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Abstract

:

Oil and gas offshore exploration and production (E & P) will remain necessary to meet increasing global energy demands. However, appraising and exploring these resources has a major impact on sustainability and faces many challenges. Improving the supply chain operations that support E&P activities presents opportunities to contribute to the United Nations (UN) Sustainable Development Goals (SDGs), but relies on organizations being able to adopt new strategies and technology and, innovate their current business models. Business model innovation (BMI) has not been actively pursued in this industry, partially due to the traditional operation management and due to the complexity in changing established models or adopting full-fledged archetypes. Thus, the present study proposes a more flexible and granular approach to BMI by defining elements to be adopted rather than proposing business models archetypes. To define the elements, an application of systems engineering (SE) is adopted through a morphological analysis (MA). They are presented in morphological boxes in three dimensions—technology, organization, and the human element—inspired by sustainable business model (SBM) literature. The elements are proposed as “bricks” for BMI where they can be adopted and re-arranged as necessary, providing granularity and flexibility to facilitate BMI for organizations of varying sizes.
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1. Introduction


The offshore exploration and production (E & P) industry will persist as a relevant source of energy for many years as the global energy demand continues to increase [1,2,3] and the renewable sources of energy are not sufficient to suppress the demand within plausible cost and at large scale [3,4,5]. This industry contributes with resources that generate electricity, heating, and other sub-products that are used as inputs in the fabrication of plastic, rubber, solvents, and many other items [1,5,6]. Additionally, its petroleum sub-products constitute the main source of fuel for almost all transportation modes utilized in the transport of people and goods worldwide [5,6,7]. However, emissions from burning fossil fuels impact the environment directly, resulting in global warming and climate change [8,9,10,11]; also, minimizing the impact of industrial activity lies within the United Nations (UN) Sustainable Development Goals (SDGs), a set of interconnected directions to guide the international community towards a sustainability agenda [10].



Offshore E & P is an industry that plans, builds, and operates offshore structures in the open sea to extract and retrieve resources through the execution of industrial activities that range from the search for oil and gas and its exploration, to transportation to shore and all steps in between [12]. Its value chain is divided into three major groups: upstream, midstream, and downstream. The upstream consists of exploration and production (E & P) activities that involve field appraisal and development, drilling, operations, maintenance, and decommission activities. Oil refining is handled midstream, while wholesale, distribution, and marketing are part of the downstream. As a general rule, upstream ends at the extraction of crude oil and its transportation to another destination [8,13]. The present study focuses on the E & P activities conducted offshore. These E & P activities are supported by supply chain operations (hereby called SC) that are conducted by a vast network of suppliers, terminals, vessels, and others operating in an intricate web that involves a large amount of money, hazards, and possible environmental impact [14,15,16]. Figure 1 shows this relationship. Building and delivering platforms and their parts, materials, equipment, and offshore personnel are challenging tasks that depend on numerous stakeholders that are directly and/or indirectly interrelated and inter-dependent to successfully perform the tasks [1,14,15].



Offshore E & P SC operations increased in complexity as the search for resources moved from shore and shallow waters to reach resources in deeper waters and more remote locations with extreme operating conditions [1,8,13]. In turn, the added complexity contributes to additional safety and environmental risks [1,17]; a higher level of environmental impact, such as carbon dioxide (CO2) emission [1,18]; and other concerns that have subjected the industry to strict regulation. Therefore, improving these operations can help the industry achieve its SDGs, as suggested in Figure 2.



Despite many initiatives to contribute to SDGs, the industry is failing to meet its goals [4,19], especially CO2 emission reduction [19]. The existing business models are recognized as the reason because traditional organizational frameworks hinder the industry from succeeding in its improvement efforts [20,21,22]. Instead, many have suggested that business model innovation (BMI) and the adoption of sustainable business models (SBMs) as a solution [23,24,25]. However, the literature available on BMI techniques seem to disagree in regard to what is the best approach [24,26,27]. In addition, changing, innovating, and adopting new business models may demand a near-complete organizational restructure [26,28,29], which can be challenging for established organizations and a major task for smaller ones. Therefore, a more flexible and granular approach to BMI has also been recommended [26,28].



