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Abstract. Eco-Process engineering system (EPES) means systematic collabora-

tive eco-efficiency and eco-innovation aspects in product service system (PSS) 

development and management, and covers all life-cycle phases. It is an ICT tool 

and related application methodology. The development focus on PSS from 

functional and cost performance is currently enhanced with sustainability as-

pects. The goal is to create more value with less environmental impact. In the 

virtual factories, extended enterprises, the collaboration between different 

stakeholders, engineers, managers, users of the PSS is a must and all actors in 

the value chain need a common goal. EPES system provides a collaborative 

space, covering common data and functionalities for knowledge management, 

multi-objective decision making, simulation and optimisation. Coordinated evo-

lution (co-evolution) of products, processes and services creates competitive 

advantage. This paper shows a prototype of EPES system. The software build-

ing blocks of EPES system are illustrated as well methodology steps in setting 

up system and using it.  
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1 Introduction 

The focus of product, process or service design is currently rapidly widening to in-

clude additional goals related to sustainability, especially in the field of energy and 

energy-intensive industry [1]. In addition to economic, functional performance, prod-

uct, process and service quality and marketability issues, new social and environmen-

tal aspects are increasingly taken into account. 

Examples of the drivers of this development are: Cost savings, resource efficiency, 

regulations set by society, directives, standards, also customer requirements and 

communication, business reputation and so on. The eco-constraints, e.g. resource 
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efficiency, energy consumption, emission, hazardous waste, etc., need to become a 

part of the wider assessment of the overall Product, Process and Service (PPS) feasi-

bility analysis, engineering development and management. 

The nature of sustainability as a holistic viewpoint presents a need for complex 

multi-objective decision-making, in which compromises need to be made between 

mutually exclusive criteria. Additionally all the stages of the life cycle of a product 

service system need to be taken into account in the development stage. This greatly 

increases the quantity of good-quality data that needs to be presented to decision-

makers. This data is not only hard to collect but subject to continuous change, due to 

technological development [2]. 

In order to address complex multi-objective decision-making in a distributed world 

of the extended enterprise, flexible tools that provide support for knowledge man-

agement, communication, co-operation and business process management are needed 

[3]. Service-oriented ICT tools are one enabler for efficient networking. A need for 

efficient Business Process Management (BPM) arises to orchestrate the activities 

carried by the various actors that do not necessarily fit within a single product-

oriented organizational structure. 

Selection of the best design among a set of alternatives is a very important task in 

the development stage of a PPS. Modelling and simulation techniques are necessary 

in order to account for future effects of design decisions. 

In most engineering environments, designers need to be encouraged to integrate 

environmental aspects by increasing the availability of suitable tools and knowledge. 

Integration of sustainability aspects to various simulation models is still rare [4]. One 

example of development is shown in [5]. In short, the main requirements should in-

clude: A simple and easy to use method; Availability of appropriate data; Clear and 

easily communicable results; and Traceable conclusions.  

Above all, any tools or information deployed as part of Design for Environment 

(DfE) should be fully integrated in an existing design process, procedures and manu-

als. Environment aspects should become a new key parameter to consider in decision-

making, alongside technical performance, safety and cost [6]. 

In the EPES project, a software service platform is created for bridging the gap be-

tween design-oriented tools, such as CAD and CAE, operations and service planning 

tools and tools for managing the business decision-making. Partially this is the tradi-

tional domain of PLM systems, most of which are, however, quite costly and inflexi-

ble.  

The idea of EPES is to provide the users with a product-process-service (PPS) de-

velopment-oriented “collaborative space” that can be organized by its users without 

customization by a software vendor, but allowing a level of integration of tools and 

databases that is not available on general purpose collaboration platforms.  

2 New way of working  

The EPES project is developing a comprehensive software platform that allows engi-

neering issues to be addressed from the multiple points-of-view of sustainability. The 



EPES system is an integrated Enterprise Content Management (ECM) and Business 

Process Management (BPM) platform that provides general advantages as an engi-

neering and/or decision-making platform [7, 8, 9, 10]. Its focus is on efficient inter-

disciplinary co-operation, communication, data collection and management. It also 

serves as a tool for communication between the engineering community and the stra-

tegic decision-makers, allowing them to make informed decisions at the earliest stag-

es of the PPS development and management. 

The platform provides functionalities for: 

 Knowledge Management, in the form of an enterprise content management 

system, which is augmented with a semantic context database for providing ad-

ditional meta-data 

 Business Process Management, in the form of a BPM platform on which com-

plex processes can be modelled using BPMN 2.0. 

 IT service automation that provides additional support for meta-data collection 

and processing and automating the execution of complex computational pro-

cesses for producing the key performance indicators that are needed for deci-

sion-making. 

 Multi-objective simulation and optimization, in the form of an integrated 

state-of-the art solution. 

