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Abstract

:

About 67% of workers employed in the industrial and service sectors in the European Union are currently contracted by Small- and Medium-sized Enterprises (SMEs), which represent the economic heart of the European economy. However, this strength is counterbalanced by a considerably higher overall accident rate compared to Large Enterprises (LEs), and this trend seems to be confirmed worldwide. Moreover, most available tools for risk assessment and occupational health and safety (OHS) management are originally designed to fit the needs of LEs, resulting in a gap for SMEs. Therefore, the effective management of OHS in SMEs has become a crucial issue for researchers, practitioners and policymakers, aiming to improve the social and economic sustainability of small companies. The main purpose of this study is to provide guidelines to implement effective risk assessment processes and integrate them with OHS management systems in SMEs. A literature analysis of risk assessment and OHS management in SMEs highlights the main findings and gaps. Then, the three-phases methodology adopted is presented, outlining the main steps and outputs of the project. Finally, the web-based software tool for OHS risk analysis and management, designed to answer the specific needs of SMEs, is presented.
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1. Introduction


Traditionally, researchers in the safety field are focusing on designing more effective occupational health and safety management systems (OHSMS) [1]: this is a critical topic especially for Small- and Medium-sized Enterprises (SMEs), with less than 50 employees. Since SMEs represent the heart of the European economy, employing about 67% of workers of the industrial and service sectors, an effective OHS management in SMEs would be essential to guarantee the social sustainability and economic wealth of European companies. This percentage increases in Italy (raising up to 80%), with SMEs representing 99.9% of the total number of companies [2]. Despite their strategic relevance, research shows that OHS management is much more successful in large enterprises (LEs), but it still represents a weakness in SMEs [1]. Furthermore, additional differences could be outlined between Small-scale Enterprises (SEs)—where the organization is based only on two actors, i.e., the owner and workers—and medium enterprises (MEs), where a more formal organization—also in OHS management process [3]—is more widespread. Several factors contribute to this condition. Firstly, the effort—defined in terms of time, money as well as competence—available in SMEs for managing safety and prevention is often limited [4]. As a consequence, internal knowledge about OHS is inadequate, as well as the safety culture, including problems and regulations. Secondarily, national legislations could appear complex to be fully applied by SMEs where broad obligations influence heavily their overall efficiency, resulting in more complicated management of legal compliance [5]. In addition, OHS legislation in several countries is based on a self-regulatory approach requiring enterprises to manage health and safety at the workplace but not to provide operational guidelines, thus forcing companies to adopt structured internal risk management systems [6]. Consequently, the limited availability of “tailor-made” tools for SMEs supporting their OHS management and performance evaluation processes is also contributing to the current ineffective condition [7,8,9], while most SMEs still adopt informal OHSMSs instead of formal ones [10,11].



By analyzing the Italian condition, the current legislation on OHS allows SMEs to adopt a simplified procedure for developing the risk assessment document—known in Italian as “Documento di Valutazione dei Rischi”, DVR—following a standardized process: the simplified DVR. A lack in providing to SMEs a simplified standard guideline for supporting both the risk assessment and the management process is still present: thus, a standardized OHS management system is not yet fully in place in Italian SMEs



The objective of this study is to present a web-based software tool for managing both processes—i.e., OHS assessment and management—developed specifically for SMEs: the tool aims to support companies in the safety assessment process using a simplified yet effective processes with management as well as in planning and tracking activities carried out to risk control and management. The tool has been developed through a 3-step methodology presented in Section 3, starting with a combined literature and market analysis that frames the main problems and barriers to OHS risk assessment and management in SMEs, both from a scientific and operative perspective. The methodology consists of a field analysis conducted through surveys and focus groups, which enabled us to identify the needs and peculiarities of SMEs in the Italian context. The results of this phase are reported in a previous study [12]. The paper is structured as follows: Section 2 presents an extensive literature review on the application of OHSMSs in SMEs aiming to point out current criticalities of the context under analysis. The method adopted to develop the software tool is discussed in Section 3, and the results are presented in Section 4, while conclusions are presented in Section 5.