The present study addresses this recommendation through the identification and proposal of design elements to be adopted in the BMI process instead of creating another business model archetype. Addressing complex structures, such as the offshore E & P SC operations’ ecosystem, can benefit from a systematic approach [30,31]. As the industry is already familiar with systems engineering methods, a morphological analysis [32,33,34] was conducted to identify and define the elements proposed in this study, and Tukker’s [35] product–service system framework is applied to identify the classic and the new business models in the industry. The present study’s assumption is that, by adopting the identified elements at different levels in the organization, they work to improve the offshore E & P SC operations and thus contribute to the SDGs. The identified elements are examined in morphological boxes, as presented by Kley, Lerch, and Dallinger [36], and are presented in three main dimensions—technology, organization, and the human element—inspired by the SBM archetypes proposed by Bocken, Short, Rana, and Evans [37]. Figure 3 shows the conceptual framework adopted in this study.



The study then continues as follows. This section continues to present a literature review on business models and BMI in the context of offshore E & P and its supply chain operations. Section 2 presents the morphological analysis conducted; Section 3 presents the identified elements to be adopted for BMI in morphological boxes and discusses their characteristics. Section 4 discusses how the proposed elements related to “new business models” typology can address SDGs and value proposition, creation, and capture in the context of offshore E & P industry. Finally, Section 5 presents conclusions and future research directions.



Business models and business model innovation. Existing business models have been widely discussed, particularly addressing value realization from technology innovation [20,38,39]. Even though many definitions exist in terms of what a business model is [27], the present study adopts the concept that a business model is a structural tool for companies to operate, manage, assess performance, and innovate their business [37,40,41]. Focusing on technology, Chesbrough [42] argued that there are four functions of a business model: (1) to articulate the value proposition for users, (2) detect a market segment where the technology has a purpose, (3) state the value chain involved in realizing the offering, and (4) evaluate the cost structure and profit potential from the offering(s). Trott [43] complements these definitions by saying that a business model is the framework for an organization to realize profit through the successful creation, marketing, and value delivery to its customer. As such, the business model framework consists of three elements: (1) value proposition, (2) value creation and delivery, and (3) value capture [37,41]. Value proposition concerns the product and/or service offered in order to generate financial return, and which consumer segments are in focus [37,44]. Value creation and delivery concerns the resources utilized to deliver the value proposition, including the performed activities, partners, distribution methods, and technology [37,41]. Finally, value capture concerns how revenue is captured, including cost reductions [37,40,41].



According to Chesbrough [42], beyond describing how an organization works and generates value, these elements present opportunities to capture value from innovation. Zott et al. [27] affirmed that business models are vehicles for innovation in organizations and subjected to innovation themselves to fulfill that role. Consequently, a business model is not a static framework that an organization must follow, but a transient, dynamic system that must change and adapt so that the organization remains viable and successful in the long term [28,45]. This continuous change process is referred to as business model innovation [28]. Innovating business models go beyond the creation of new products and services. It requires managers to break their cognitive barriers towards going beyond their own or their organization’s culture of conservatism and passiveness towards adopting new elements [39,46]. Business model innovation depends on the evaluation of how the business model’s components work towards the organization’s desired outcome, and a few tools are available to assist this process, such as the business model canvas by Osterwalder and Pigneur [41], the St. Gallen business model navigator [39], and the triple-layered business model canvas [47], which focuses on designing sustainable business models.



