

Molina, 2011). Unlike previous efforts focused on the interactions between one enterprise and its customers, the need 

in the solar energy sector and our proposal is to address a much more challenging scope of having the customer and 

its close stakeholders participating in networked collaboration and co-innovation. 

In this context, the research area of Collaborative Networks can provide relevant inputs for the re-organization of 

the solar energy sector (Camarinha-Matos, 2016). Among the multiple forms of collaborative networks, of particular 

relevance are the long-term strategic networks or Virtual organizations Breeding Environments (VBEs), and goal-

oriented networks, also known as Virtual Organizations or Virtual Enterprises (VO/VE). A VBE can be seen as the 

evolution of the more traditional concepts of business cluster or industry district, focused on offering its members the 

conditions and environment to support rapid formation of goal-oriented networks (e.g. virtual organizations / virtual 

enterprises), triggered by business opportunities. As a long-term alliance, it aims at helping its members to reach a 

high level of preparedness for collaboration through adopting common operating principles and infrastructures, and 

building mutual trust. A VO/VE typically represents a consortium (a subset of the VBE members) that joins skills 

and resources to better respond to a business opportunity and that dissolves after achieving their goal (Camarinha-

Matos et al., 2009). 

As identified in this research work, the solar energy sector, a VBE would typically involve project development 

companies, engineering, procurement and construction (EPC) companies, PV equipment suppliers, monitoring and 

control companies, construction and commissioning companies, etc. Additionally, supporting institutions such as 

research centers, training institutions, consultants, etc., may join this community. This long-term alliance constitutes 

the base for the acquisition of new customer orders / projects and the rapid formation of dedicated goal-oriented 



consortia to develop those projects. We could also consider a more specialized VBE composed only of stakeholders 

focused on the O&M servicing. As in other sectors (Camarinha-Matos et al., 2009), the benefits of joining such 

strategic network can include a wide variety of items: 

 Expand geographical coverage and increase activities/profit. 

 Increase chances when competing with larger companies. 

 Increase lobbying and market influence (joint branding/marketing). 

 Better negotiation power (e.g. joint purchasing of components, cheaper group insurance). 

 Improve potential of risk taking. 

 Increase potential for innovation through knowledge and resources sharing. 

 Build a portfolio of success stories and advertising. 

 Etc. 

Recent progress in ICT-based collaboration platforms and cloud-computing, as discussed in next section, 

constitute an enabler for knowledge sharing and collaboration among the network participants thus supporting our 

hypothesis. 

According to our findings, and addressing our first research question, associated to each power plant project, a 

number of goal-oriented networks might be launched, e.g.: 

- Plant development network – a dynamic (temporary) VO involved in the development of the physical power 

plant and design of associated business services. This consortium would typically include: Project 

development companies, EPC, PV equipment manufacturers, Construction & Commissioning companies, 

Monitoring & Control companies, Lending organization, Insurance company, etc., and would dissolve after 

the commissioning phase. 

- Service co-creation network – a dynamic (temporary) virtual organization (VO) involved in the design and 

development of new business services associated to the power plant (to be delivered during the O&M phase). 

Creation of new business services typically requires a co-innovation process carried out by a temporary 

consortium involving a number of participants selected from the Core Solar Energy VBE, the customer, and 

also other stakeholders close to the customer. Various such networks might be launched during the project 

phase, but also during the exploitation phase, whenever the need for a new service is identified. 

- Plant servicing network – a long-term VO organized to provide integrated multi-stakeholder business services 

along the life-cycle of the power plant. An example of such network can include a monitoring and supervision 



company, maintenance companies, training provision entities, etc. This network needs to work in close 

interaction with the customer and other local stakeholders, namely regulators, utility companies, insurance 

companies, etc. 

A plant servicing VO might have (a few) members in common with the plant development VO or service co-

innovation VO, but typically corresponds to a different organizational structure. 