2. Occupational Health and Safety Management in SMEs: A Literature Analysis


The literature review performed aimed at highlighting the main features and challenges of current OHS risk assessment and management in SMEs. For this purpose, the scientific databases Web of science and Scopus have been searched using the combined keywords “occupational health and safety” and “small and medium enterprises”: conference papers as well as journal publications have been considered. Moreover, results have been integrated through the snowball technique, in order to include other relevant papers. The time period under analysis is from 2000 to 2019: thus, based on these criteria, the web searching has outlined 44 papers. The article selection process included works related to the industrial and service sectors, focusing on OHS systems, performance and assessment. A two-factor clustering analysis has also been proposed: the first one is based on article type, thus five categories are proposed such as literature review, field analysis, simulation modelling, test case and performance evaluation.



Furthermore, all outlined articles have been also classified into five main categories regarding the topic of study in the analyzed problem: the definitions are proposed as follows:




	-

	
Group 1: it includes articles investigating barriers and drivers for the successful adoption of OHS interventions in SMEs [7,12,13,14,15,16];




	-

	
Group 2: articles reviewing overall features and challenges related to OHS in SMEs [6,8,17,18,19,20,21,22];




	-

	
Group 3: articles proposing new models/approaches proposals for managing OHS in SMEs [23,24,25,26,27,28];




	-

	
Group 4: articles proposing an assessment of regional/national legislative bodies as well as conditions studies of OHS management in SMEs [1,10,11,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45];




	-

	
Group 5: articles proposing models to be adopted in risk assessment in SMEs [46,47,48,49].









By analyzing the details of the literature review according to the first classification, field analysis is the most popular method adopted for facing the problem in analysis; test case and case studies are the lowest: this is also a first result outlining the lack of operational study in the specific field of research. According to the second categorization, few (6) recent studies have focused on identifying main barriers and drivers related to OHS management (i.e., group 1) in SMEs: the lack of economic resources, dedicated time and effective information is identified as one of the critical factors by Masi and Cagno [7], who also underlined the unsuitability of guidelines to the specific needs of SMEs. Masi et al. [13] state that the OHS intervention process in SMEs tends to often be qualitative and experience-driven, while Garnica and Barriga [14] point out that managers and external stakeholders identify different barriers for OHS implementation beyond the lack of information, the first blaming workers for their lack of awareness and incorrect behaviour, the second citing ineffective management and resource allocation. Micheli et al. [12] outlined that “the excess of external bureaucratic requirements” is one of the main barriers for SMEs. The role of the government in facilitating OHS implementation in SMEs is also highlighted by Wang et al. [15] and Zhang et al. [16], who argue that policy interventions should be improved and simplified. Similar values could be outlined for the third category, which includes six articles containing proposals of new OHS models/approaches. An intervention model has been tested by Walker and Tait [23] on a sample of SMEs in the UK, through a low-cost and low-time demanding approach, confirming that cost and resource effectiveness are appreciated by most of the companies involved. Similarly, Cagno et al. [24] present a model for safety performance designed for SMEs that can enable the identification of possible interventions for improving OHS. Farina et al. [25] analyze the impact of preventive interventions in micro enterprises (MiEs) of the metalworking sector, proposing a safety intervention program and describing its effectiveness in improving the workplace environment safety. Tools for OHS performance evaluation are suggested in two works: Bianchini et al. [26] present the efficacy index, which aims at assessing the effectiveness of an OHSMS, while Tremblay and Badri [27] identify deficiencies and prioritize corrective actions. Finally, Zocca et al. [28] propose a computational tool for SMEs in the agro-food industry.



The second group included literature reviews aiming to point out the features and challenges of OHS assessment and management in SMEs. Hasle and Limborg [17] mention cost-effectiveness of preventive approaches as an important factor for OHS improvement in SMEs, as also confirmed by Cagno et al. [19], while MacEachen et al. [18] explain that the informal workplace environment that often characterizes SEs can alter the apprehension of risk, so subcontracting can complicate the attribution of OHS responsibilities. Floyde et al. [20] present the main challenges and underline that knowledge management and e-learning could generate important benefits in the knowledge-sharing process between workers and managers, which is essential for improving safety management. The role of targeted communication strategies on OHS for SMEs is analyzed by Schulte et al. [21]. Legg et al. [6] and Tremblay and Badri [8] underline that current policy and legislation on OHS, as well as OHS performance evaluation tools, are mostly based on LEs, confirming the need to fit modern OHS interventions to the specific features of SMEs. Nowrouzi-Kia et al. [22] focus on factors related to injuries, concluding that SMEs face more difficulties in managing these factors compared to LEs.