 Business Intelligence, in the form of a data integration and analytics platform. 

In order to provide maximum accessibility in a distributed environment, the plat-

form is built to be operated in a strictly browser-based user interface. 

In the EPES project business cases, the core eco-efficiency objectives are: Increase 

product or service value, optimizing the use of resources, and reduce environmental 

impact. The business cases are diverse, and include electric grid design and operation, 

wind turbine maintenance operations and aircraft wing design from the point of view 

of manufacturability (see chapter 4). 

The overall EPES reference architecture schema is illustrated in Figure 1  

 

Fig. 1. EPES Architecture Schema. 



EPES is separated into a three-layered structure that complies in every layer to a ser-

vice oriented approach. Three layers are: Data tier, Business Tier and Presentation tier 

(see Fig 1.).  

Based on the service-oriented development approach, that represents several dif-

ferent processes as services that are fully interoperable and allow further re-use for 

specific process reoccurrences. All layers of the EPES system concept are seen as a 

part of an overall service structure so that every component could interact with each 

other, but is additionally focused around specific transition services.  

The EPES system is built upon the following core services, VCN, SGM, DMM and 

SM (see Fig 1.). 

Virtual Collaborative Network (VCN): The VCN main functionality is to pro-

vide a main point of access for non-expert end-users through user interfaces, includ-

ing capabilities for supporting the aggregated Graphical User Interfaces (GUI) pro-

vided by the Service Generator. It provides the technical infrastructure for the distri-

bution of users into groups; content management and sharing mechanisms; workflow 

engine for contents production, consumption and transformation. In addition, the 

VCN provides a Knowledge Base, containing actual data, historical data, identified 

constraints and objectives from collaborative networks, KPIs and Life-Cycle Invento-

ry data. 

Service Generator (SG): The Service Generator’s main functionality is creating, 

updating, and deploying configurations for application-specific services. It interacts 

with the Simulation Module and the Decision Making Module to compute parameters 

for updated configurations. The SG can also store / retrieve configurations in/from the 

Virtual Collaborative Network. Finally, the SG allows identification of contextual 

information about EPES solution operators as well as connected legacy systems. 

Simulation Module (SM): The simulation module of the presented platform pro-

vides a capability for running numerical analyses related to the life-cycle assessment 

process. It provides simulation services through an abstract service interface that al-

lows higher-level components of the platform to use simulation as an interchangeable 

service, according to the principles of the Service Oriented Architecture (SOA) design 

paradigm. It allows the other modules to present configuration options and numerical 

parameters of simulation modules without any prior knowledge of the internal struc-

ture of the model. 

Decision Making Module (DMM): DMM is an interactive system intended to 

help decision-makers to use data and models to identify and solve problems and to 

make decisions. On the one hand, there will be some traditional indicators for measur-

ing the overall PSS performance, but on the other hand, there will be new KPIs estab-

lished and defined in the DMM. These KPIs will be traced to the measured con-

straints, and the DMM will show, where the constraints are, and how to measure the 

performance of the organization, in order to take the best decision in a range of values 

proposed by the SM taking into account the localized constraint. The KPIs taken into 

consideration will mostly reflect eco constraints. Inputs from the SM will support the 

decision process, by simulating the potential evolution of relevant KPIs and allowing 

thus taking informed decisions.  



3 EPES prototype  

The existing EPES prototype platform makes use of many existing solutions as parts 

of its integrated comprehensive platform. These solutions include: 

 Alfresco: An Enterprise Content Management (ECM) system 

 Activiti: A business process modelling and execution framework 

 SOMO by  ESTECO: An optimization and simulation integration platform 

 Pentaho: A business intelligence platform. 

Additional software components have been developed in order to facilitate the in-

tegration of these existing solutions. The solution is cloud based and collaborative 

space user needs just a browser.  

 

Fig. 2. EPES Methodology main steps 

The main steps in the EPES methodology (see Fig. 2.) 

1.  Collaborative work environment definition, strategic level 

2.  Collaborative project planning, operative level 

3.  Business Process Management cycle, operative level 

The main concept of organization of work in the EPES platform is the “collabora-

tive space”. This is a concept that is quite similar to the concept of workspaces on 

platforms like Microsoft SharePoint, including both data and business process (or 

workflow) models, but provides additional functionality in the sense of configured 

computational services e.g. simulation and optimisation, that can operate directly on 

structured data files on the underlying content management platform. 

Each collaborative space can also contain a customized semantic database of con-

textual data, which is used for organizing and linking together a possibly complex set 

of data, users, services and business processes. This context data provides a structured 



view of the contents of the collaborative space simultaneously from multiple points of 

view. 