When taking the “glocal enterprise” perspective it is important to involve the customer and other local 

stakeholders close to the customer. In this context, one finding of this research is that the “recruitment space” for VO 

formation is not limited to the Core Solar Energy VBE, but it is extended with the space of the customer-related 

“community” (Fig. 4). This group might involve, besides the customer, other entities such as utilities, local 

regulators, lenders, insurance institutions, a variety of service and component providers, and some other support 

institutions. This group is usually not well organized and structured as a collaborative network, but shares some 

minimal bonds like geographical vicinity, business environment, legal framework, culture, etc. 

 

Fig. 4.  Strategic and goal-oriented networks 

 

When the VBE members want to invest in the long term in a specific market of a given region, it makes sense to 

extend the core VBE to a larger business ecosystem, involving local stakeholders of that region in the long-term 

alliance in order to acquire further projects. If the VBE is active in different markets, we can consider it as a core part 

of various extended business ecosystems, as illustrated in Fig. 4. 

VO
VO

Core Solar 
Energy VBE



 

4. Cloud-based collaboration support system 

 

Considering the described context, in order to support collaborative networks along the PV power plant life-

cycle, and addressing our second research question, a cloud-based collaborative environment was developed in the 

GloNet project. This environment takes advantage of cloud-computing, namely the scalability property and 

embedded security mechanisms, to support networks of SMEs. Fig. 5 shows the logical architecture of this 

collaborative environment, which comprises three main layers: 

 

 Cloud-based platform – which provides the basic cloud components as well as the services that support the 

development of the collaborative functionalities. 

 Collaborative networks environment – which provides a number of sub-systems and services to support both 

long-term strategic networks and goal-oriented networks.  

 Service-enhanced product support – comprising a set of functionalities to support iterative specification of 

products and services, including product / service registration, discovery, and recommendation. 

 

The cloud-based platform and the service-enhanced product support, which were developed by other partners of 

the GloNet project, are out of the scope of this paper; further information on these components might be found 

respectively in (Surajbali, 2013; Shafahi et al., 2014). The collaborative networks environment modules are 

highlighted in Fig. 5 and described in the following sub-sections. 

 



 

Fig. 5. GloNet cloud-based collaboration environment 

 

Supporting long-term strategic networks. The long-term strategic networks (or VBEs) aim to support collaboration 

among organizations which are currently involved in solar plants industry. Through the organization  of energy-

related VBEs the potential for collaboration among stakeholders’ increases, since they can join efforts, capabilities, 

and capacities, to better respond to opportunities found in the market. The main strategic purpose is to increase 

preparedness for collaboration of each member of the Core Solar Energy VBE. 

This system is divided in two main components: the VBE base management and the VBE advanced management. 

These components offer functionalities to manage member’s profiles and VBE’s competences, to support 

performance management, to assess the alignment of the value systems of the VBE members, and to facilitate trust 

building among those members.  

Fig. 6 shows the adapted i* Strategic Dependency model for long-term strategic networks management system, 

where the involved actors and sub-systems as well as their main dependencies and objectives are represented.  



 

VBE

Administrator

VBE 

Member

Leave VBE

Access to 

Members profileJoin VBE
Potential 

VBE 

Member

Facilitate 

trust building

VBE Value 

System Mgmt

Manage Value 

System

Manage Value 

System

 

 

 

Fig. 6.  Adapted i*/URN Strategic Dependency model for the long-term strategic networks management system 

 

Additional functionalities can progressively be added to this sub-system through the web-services connection 

mechanism of the platform. Members of a VBE can share information and knowledge assets through dedicated 

collaboration spaces where roles and visibility / access rights can be specified. 