Several regional case studies have been proposed in the literature, mostly based on field analyzes carried out through surveys and/or focus groups, or using secondary data sources from official databases. The relationship between the size of a company and the frequency of accidents in Italy is studied by Fabiano et al. [29], confirming that this frequency increases for SMEs, especially for fatal accidents. Similar outcomes are shown by Micheli and Cagno [30], with accident frequency growing for smaller companies. The Finnish case is analyzed by Lehtinen [31], who points out the importance of networking for SEs in order to promote a safety culture. Analyzing the Spanish context, Arocena and Nunez [10] demonstrate that companies adopting OHSMS have far better performances than others when it comes to preventing accidents, results also confirmed by Gopang et al. [32] for Pakistan. Santos et al. [33] highlight that only 26% of the companies adopting an OHSMS in the Portuguese context choose a certified one (OHSAS 18001); however, these companies reported important improvements in working conditions and internal safety communication. A framework for the implementation of an integrated OHS and Environmental Management System (EMS) is proposed by Jaroenroy and Chompunth [34] in Thailand. Hasle et al. [11] analyze accident attribution in Danish SMEs from the metal and construction sectors, while Cagno et al. [35] study the factors related to OHS in Italian SMEs and how they affect OHS performance. Champoux and Brun [1] study the context in Quebec, pointing out the importance of employees’ participation in safety management for its effectiveness, and similar outcomes are also underlined by Surienty [36] for the Malaysian context. Similarly, Diugwu [37] shows that in the UK a fine management of OHS has a positive impact on a company’s competitiveness, contributing to improve its image and lowering costs. Bonafede et al. [38] confirm that OHS in Italian SMEs is mostly seen as a law duty entailing a cost, while its value is not perceived by workers. Sinclair et al. [39] underline the key role of intermediaries in the US as facilitators for implementing successfully OHS in SMEs. Boustras et al. [40] analyze safety performance in MiEs in Cyprus, showing that this can be improved introducing a safety policy and supporting the willingness of employees to use personal protection equipment (PPE). Unnikrishnan et al. [41] study OHS implementation in SMEs in India, identifying the main internal barriers in the lack of resources dedicated to safety and little awareness of safety problems, together with a resistance to change. Jahangiri et al. [42] focus on the main problems and conditions of OHS in Iran, while new and emerging risk management is investigated in Spain by Cantonnet et al. [43]. The Spanish context is also studied by Segarra Cañamares et al. [44], who highlight the difficulties related to the integration of occupational risk prevention in the SME management system. Challenges for OHS management in the South African context are analyzed by Mashwama et al. [45], who highlight that the lack of skills, experience and education on safety is among the main criticalities to tackle.



Finally, four works related to risk assessment in SMEs have been analyzed. Dumitrescu and Deselnicu [46] focus specifically on risk factors in manufacturing SMEs, while Sun et al. [47] analyze the chemical sector proposing a set of measurable proactive indicators to assess risk management maturity in SMEs. A new risk assessment model is proposed by Fera and Macchiaroli [48], who also show its reliability through an experimental campaign, while another risk assessment tool is presented by Reinhold et al. [49] and tested on SMEs in Estonia.



In brief, the results outlined by the literature analysis are:




	
There is wide awareness in academia about how poorly OHS is currently managed in SMEs, and specific studies confirm this trend in several countries (evidence from Europe, Asia and North America). However, not many attempts to propose new models/approaches for OHS evaluation and management that fit the needs of SMEs exist. In fact, the literature confirms that most of the existing tools and methods for OHS management are originally designed for LEs and are not always suitable for SMEs.



	
Several barriers complicate the actual implementation of OHS practices in SMEs. Among these, little resources and time dedicated to promoting a safety culture, ineffective information, unawareness of management and employees, and the internal resistance to change seem to be the most diffused. All of these factors indicate the need for some kind of support to SMEs in the safety management process.



	
On the other hand, some drivers can support effective OHS management in SMEs: the legislative pressure raising in several countries, the possibility to increase competitiveness with respect to other companies, as well as the aim to improve internal efficiency and safety.