Each collaborative space is typically built to manage activities related to a product 

or a family of products or services. It involves data that is shared between different 

organizational units, such as marketing, business analytics, design, engineering and 

use and service e.g. maintenance activities. The goal is to avoid any need to keep data 

on personal or group-accessible repositories. 

A methodology has been developed for managing the collaborative space. It is ad-

visable to establish the collaborative space right at the planning stages of a project, 

and to maintain it to the end. In the case of product development, the collaborative 

space can live and adapt to the needs of the organization throughout the stages of the 

product life-cycle. 

All content in a collaborative space is version-controlled. A collaborative space, or 

parts thereof, can be easily branched by creating a copy. This eases the parallel devel-

opment of product alternatives, of which the best one can be selected at a later stage. 

Some collaborative spaces are not used for projects, but for continuous activities, 

in which case the methodology proposes a business process management cycle of 

continuous improvement. 

This work environment can be extended beyond the group of people who directly 

participate in the development processes. This enables, for example, a more direct 

form of feedback from the users to the engineers. It also connects varies engineering 

disciplines, group of engineers and managers.  

Each of the actors in the defined Collaborative Spaces system has a role. The role 

could be, for example, an owner of the product, a user of the product, a service pro-

vider, a manufacturing or product-related engineer, a sales representative or a busi-

ness decision-maker. Using the collaborative parts of the EPES system, any group of 

actors in the product service system community can distribute knowledge, collabo-

rate, pin-point eco-constraints, bottlenecks and solve problems. 

4 EPES Use Cases 

The presented EPES approach is being applied in three industrial business cases (BC), 

to validate the proposed decision making solution within different application do-

mains, as listed here. 

BC1: Engineering maintenance services for optimizing maintenance and increasing 

availability of wind turbines. The decision processes involved here deal with the best 

scheduling of maintenance tasks to be taken for optimal maintenance of multiple wind 

turbines. The decision making and optimisation constrains include, service and opera-

tion history, weather conditions and forecast, availability of service resources and so 

on. 

BC2: Power grid control systems for improved identification of improved monitor-

ing of grid load and safety limits. Smart cable has features for temperature detection 

and monitoring at any point of the cable. Decision support methods are supporting the 

user in detecting trends in the grid load, ensuring thus that good load balancing deci-



sions will be taken. Also new cable design is supported, e.g. material saving has mul-

tiple impacts on manufacturing, logistics and installation of cable network. 

BC3: Support for optimized design and manufacturing of aircraft wings. Here, the 

decision support system addresses the optimal layout of manufacturing facilities in the 

conceptual design phase. User can fix some of the parameters of the facility, i.e. work 

shifts, cycle times and capacity, and the optimization returns the numbers of required 

facility elements; resources, personnel etc. The production data is aggregated with 

sustainability data to enable optimization in environmental point of view. 

5 Summary 

Sustainability-related issues are important and they are adding heavily to the com-

plexity of the design process. The amount of data that is needed for decision-making 

is growing and multiple parameters and constraints must be considered simultaneous-

ly. Because multiple engineering disciplines, multiple actors and multiple life cycle 

stages are involved in the goal of sustainability, multidisciplinary optimisation 

(MDO) and multi-objective optimisation (MOO) techniques can seldom be avoided. 

When these techniques and tools are provided as services, the transparency and trace-

ability of the decision making processes can be improved. 

The EPES platform is a tool for managing both technically and organizationally 

complex tasks in a distributed organizational environment, such as virtual factory. 

The platform combines existing enterprise IT tools into a platform that is flexible and 

configurable and supports the simultaneous management of knowledge from multiple 

viewpoints. 

Provision of engineering analyses and optimisation as services is one of the ad-

vantage of the EPES platform. When combined with knowledge management, com-

munication and collaboration, business intelligence, and business process modelling 

and execution, a comprehensive platform is created. Instead of several desktop appli-

cations, engineering islands of analysis, the EPES system provides both integration 

and automation of the assessment methods that are necessary for tackling sustainabil-

ity aspect. 

Instead of directly addressing sustainability, the focus of the platform is on stream-

lining the processes and integrating the existing tools that are necessary for addressing 

it. In practice, by reducing the amount of required effort, the application of the solu-

tion also results in more sustainable outcomes, by allowing the enterprise to more 

efficiently use the available engineering resources, both human and computational. 

The EPES approach is assessed in three companies from different sectors (wind 

farm maintenance, cable production and aeronautics), which represent typical exam-

ples of companies in need for such highly reconfigurable services to continuously 

optimize product performance and service delivery. 

The maintenance and other services of industrial products, investment goods or de-

sign of complex, multi-disciplinary engineering products and collaborative product 

process service development are promising application areas for the EPES system. 



EPES system is an enterprise application, thus it needs customization and integra-

tion to existing legacy and other engineering systems. First time service set-up, and 

integration requires high expertise. Exploitation plans of the development is ongoing  
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