 

Supporting goal-oriented networks. As mentioned above, different VOs can be created along the operational phase 

of the Core Solar Energy VBE, each one consisting of an association of organizations that join their competences to 

rapidly respond to a collaboration or business opportunity. Additional organizations can be added, namely local 

entities from the geographical region of the customer. This support system is divided in two main components: the 

VO Formation and VO Operation. In what concerns the VO Formation, it provides functionalities for consortia 

formation, negotiation support, co-creation support and e-notary and conservatory services. For VO operation, an 

emotional support system, which is still in an early stage of development, is provided, aiming to ensure the emotional 

health of the network. The implemented functionalities thus support: 

 

 VO Formation. VO or consortium formation comprises the selection of a set of partners that adequately fit the 

requirements of the business opportunity that triggered the formation of the VO. It also includes negotiation 



mechanisms that help the potential VO partners in the process of discussing topics related to the project 

specificities and towards reaching collaboration agreements (Oliveira, Camarinha-Matos, 2013). These VO 

agreements will be the base for the good functioning of the VO during its operational phase. In this context, 

Fig. 7 shows the VO formation process where 4 main steps are highlighted: 

 

A. Consortia generation. When an order for a new product or new integrated business service is received 

from the top layer of the architecture (the business opportunity that triggers the VO formation), the VO 

Planner initiates the creation process. An identification process is conducted to find a suitable set of 

VBE members, whose competences match the requirements. Considering all members that can satisfy 

each goal, a list of all possible VO combinations is generated automatically. As an optional 

functionality, there is also the possibility to manually impose some “mandatory” or “preferred” members 

in all possible consortia. 

B. Filtering and selection. Aiming at selecting the most adequate consortium out of the generated potential 

consortia list, the VO Planner has the possibility to evaluate the risk level of each one. The implemented 

risk criteria consist on inferring the alignment level of the value systems of potential partners, as well as 

their level of trustworthiness (Camarinha-Matos et al., 2015). Depending on the adopted criteria, the 

system provides a ranking of the potential consortia, being the final selection decision made by the VO 

Planner.  

C. Negotiation. After the selection of the potential VO partners, it is necessary to reach some agreements 

among them. This is done through a negotiation process that supports the participation of multiple 

stakeholders in the negotiation of several topics via a set of mechanisms that ensure privacy and 

confidentiality (virtual negotiation spaces). For each topic / clause that needs to be discussed and 

negotiated, the VO planner can invite a subset of (potential) partners into a specific negotiation space.  

D. Agreement generation. The agreement can be built following either a default or customized template. 

The agreement contains general information items agreed by all involved partners and also the specific 

clauses/topics agreed during the negotiation process conducted in the virtual negotiation spaces. The 

agreement is formalized in the form of a readable document which is digitally signed by all involved 

partners and by the VO Planner. 

 



The VO Planner can make use of the Electronic Notary and Conservatory Sub-system (eNotary) that provides 

mechanisms for digitally signing documents and the supports the possibility of exchanging agreements-related 

documentation with warranty of authenticity and validity. The eNotary provides in this way, a safe archive for VO 

agreements that might support the VO partners during the operation phase. 

 

Fig. 7.  Formation of goal-oriented VO process in a BPMN diagram 

 

 Co-creation processes. The co-creation of a new business service (our third research question) also requires the 

creation of a consortium.  

As an illustrative example, during the performance acceptance test phase of a solar plant in India, the issue of 

power loss due to accumulation of dirt on the solar panels, known as the soiling loss problem, became particularly 

relevant. The problem was amplified by the proximity to a desert area and the lack of water and local cleaning 

skillset. The amount of yield loss could be over 15~20%. The specific conditions found in this location, quite 

different from the experiences acquired in Europe by the European companies, forced the creation of a temporary, 

goal-oriented multi-stakeholder network, also involving the customer and local organizations, in order to design a 

solution for this problem – through a co-creation process. As a result a solution to monitor the loss through a 

reference system (Fig. 8) was developed, comprising two identical PV panels, positioned with the same inclination 

and on a similar structure as the rest of the power plant. One of them is cleaned daily, while the other one is left un-

cleaned.  
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Fig. 8.  Reference system for soiling loss 

 

By measuring the differential currents of the two panels (through a high accuracy DC current short-circuit 

method) and having the model of the panels, a measurement algorithm shows the “soiling loss” in % for the plant. In 

this way, a decision can be made on when to trigger the plant cleaning process, taking also into account the limited 

availability of water in the region. Although in the mentioned case the co-creation process did not involve ICT 

support but rather face-to-face interaction, it motivated the developed of a set of specific functionalities in GloNet to 

facilitate remote collaboration. 