The offshore E & P industry has a traditional approach to business models, and disruption of these models requires penetration of a high barrier imposed by conservatism and vested interest [48,49,50]. Yet, technological advances and regulations are having an effect in fostering the disruption of the traditional business models either by necessity or competitive advantage [50,51,52]. Many changes in the oil and gas industry occur in response to specific situations, such as low oil prices, and external pressure such as legislation and other regulations [48,50,53]. Thus, in times where challenges are constantly threatening “business as usual”, innovation provides opportunities and casts light on possibilities for the industry. Early initiatives proved the possibility of success in changing business models through innovation, such as through coopetition and the creation of joint ventures and alliances [54,55,56]. A good example comes from the oil and gas industry in Norway, where an alliance allowed Aker BP’s, a Norwegian operator, to deliver the Valhall Flank West exploration platform in 14 months and under budget, from the first steel to first oil [57]. This approach to the sharing economy proves that re-thinking how to conduct operations together with suppliers and even competitors can have a long-term positive impact on securing cash flow and stability in low markets, even if profits may be slightly lower. It translates the idea of selling/buying a specific service, rather than managing the whole supply chain. Such innovative initiatives affect business models as they disrupt many parts of the industry. Other innovations include the use of drones for delivery and inspection, robots for performing risky tasks, automation for operational efficiency, 3D printing, etc. [21,22,53]. While not all of these initiatives are fully mature, they show that stakeholders can become cooperative partners with a higher degree of resource sharing to create a service-oriented culture and a communal approach to offshore E & P SC operations. They are also good examples of why and how re-evaluating existing business models is necessary.




2. Materials and Methods


The purpose of this study is to define elements that can be adopted for BMI in the offshore E & P SC, identified through a morphological analysis (MA) [32,33,34,58]. According to Martin [58], a morphological analysis is conducted to perform a systematic classification and assessment of possible combinations of alternatives that can, together, provide a certain function. To identify the elements to be included in the analysis, business models, BMI, SBMs, offshore E & P, and E & P SC literature was examined (collected from databases such as Scopus and Web of Science, among others); and information available from oil and gas related organizations (such as IPIECA and DNV-GL, among others) was collected through publications and reports made available by these organizations.



In the sequence, the identified elements were classified through the application of Tukker’s [35] business model typology, which lead to the identification of the elements that belong to classic business models and those that belong to new business models. Tukker [35] classified a business model by the way it generates value, placing it within a range that starts at value generation mainly from products (tangible) towards value generation from services (intangible). At an operational level, the value generation process moves from being product-oriented towards being use-oriented and result-oriented [35]. Applying this framework (Figure 4) to the offshore E & P industry supply chain results in three main categories: (1) the operator owns and/or manages all parts of its supply chain; (2) the supply chain operations are purchased/offered as a service (defined by its use), and (3) the operations have a communal approach, where assets and others are shared within the supply chain, towards the outcome of the service. The first category represents the classic business models in the industry, whereas the other two range towards new business models.



To present the elements and their characteristics, the concept of morphological boxes is applied, adapted from Kley et al. [36]. Subsequent to a morphological analysis, morphological boxes “represent a creative way to illustrate all the potential solutions to existing problems in a structured format by defining different features with several configurations with regard to a problem” [36] (p. 3395). Figure 5, Figure 6 and Figure 7 present three morphological boxes with the identified design elements for business model innovation. Addressing sustainability, these elements are presented based on a list of characteristics related to the three dimensions adapted from Bocken, Short, Rana, and Evans [37]; that is, technology (Figure 5), organization (Figure 6), and the human element (Figure 7). Each box follows a logic in its presentation regarding the infrastructure and organizational changes needed for adoption—the elements more to the left are less complex and require the adoption of less extensive changes. On the other hand, the elements more to the right are more complex and thus require more changes. The proposed elements placed most to the right of the morphological boxes are suggested as an ultimate goal for organizations to adopt, although their complexity means it might not be possible for organizations to adopt them at first. For this reason, the other elements situated to their left in the boxes are proposed to be adopted as interim stages during business model innovation. After presenting the elements to each factor, I discuss how the elements classified in the new business models typology address sustainability and their value proposition, creation, and capture.




3. Results


3.1. Technology-Related Elements: Characteristics and Contributions to SDGs


The morphological box in Figure 5 presents elements and their characteristics related to technological development and deals with different aspects of technology use and application in the offshore E & P industry. From left to right, the presented elements increase system interoperability, proposing a higher level of automation as a value for a business model if the alternative is to be adopted.