	
Evidence shows that the adoption of OHSMS in SMEs has a positive impact on safety conditions in the workplace, allowing better internal information sharing, and that involving employees in safety management processes is a crucial factor for increasing safety effectiveness.



	
Cost-effectiveness often represents a crucial factor for the management that faces the decision of adopting an OHSMS in SMEs. Therefore, enterprises need to perceive the economic benefits in order to be inclined to adopt a formal management system.








These issues have been evaluated in the methodology development adopted, which is reported in the next section.




3. Methods


The methodology adopted to design the tool for supporting OHS risk assessment and management has been developed in three subsequent phases: a flow diagram outlining all the methodological phases and the specific methods adopted is reported in Figure 1.



3.1. Phase 1: Barriers’ and Drivers’ Identification


For the first phase related to the identification of barriers and drivers, next to the literature analysis presented in the previous section, a market gap analysis has been performed, analyzing the available options currently on market for managing OHS in SMEs. The results of this step have been presented in a previous study [50]: in brief, few methodological as well as software-based tools are available to support SMEs in risk assessment development; no one proposed integrated tools for risk assessment and management. Starting from these outcomes, the experience of SMEs located in North Italy has been evaluated through a survey analysis, a focus group and follow-up interviews with the companies involved in the project.



3.1.1. The Survey Analysis


The survey was submitted by email to more than 1400 enterprises selected randomly from the Bureau Van Dijk’s AIDA (Analisi Informatizzata delle Aziende Italiane) database made available from a partner in the project, to investigate their overall knowledge and accessibility of OHSMSs and adoption of software tools. The sample includes Italian companies distributed as follows: 512 (34.5% of the sample) MiEs (1–10 employees), 452 (30.4% of the sample) semi-MiEs (10–20 employees) and 521 (35.1% of the sample) SEe and SMEs (20–100 employees), obtaining a response rate of about 8% (118 answers). Response rate was 5.5% (82 complete and consistent surveys). The closed format questionnaire was structured in 36 questions divided in 4 main sections: company records, risk assessment and OHSMSs, use of OHS software tools, use of a system for tracking and analyzing injuries and near misses. The sample reflects the project’s interests: 63.3% of companies are metalworking enterprises, 12.5% are in the wood and paper sectors and 24.2% are in others. A detailed analysis of the results is reported in a previous paper of the research group [12]. Results confirmed some of the trends highlighted in literature: a poor OHS management in SMEs, the lack of awareness and interest about workplace safety, the need for a tool for OHS easy to use and affordable for small companies. The survey and the focus group were conducted as part of the SOLVO project, BRIC 2016/ID29 funded by INAIL, started on 1 July 2017, and approved by the ethic committee of the Polytechnic of Milan (https://www.polimi.it/ricerca-scientifica/contatti/comitato-etico/).




3.1.2. The Focus Group and Follow Up Interview Analysis


A focus group was designed to take place within an association of Italian SMEs, involving a few companies belonging to this organization. The discussion concerned the existing ways of application of a simplified OHSMS and the adoption of software tools aimed at guiding SMEs in the appropriate management of OHS. The focus group participants included both companies with experience in the implementation of management systems, as well as companies dealing with this topic for the first time. The sample of participants also included companies that had experience in OHS software tools for risk assessment, with the aim of understanding their more and less appreciated aspects. Additionally, four firms participating in the survey and the focus group were chosen for a follow-up interview, aiming at analyzing in-depth some of the aspects related to the type of information that can be easily provided for a simplified OHSMS, and the minimum results that a SME expects from an effective OHSMS. Respondents were business owners and/or OHS managers. The discussion involved topics such as the adoption of a software tool for managing a simplified OHSMS, the advantages related to the feedbacks and detailed information that a simplified OHSMS can provide (as an example, data about “near misses”).





3.2. Phase 2: The Operational Guideline Development


The purpose of this phase was to provide SMEs, especially micro and small companies, with methodological support for developing risk assessment and organizing in an effective way a simplified OHS management system. The basic idea is to provide a simplified but integrated method for developing risk assessment and, next, managing risks, based on the same methodological framework. Results from phase 1 as well as the literature review allowed the identification of the main needs and expectations of SMEs as depicted in Figure 2.