The proposed mechanisms to form the co-creation team differ from the general VO formation case, since the 

involved participants are invited by the Team Mediator. In the negotiation phase, instead of providing free 

negotiation topics, the process is conducted via a service design methodology that guides the sequence of topics 

discussion and consequent agreement. 

 

Fig. 9. Co-creation process in a BPMN diagram 



 

As illustrated in Fig. 9, the involved participants in this process (including the customer) are initially chosen and 

then invited by the initiator of the co-creation process. After, a specialized iterative negotiation process is conducted, 

guided by a number of co-creation templates and following a suitable negotiation protocol (Oliveira and Camarinha-

Matos, 2014, 2015) which include:  

- Stakeholders mapping: to identify the relevant stakeholders that have to be considered for direct and indirect 

contact with the new business service; 

- User blueprint diagram: highlighting  what the customer of the new business service does; 

- Touchpoints blueprint: to identify the moments and places when the customer gets into direct contact with the 

new business service; 

- Service direct contact and Service back office blueprint: to detect what should be the behavior of the new 

business service staff; and 

- Means and Processes blueprint: to identify what else can be involved with the new business service. 

The co-creation process ends with the generation of an agreement that summarizes all previous negotiation 

iterations. 

 

 Emotional Support System. This component aims to promote a healthy and sustainable collaboration among all 

involved participants, through supervision of the emotional state of the collaborative network (Ferrada and 

Camarinha-Matos, 2015).  

It is known that emotions play an important role in what concerns the effective management of communications 

and interactions among participants. Furthermore, it cannot be forgotten that all the involved organizations are 

composed and maintained by people, and people cannot avoid the presence of emotions when interacting with 

each other. In this way, it is legitimate to assume that any contribution to keep the emotional equilibrium of the 

network will help in its sustainability and success rate. However, very little has been made in this direction. 

 

In this context, an emotional support system has been developed in GloNet assuming that a collective emotional 

state of the network may be inferred or estimated by taking into consideration several emotional evidences and the 

emotional state of each participating organization as well. One particular challenging issue is that this system shall 

use non-intrusive mechanisms to gather data, i.e. the collection of emotional evidences is made without requiring 

access to personal or delicate information. In the current implementation the following elements are considered: 



- Expectations (identified through questionnaires) 

- Performance data of network members 

- Past emotional states 

- Members satisfaction (identified through questionnaires) 

- Participations in goal-oriented networks 

- Amount of shared resources 

- Number / frequency of interactions among network members. 

The emotional state is estimated through a rule-based inference system. Each emotion (e.g. excitement, 

contentment, frustration, depression) is characterized by its valence (positive, negative), activation (active, passive), 

and intensity (weak, moderate, strong). 

 

Fig.10.  Emotional support process in a BPMN diagram 

 

Fig. 10 illustrates the emotional support process, which begins with the reception of the non-intrusive evidences 

that are collected from the network. Then emotional conclusions are formed and used as input either for estimating 

the individual member emotional state or the network emotional state (collective emotion). Finally, a 

recommendations process is conducted with the aim of giving support to the network manager, by suggesting a plan 

of actions to enhance the emotional performance of the network. These actions are simply suggestions and the 

decision to put them in practice belongs to the administrator.  