The first row of design elements depicts technology applications to conduct basic operations and the reliance on manual interaction with systems and software. It ranges from operations being conducted manually, where human resources are needed to input, verify, and exchange information and data throughout the software portfolio in order for operations to be fulfilled. On the other extreme of the array, the presented element is understood as an intelligent element, where the data collected from operations using digital technologies are utilized as input for the system to conduct its own operations, based on algorithms and possibly machine learning and artificial intelligence. Manual interaction can still occur, but it is shifted from data input towards data usage for the supervision of operations, higher-level decision-making and operations’ reporting indicators. The next characteristic, infrastructure, evolves from left to right to support the level of automation proposed in line with other elements. The same logic applies to the other characteristics and their elements.



The last element, cash flow, proposes how operational cost is reduced by each element as they help diminish the manual interference to daily activities, manual errors, and other potential issues caused by the lack of integration between activity, process, and software. Its first element relates to the possible level of cost cutting when operations are conducted mostly manually, and technology infrastructure and administration is mostly managed in-house. Once the elements evolve towards interoperability and automation, the cost reduction possibilities increase, as operations are not reliant on manual interactions and cost migrates to payment per service usage. The elements presented for each characteristic introduce stability, efficiency, and resistance to human error due to the increased automation levels they proportionate.




3.2. Organization-Related Elements: Characteristics and Contributions to SDGs


Similar to Figure 5, the presented design options for the organizational characteristics (Figure 6) evolve from left to right with higher levels of interrelationship. In this dimension, the further to the left the element is, the more internal it is to the organization and silo based. The further to the right, the higher the level of partnership and collaboration with stakeholders is necessary and achieved. The presented organizational elements offer value to the business model by providing the opportunity for organizations to change processes that are inefficient and outsource activities that are not core to the organization. This also creates value to the other stakeholders in the value chain, as each stakeholder can become more specialized in its functional area, to innovate and reduce cost by eliminating non-core related activities.



The first characteristic in Figure 6 specifies the organizational structure of the offshore E & P SC, ranging from closer operations handling within the operator (owned vessels, warehouses, etc.) towards partnerships, alliances (strategic suppliers are preferred) and sharing assets and other resources. For example, if the structure consists of alliances involving strategic suppliers, the sourcing strategy will consist of selecting these suppliers that already have certifications and contracts relevant to the operations to be conducted. This logic also applies to the invoicing and payment strategy to be adopted, as well as to the inventory, warehouse/terminal, contract, and transport sourcing ones. Accordingly, the operational planning strategy is replicated through the organizational structure adopted. Following the same example, if the suppliers involved are pre-selected and certified through supply chain processes by the business units responsible for that process, a longer activity span can be planned towards that partnership/alliance, which provides a longer-term planning range. This directly impacts operations, as a longer planning range produces visibility and better resource allocation. Transport, operations, and sourcing strategies are also interrelated and highly dependent on the structure adopted. Continuing to follow the above example, a fewer number of selected suppliers participate in the majority of operations, which makes it possible to share a higher level of information and data within the network that can be used for operations optimization and cargo allocation, reducing the manual input to handle operations. Therefore, data from operations becomes the trigger and input towards reserving space and capacity for sourcing transport (that is, transporting something from A to B for a fee) and handling transportation resource sourcing (that is, the number of vessels needed to deliver items related to an activity). The way in which these elements are combined and selected directly impacts the value capture element proposed—cash flow. If the operational elements adopted relate to a closed structure, the cost reduction opportunities are limited as there is lower flexibility in terms of pooling suppliers and negotiation. On the other side of the array, costs are related to the used services, depending on operational optimization and resource usage.




3.3. Human Element-Related Elements: Characteristics and Contributions to SDGs


In the offshore E & P SC context, the human element is two-fold, consisting of (1) the people working on the offshore platforms, drilling rigs and FPSOs (floating production storage and offloading), and (2) the people working onshore planning and executing commands towards the operations execution. Hence, both aspects need to be considered when evaluating the impact on the human element and its place in the organizational structure and business model. The morphological box in Figure 7 presents business model elements related to the management of the human element.