In detail, the main functionalities to be provided to SMEs regards:




	
A tool for preliminary hazard analysis: the main idea is to provide updated information about the most recurring hazards in a specific company, thus aiming to support a more effective risk assessment process based on real data, usually not available at an individual company level. This information is provided by historical data about injures: the main source is the national database INFORMO, where data (industrial context, injury dynamic and main causes) about mortal injuries occurred in Italian companies are collected by the National Authority. This sample will provide to SMEs updated knowledge about most critical factors outlined in an industrial context similar to theirs. A searching form—based on multiple parameters—allows us to provide these data to the users of the tool;



	
A tool for fastly analyzing workplace hazard: the idea is to define a standardized logic to analyze all SME processes and workplaces with an increasing level of details. Thus, the process under consideration is analyzed based on a three-level standard schema: at first, hazards defined at plant level are analyzed and, next, hazards at job-shop and working areas, respectively. The aim is to provide a standardized and common way to describe and analyze each specific organization adopted by a single SME from a safety point of view;



	
A tool for supporting physical risk analysis: the aim is to use a simplified procedure (compared to the traditional ones based, e.g., on complex risk evaluation), to analyze critical risks for defining prevention and protection activities to be developed. The proposed procedure is based on a simplified logic: if a specific hazard is outlined for the level in analysis—i.e., plant, job-shop and working area—the risk level is defined as “present” thus, allowing a fast risk estimation. Consequently, every time a risk is defined as present, organizational (e.g., training, maintenance) as well as technical (e.g., re-layout, machine modification) interventions, must be adopted to control and manage the risks. Legislative and technical standards could be used to define the most effective actions to be planned. Risks that require a deeper analysis—e.g., manual handling of loads, ergonomics risks—could be evaluated using specific guidelines. The aim is to provide to SMEs a fast tool for risk assessment that provide effective results for their specific conditions;



	
Tools for analyzing organizing OHS management system: the tool will provide a simple guideline to organize and apply an OHS management system in SME. Basic pillars are a performance measurement system based on both quantitative indicators and organizational procedures (e.g., audits), a responsibility.








This framework—defined as an ecosystem because several different systems interact based on shared data and approaches - served as a starting point to elaborate a prototype web software tool: the SOLVO web platform, named after the project, for supporting SMEs to develop a “simplified” risk assessment document and organize an OHS management system. Results of phase 3—the software development based on guidelines—are described in the following section.





4. Results: The SOLVO Prototype


The proposal in this paper is to provide a simple but effective tool to support SMEs in all phases of OHS management from risk assessment to risk control in day-by-day activities. The SOLVO web-platform consists of two interacting modules: the first one is focused on risk assessment and the latter on risk management. The first module includes tools of the SOLVO ecosystem (refer to Figure 2) for quickly analyzing a workplace hazard, for supporting physical risk analysis, and preliminary hazard analysis. The latter includes the tool for organizing day-by-day OHS management processes. A holistic approach has been adopted to integrate the two processes aiming to optimize company resource effort.



Based on information derived from barriers and drivers identification (see Figure 1), two types of users have been introduced as depicted in Figure 3 for the SOLVO web platform:




	
The business owner or the safety manager (indicated through by the Italian acronym ADDL): the person in charge of the risk analysis and assessment process at the workplace level, as well as risk level control in daily operations;



	
The safety consultant (defined by the acronym CONS): the person who actually carries out a risk analysis for several companies as a third party—under the authorization of each company employer. The CONS user can visualize data concerning the companies he/she manages, but cannot share them with external users.








The cloud platform has been designed in a way that information about a company could be accessed only by the authorized user (only one for a company): no information is provided to anyone.



The risk assessment module, shown in Figure 4, is made up of three sub-modules that the user can compile sequentially, based on the aforementioned simplified DVR allowed by the Italian legislation.



The sub-modules are organized as follows:




	
The company characterization module defines the main data of the workplace that can influence the presence of hazards for workers. The description of the production process and the workplace is defined based on three main levels: company plant site, job-shop and working area. The plant site is the entire building where all activities and processes of the company take place, and is divided into departments (job-shops), which are in turn composed by single working areas. After filling out the company site-level data, the workplace can be composed of several job-shop areas, each one divided into one or more working areas. Next, company employees, equipment and materials (substances) have to be allocated in each of the workplace levels introduced.