 

 

 



5. Pilot assessment 

 

Although the proposed system was developed as part of a research project and thus current implementation is a 

proof-of-concept prototype, an effort was made to assess it in a realistic business scenario through a pilot 

demonstrator. In order to guide the design and development of a realistic demonstrator, GloNet has selected a case 

study of the project of the Charanka solar park in Gujarat, India, a contemporary project in which the iPLON partner 

participated in the Operations and Maintenance system. The Charanka project started during the early phases of 

GloNet, when relevant research results were not available yet, and thus it was mostly implemented via the traditional 

methods in this sector. Only a small influence of GloNet could be noticed in terms of the use of the collaborative 

networks concepts to help iPLON structure its various partnerships under the notions of VBE and VE/VO. But the 

involved processes were essentially manual at that stage. Nevertheless, the available data, acquired experience and 

lessons learned which are recent and thus easily recalled, provided an important basis to help assessing the potential 

usefulness of adopting proposed approach in similar future projects. As such, the strategy was to use the Charanka 

solar park as a reference case and to replicate, through the use of GloNet results, some relevant business scenarios 

selected from this case and to compare them with the traditional approaches (Fig. 11).  

 

Fig. 11. Pilot implementation approach 

 

Both the collaborative networks conceptual framework and the developed set of methods and tools were used to 

implement a number of relevant business scenarios in this demonstrator in order to validate our research hypotheses 

(Fig. 12). Besides the tools described in previous section, other tools developed by other members of the GloNet 

consortium were also integrated in the demonstrator.  

 



 

Fig. 12. Pilot demonstrator structure 

 

Being this a case where a European SME expanded its business to another continent, in collaboration with local 

stakeholders, it also provided insights on the implementation of the glocal enterprise concept. 

In addition to the interactions with the end-users along the implementation process, the assessment also involved 

focused demonstration workshops with representative stakeholders and lead users from the solar energy sector (about 

40 companies). The overall assessment shows that the proposed approach and functionalities provided by GloNet 

make a very good fit with the identified needs. This was clearly recognized in the various evaluation steps and 

evidenced through a number of questionnaires filled in by the participating end-users. Examples of the opinions 

collected through questionnaires are summarized in Fig. 13 and Fig. 14. 
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Fig. 13. Some assessment results 

 

0,00% 0,00% 

25,00% 

58,33% 

16,67% 

1 2 3 4 5 
Agree 

Globally the Service Co-design negotiation 
support system fits its purpose 

0,00% 0,00% 

25,00% 25,00% 

50,00% 

1 2 3 4 5 
Agree 

The negotiation templates for the blueprints 
of the service design methodology and 

relevant stakeholders, are well organized 



 

Fig. 14 Fit-for-purpose assessment by end-users 

 

The proposed collaboration support tools were found to fit well the needs of the use cases, although some 

improvements in the user interface style could be considered when evolving to a commercial product. For instance, 

while the support for co-creation/co-design of new business services was well received and considered to follow a 

well-structured approach, end-users also suggested that a future commercial development should integrate Skype-

like tools. 

 

Lessons learned and implications for practice and society. As a result of the assessment process, a number of 

lessons learned and consolidated end-user opinions were collected, which can be synthetized as follows: 

 The conceptual framework for collaborative networks and service-enhanced products proposed by GloNet: 

- Offers solar energy SMEs the opportunity to implement new business models based on collaboration; 

- Certainly requires a change in the mind-set of companies operating in this sector, which are more used to 

sub-contracting relationships; 

- Offers SMEs the possibility of jointly providing more agile responses in dynamic market contexts, which 

represents an added value. 



 Effective implementation of the proposed solutions, as exemplified by the pilot demonstrator, requires an 

organizational transformation and a change in business practices in this sector. It also requires the establishment 

of new governance and sharing principles, which are particularly challenging when involving partners from 

different continents. Getting a proper level of understanding of the various roles and time span of the different 

networks involved in service-enhanced products requires considerable effort an time. 

 Nevertheless, it is clear that most software results of a research project are prototypes and that an additional 

engineering effort is needed in order to transform them into fully operational and robust products. One of the 

areas that need further attention in the productization
1
 phase, is the provision of more intuitive user interfaces 

and smooth links to other add-on Apps. 

 For end-users, and from the perspective of business continuity, the cloud-based approach provides various 

benefits but also raises some immediate concerns regarding inter-cloud portability (vendor lock-in). Initiatives 

to promote standardization at PaaS level would be highly desirable. 