The proposed human-related elements related to operations handling, work organization, specialization, and schedule can nearly or completely eliminate the human involvement in supply chain operations. However, this is not necessarily the intention. The idea is that these elements change how and where humans interact and fulfill activities in the organizations. Hence, when related to humans directly, the presented elements show increased specialization and reduced commitment to one specific contract/organization from left to right in Figure 7. This creates value to organizations by being able to work with highly skilled professionals without worrying about talent retention. However, this does not mean that the link to the organization should be weaker; it simply provides the organization and the professionals with the opportunity to work with multiple parties if they want, and gives flexibility to the professionals to elect the best possible places to work, addressed by the work schedule and location elements. This allows organizations to reduce personnel costs as they will not have to maintain several idle people that do not have constant activity in the company simply to avoid missing the skilled professional to another organization, addressed by the contract/payment strategy element.





4. Discussion


There are many ways in which the offshore E & P industry can contribute to the SDGs [9], although most efforts are directed to minimizing the impact of drilling and platform operations [1,9,19], such as water and waste management [1,59], and managing CO2 emissions [1,3,60]. However, many opportunities exist in the management of the supply chain operations conducted to support the upstream activities.



In the offshore E & P industry, the supply chain is a complex “ecosystem” that includes many internal and external stakeholders that must comply with many different legislations and overcome many challenges. The SC operations are conducted by specialized suppliers, supply bases, terminals and warehouses (referred to hereafter as support companies) that provide vessels, transportation and storage, manning, and other services, usually managed by the operator hiring them [14,61,62]. The vessels involved in the offshore E & P SC to complete these activities are major contributors to CO2 emissions in the offshore E & P industry [1] and most sustainable initiatives in this context are linked to the reduction of CO2 emission from the vessels utilized in transportation, optimal vessel and route allocation, vessel fuel usage, and route optimization for transportation [14,63,64]. Lately, the adoption of technology for this purpose has been widely discussed, such as the implementation of 3D printing of spare parts for local supply to avoid transportation; and the adoption of Blockchain, Internet of Things (IoT), and digital twins for supply chain transparency [19,65,66]. For vessel and deck space optimization, the adoption of big data analytics and machine learning/artificial intelligence has been widely discussed [67,68,69].



However, there are many other ways in which supply chain operations can improve to contribute to SDGs, such as a more efficient management of inventory to increase inventory usage and reduce new parts purchasing, reducing double-purchases, fostering inventory sharing throughout the supply network, and other initiatives that could be adopted to reduce the production of new items that rely on global natural resources [4,70,71]. A more collaborative approach to supply chain handling can also provide results; instead of each operator managing their own vessels, these can be pooled to promote sharing vessel deck transportation capacity, leading to a better vessel capacity allocation and an overall reduction in the number of vessels and vessel voyages required to transport cargo [4,70,72]. Table 1 summarizes potential areas of change that would effectively contribute to meeting SDGs.



Therefore, a more flexible and granular approach to setting and meeting goals toward SDGs is suggested for designing business models that can support innovation, technology adoption, and other changes without having to restructure the whole business model and/or organization. The objective of the present study is to present elements that can be more easily adopted and replaced as wished by organizations to create new business models. Systems engineering methods are ideal to support this objective as they promote a systematic approach to solving an array of complex issues in systems present in several domains. The SE method adopted in this study—morphological analysis—provides this systematic approach and supports non-quantified modeling that allows an in-depth analytical exploration to solve a complex issue [30,31,73]. Specifically, the present study used SE methods to identify and propose design elements for BMI. The resulting elements presented function as “construction bricks” that, once combined, allow the creation/innovation of a business model that fits the organizations’ objectives and addresses sustainability at the same time at different intra- and inter-organizational levels. This flexibility enables organizations of different types and sizes to implement design elements that address sustainability without having to replace their entire existing business model or implement traditional sustainable business model archetypes. Therefore, if one desired element cannot be implemented initially, another one can be utilized instead as an interim state, while the desired element works as a final goal. Beyond sustainability, the elements are proposed to foster technology adoption where it is needed, organizational innovation and collaboration as value creation. These elements are presented according to Tukker’s [35] typology, categorized as “classic business models” and “new business models”. The elements included in the latter are suggested for the offshore E & P industry to adopt to manage its supply chain operations. Once combined, these elements address SDGs in different ways, and their recombination by the organizations can be re-adjusted to meet organization’s strategies and purpose. How these elements address business models’ value proposition, creation, and capture and contribute to the SDGs is summarized in Figure 7 and discussed in the sequence.