	
The hazard analysis module: a simplified and guided method allows the user to identify the hazards based on a set of hazard categories defined for the plant size, the job-shop and working areas previously identified. For each category, a set of hazards typically characterizing the area are defined. The hazard selection is developed starting from these lists. Therefore, the activity of hazard identification consists of the evaluation of the presence or absence of a set of specific hazards. This simplified hazard identification procedure is based on predefined lists of potential hazards and does not require the quantification of each hazard.



	
The module for risk analysis and measurement planning: for each of the hazards identified, some standardized prevention and/or protection measures are identified, which can be related to the training of employees, the adoption of PPE, procedural or technical intervention or periodic medical control. Considering also the specific prescription regulated by the current legislation, the user can detail every measure that has to be adopted by the company to mitigate each risk. Next to this, the implementation plan of each intervention, including details such as date and responsibilities, is also defined in order to provide a scheduling for each deadline.








The sequence of activities for data entry and analysis in the risk assessment module is in Figure 5.



The organizational safety management module is composed of four sub-modules with the following functions:




	
a planning module;



	
a collection module for injury and precursor (near-miss) events;



	
a module for supporting internal audit and safety control;



	
a module for supporting the company in managing documents for external procurement risk analysis process.








In Figure 6, the web-based tool is proposed with all its functionalities.



In this phase related to safety management, the most critical processes and activities for the company can be monitored, with the possibility to track near misses, which can be extremely useful for building experience and preventing future accidents, helping to improve the safety culture and performance of the workplace [51].




5. Conclusions


Despite the relevance of SMEs in the European economy, several difficulties related to OHS management for these companies have been reported in the literature, and acknowledged by policy and practitioners, and their great economic potential is threatened by the inefficiency of safety management intervention processes, intensified by the recognized lack of tools designed for their specific needs. To deal with this problem, a few researchers proposed innovative ways to manage OHS in SMEs, but an OHSMS specifically designed for SMEs is still missing since most of the commercial tools available are designed for LEs and provide some kind of support to SMEs just for risk assessment. This work is an attempt to answer this need, proposing a framework for risk assessment and OHS management in SMEs, on which a web-based software tool for safety management is based.



The main innovative features of this approach are the following:




	
it proposes a tool fitting the specific needs of SMEs, designed starting from an accurate field analysis to meet their necessities and expectations, which can support them not only in the phase of risk assessment (which is the only one strictly regulated by Italian legislation), but also in other safety management activities which are usually optional for SMEs, contributing to improving management and workers’ awareness and information sharing, enhancing prevention and safety conditions in the workplace.



	
the cost-effectiveness of the tool: the project allowed the design and test of a web-based open-source software based on the framework elaborated, which is integrated with institutional databases from INAIL and can support SMEs, on one side facilitating the risk assessment process and the production of the DVR, on the other side enabling OHS management activities and promoting the diffusion of a safety culture.



	
The integration with institutional databases and the support from INAIL can also represent an appealing factor for SMEs, which are facilitated to comply with the current Italian legislation on safety management.








The proposed tool has been developed for Italian SMEs: several parts (e.g., hazard categorizations) are typical of the Italian legislation, which might be a limitation of the study; yet, the overall organization of the tool could be easily adapted to other countries with low computational effort. A test activity has been done by involving in a Beta version of the software tool some SMEs and consultants: they have provided structured feedback to define the last prototype version of the software, which is going to be provided to companies and consultants for free through the Italian Compensation Authority (INAIL). Again, the sustainability of such an initiative in different countries from Italy is difficult to predict, which is a limitation of the study: further research developments should tackle this issue, connected with the country-specific networks of parties (i.e., ecosystems). Last but not least, further research on the design, management and impact of dashboards of quantitative indicators for controlling the overall performance of SMEs towards their safety issues would be beneficial.
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Figure 1. The multiphase methodology adopted. 
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Figure 2. The SOLVO Ecosystem. 
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Figure 3. Multi-user scheme. 
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Figure 4. Levels of analysis in the risk assessment module. 
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Figure 5. Sequential activities to be developed in the Risk assessment module. 
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Figure 6. The SOLVO web-based tool. 
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