 Proposed approach provides an effective way of implementing the glocal enterprise concept, allowing SMEs to 

expand into new markets in other regions, as it is the case of iPLON’s expansion to India. 

 In such enterprise networking environments, the issue of trust building assumes primary importance, which is 

also related to the governance and sharing principles. Transparency of processes and sharing of information are 

likely to contribute to trust building in these networks. 

 Handling multi-cultural issues in the case of global networks is particularly challenging. For instance, in the 

case of partnerships with India, issues such as cost, origin of technology (Indian partners tend to prefer Indian 

products), business practices and models, appeared as especially important. Also related to cultural issues, the 

adjustment of some facets of proposed tools could motivate new research directions. That is the case, for 

instance, of the “emotions support” tool, whose input parameters and reasoning mechanism would require 

further research and adaptation for the Indian context. 

Further to the presented solar energy case study, a smaller scale pilot was also developed for the sector of intelligent 

buildings in Denmark. The results and feedback gathered from end-users in this domain were quite similar to the 

solar energy case, which shows the potential for a wider applicability of the proposed approach and mechanisms. 

 

                                                           
1
 Act of modifying something to make it suitable as commercial product 

 



Future developments and implications to research. The proposed collaborative environment and the provided 

mechanisms for interaction with external systems (e.g. web services and data synchronization facilities) create the 

conditions for smooth development and integration of new services for the O&M phase. One of the areas that is 

likely to show greater progress is the monitoring and forecasting of energy production. 

Currently there is an increased demand from investors to lower technical risks and increase trust and confidence 

on PV plants as a secure investment, thus requiring more accurate performance data (Farnung et al., 2014). To 

support this objective, solar plants include a large number of sensors and Supervisory Control and Data Access 

(SCADA) systems, which allow collecting real-time data that can then be made available through Internet. As 

standards for safety and interoperability emerge and core functionalities of the Internet of Things are becoming 

widely available, access to such field data becomes facilitated. Data generated in a solar plant can easily amount for 

terabytes per week, which brings us to the context of Big Data. 

The implemented GloNet pilot allows using cloud-based storage for these sensor data, but advanced data 

analytics and new multi-perspective visualization techniques are needed to exploit these data. This will allow to 

better detecting when a system is underperforming and also identify which factors are responsible for the loss (e.g. 

inverter problems, soiling loss, equipment downtime, shading, weather conditions, etc.). Big data analytics 

techniques are likely to induce a new generation of intelligent monitoring and supervision services. An example in 

this direction can be found in (Jamshidi et al., 2015). In addition to the plant-originated data, it is important to also 

aggregate information from additional sources, e.g. irradiation data derived from satellite images, combined with 

other historical and real-time data from weather stations and other sources. 

Furthermore, these data-abundant contexts will allow the development of more accurate forecasts of power 

production, which is particularly important given the intermittent and uncontrollable nature of this renewable energy 

source. Such future developments also go in line with the recommendations of the Solar Electric Power Association 

(Letendre et al., 2014). 

 

 

6. Conclusions  

 

As energy costs and energy demands continue to rise, businesses need smarter energy management strategies as 

well as new business models and associated organizational structures. On the other hand, in order to face the 



challenges of market changes and globalization of the economy, SMEs active in this sector need to join efforts in 

order to acquire the size, agility, and resilience to operate in different geographical contexts. 

In this context, the collaborative enterprises networking approach, the notion of glocal enterprise, and the focus 

on multi-stakeholder integrated business services to enhance the value proposition associated to the power plants 

appear as very promising for future developments in this sector. The proposed solutions developed in this research 

work and demonstrated in the implemented pilot confirmed this expectation, and proved a very good fit with the 

identified needs. Furthermore, the developed pilot also contributed to point out new directions for achieving higher 

levels of effectiveness in the core business processes. Of particular relevance is the set of mechanisms, platform 

environment, and tools to support multi-stakeholder co-innovation in collaboration with the customer and local 

entities close to the customer. 
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