4.1. Value Proposition


The elements value proposition is to offer the integration of offshore E & P SC operations through suitable technology to allow the stakeholders to reach a communal approach to operations handling. By integrating operations, operators and other stakeholders can make better usage of their own operational data, which provides insight regarding the items to be purchased and transported and the services needed. Consolidating this demand through data collection and predictive analysis provides opportunities for the support companies to adjust their fleet according to the demand and forecast with a higher accuracy, which, in turn, allows the support companies to adjust the level of service to the capacity needed. Thus, vessels and other resources can be pooled and shared instead of each operator renting its own. The proposed elements also address the interconnection among vessels, ports/terminals, platforms, other stakeholders and the human element in the industry. This is essential to prepare the industry for implementing innovation and other technological developments such as autonomous vessels, cranes, ports, etc. These are in constant evolution but cannot be adopted if the industry is not ready to adapt. The autonomous assets must be able to intercommunicate to work beyond their technical aspects—an autonomous vessel still needs to dock, just like an autonomous crane still needs to know what it will lift, from where, and where to place the cargo. However, manual interference is not the solution, as machines must be interoperable through machine understandable languages. Hence, the automated and “intelligent” elements in this category define the solutions offered and the stakeholders involved towards operations’ completion.




4.2. Value Creation


The elements create value creation through the adoption of automation and intelligent elements to promote a more efficient handling of the supply chain operations and to allow supply chain partners to offer a better service to its customers. Re-thinking how the stakeholders collaborate, communicate, and work is a necessity not only for the stakeholders themselves, but also for the industry to incorporate and benefit from the innovations brought from technological advances being presented to address efficiency, safety and environmental concerns. Even though the elements emphasize integration and automation, people are not eliminated from the system. People have unique characteristics, such as creativity, negotiation, and problem-solving, that extend beyond what was coded into a software for conducting operational tasks. However, people are being used as a cog in the system, whereas they should be placed where interpersonal skills are needed the most, leaving the machines to do what they do best and enabling people to do what they do best: create, develop, and innovate. Hence, technology is part of this change, and technological efforts to digitalize the synergies among the network participants are needed for them to work together. Similarly, it is just as necessary for the offshore E & P domains to extend their willingness for technology to go beyond machines and engineering to reach supply chain operations, so that innovative ways of working can be developed and implemented, thus creating value throughout the organization’s value chain.




4.3. Value Capture


The elements capture value by reducing costs and waste through better utilization of resources, such as fleet, vessels, inventory, personnel, etc. This promotes operational efficiency and reduces operational costs, increasing revenue and additional profit opportunities for organizations. Using inventory as an example: better inventory visibility enables a more efficient management of inventory and purchasing, which enables the use of the available items instead of unnecessary double-spending for “emergency” purposes, thus reducing the overall quantity of general and unused inventory. With less stranded inventory, less scrapping is executed, and more money and taxes are saved and made available to be used elsewhere, potentially reducing the final cost of energy provided.




4.4. SDGs


The “new business models’” elements address SDGs by changing how work is conducted, as summarized in Figure 8. This shift from manual work to automation reduces human interactions in operations, resulting in fewer error opportunities that could lead to accidents, thus enhancing safety in offshore logistics operations. Together with automation, increased collaboration allows streamlining planning and provides operational synchrony. This results in better use of resources such as vessels, leading to a higher level of vessel deck capacity usage and a reduced number of voyages from and to the offshore platforms, contributing to safety and addressing environmental concerns due to reduced chances of spillage and reductions of CO2 levels, in line with the UN’s SDGs. Finally, better purchasing and inventory handling reduces the number of items that need to be purchased, which reduces the need for transportation and fabrication. With fewer items to produce, less raw material is needed, reducing the depletion of natural resources.





5. Conclusions


Potential new and adaptive business models that can lead to the success of innovations and their diffusion are yet to be widely explored. In the meantime, new products, services, and technology are constantly being released to the market. This gap between technological advances and organizational needs must be addressed if the industry is to succeed in a demanding future, where regulation is increasingly challenging due to environmental worries, technology develops faster than ever, and a globalized world created a complex industry that requires pioneering alternatives to overcome constraints and competition. The offshore E & P industry must research, develop, and adopt not only technical innovation, but also have a holistic approach to business model innovation that will help understand which innovation and technological initiatives will promote sustainability and value creation in the organizations and their industry context. The existing business models that are available no longer meet the industry’s needs to overcome its challenges and address sustainability and SDGs. However, finding and adopting business model archetypes that can handle such complexity and allow adopting innovative solutions might not be possible. At the same time, the existing archetypes might be too complex or robust for organizations to adopt as they imply changes necessary throughout the whole organization.



This conceptual study has applied systems engineering methods to explore the business model innovation possibilities in the offshore E & P industry and its support ecosystem. It offers a more flexible and granular approach to business model innovation through the adoption of SE to propose elements to be adopted interchangeably that can be adopted at different organizational levels and timeframes and can function as interim or final stages for the organization. Through examining business models typology and the conduction of a morphological analysis, possible elements for business models’ innovation are identified according to classic and new business model typology and presented against three dimensions: technology, organization and the human element. The elements are presented in morphological boxes and can be combined and reorganized to change and build different business models. Given the limitations that more established firms may face in adopting certain elements, this study proposes elements as pieces for the organizations to adopt instead of full-fledged archetypes, providing modularity and granularity to organizations to replace certain parts when necessary without having to change the whole business model many times. The presented elements show different levels of complexity and organizational change for their adoption, and the more complex ones are suggested as an ultimate goal for adoption in business model innovation.



By adopting the elements in the new business model category, the expected end-state for the offshore E & P SC is an ecosystem that includes stakeholders in the network as collaborative partners to deliver higher operational standards. These include taking responsibility not only for operational execution, but also over safety and the environment, thus addressing sustainability and SDGs in offshore E & P operations. How these elements propose, create, and capture value has also been discussed. These elements create value through giving organizations an opportunity to become more strategic as they shift the daily activities from manually conducted to automated, conferring stability and reliability to activity execution and, therefore, generating value from technology application and organizational restructuring. Through more efficient information sharing, information propagates to stakeholders in the value chain more quickly, which can change how the stakeholders conduct their activities as well, taking the opportunity to remove inefficiencies from their part of the operations. Finally, as the different design elements are adopted by offshore E & P companies through business model innovation, a new method of collaboration within the industry can surge and evolve the industry to an ecosystem that addresses sustainability, innovation, the organization, technology application, and focus on their consequences to the human element. The measurement of the extent to which these presented elements address sustainability is a limitation of this study and is suggested as future research.
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Figure 1. Offshore exploration and production (E & P) activities and its supply chain operations support. 
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Figure 2. Supply chain management and Sustainable Development Goals (SDGs) relationships [9]. 
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Figure 3. Conceptual framework and study contribution: relationship between morphological analysis (MA) and SDGs. 
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Figure 4. Tukker’s [35] typology applied to the offshore E & P supply chain (SC). 
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Figure 5. Morphological box for technology-related elements of business models (adapted from [36]). 
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Figure 6. Morphological box for organization-related elements of business models (adapted from [36]). 
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Figure 7. Morphological box for human-related elements of business models (adapted from [36]). 
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Figure 8. Value proposition, creation, capture and contribution to SDGs from the elements proposed in the “new business models” category (adapted from [37]). 
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Table 1. Summary of potential contribution to SDGs.
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	SDG Number
	Main Potential Contribution





	SDG 14
	Minimize the impact of drilling and platform operations;

water and waste management in platforms and vessels



	SDG 13
	Managing CO2 emission



	SDG 12
	More efficient management of inventory leads to better purchasing behavior and less consumption



	SDG 9
	Inventory sharing throughout the supply network reduces the production of new items that rely on global natural resources



	SDG 7
	Less stranded inventory leads to less scrapping, leading to higher savings and potentially reducing the final cost of energy provided.
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