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Welcome to the last newsletter for the OPTIMISED project.  

OPTIMISED is a collaboration of 10 partners including small and medium-

sized enterprises (SMEs), large industrial companies and research 

institutions from across Europe. This project is funded by the EU. 

The aim of this project is to develop novel methods and tools for 

deployment of optimised and reactive planning systems that incorporate 

factory modelling and simulation based on data captured using smart 

embedded sensors and pro-active human-machine interfaces for various 

industries.  

The impact of energy management on factory planning is specifically 

addressed within OPTIMISED demonstrator 2 and 3.  

In this edition of the newsletter we present the results from demonstrator 

3 which has been developed at Laing O’Rourke, an engineering 

construction company focused on the manufacturing of construction 

components in a controlled factory environment. 
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OPTIMISED Demonstrator 3 – Innovations and benefits for 
construction offsite manufacturing 

Overview and scope 

 

Figure 1. Explore Industrial Park and example products. 

Demonstrator 3 at Laing O’Rourke demonstrates the full capability of the OPTIMISED system including scheduling, AI based 

rescheduling and monitoring the production processes at Explore Industrial Park (EIP). EIP produces offsite manufactured 

components for Laing O’Rourke’s construction projects around the UK, see Figure 1. These large components are then 

transported to the construction sites and assembled together on-site. EIP is central to Laing O’Rourke’s Design for 

Manufacture and Assembly (DfMA) approach, as it ensures a unique self-delivery capability that leads the construction 

industry in driving greater levels of design standardisation and construction quality. Our manufacturing operations 

transform traditional construction methods into modern processes of assembly, using lean automation and quality 

assurance systems. The construction products manufactured typically have long process times and high work content which 

complicates the generation of an optimal production plan without advanced planning and simulation tools. 

 

Figure 2. Core of the OPTIMISED system is the live factory model. 

The OPTIMISED systems reads live data streams from the shop floor systems and installed sensors and combines this with 

Enterprise Resource Planning (ERP) data to seed the digital twin of the factory, see Figure 2. This digital twin enables the 

operations, planning and scheduling teams to view historical production information, monitor current production progress 

and run future production forecast simulations in the simulation model. The output of the digital twin is a feasible 

production schedule that covers past, current and future production.  



The production schedule describes the operations required for each order, their start and end times, and all resource 

demands. The schedule is always feasible due to the underlying simulation model that captures all relevant production 

constraints. Disruptions on the shop floor can be visualised and resolved in what-if scenarios. An integrated optimisation 

engine enables the OPTIMISED system to optimise the production schedule on service level and production costs. The 

optimisation can be used to calculate an optimised schedule for a certain time period, including an optimised reaction to 

disruptions. In particular, the impact of energy management on factory planning and optimisation has been specifically 

assessed and demonstrated to reduce energy waste and address peak demand. 

A look inside the OPTIMISED system and its innovations 

The focus and high-level objectives of the OPTIMISED project were to advance the state of the art in factory manufacturing 

management systems to integrate and optimise factory processes and resources. This was achieved through new 

architectures, integration patterns and technologies, simulation and optimisation models, an IoT data backbone and several 

other key components including dashboards, sensor technologies and their integration with legacy IT systems and energy 

management. 

The OPTIMISED architecture as depicted in Figure 3 was fully implemented in the Demonstrator 3 solution and is described 

in terms of the Message-Oriented Middleware, Central Data Storage (HBase) and multiple Data Providers. The OPTIMISED 

functionality for Demonstrator 3 includes Product Tracking, Production Simulation, Production Optimisation and Energy 

Demand Management with associated Dashboards.  

 

Figure 3. OPTIMISED architecture in Demo3. 

The Message Oriented Middleware (MoM) component of the OPTIMISED system architecture is the central information 

backbone of the OPTIMISED solution. One of the main advantages of using an innovative MoM is to facilitate the 

development and integration of loosely coupled applications. The MoM is modular and Operating System independent. 

Each partner was able to develop and test modules independently. The communication patterns implemented through the 

MoM have proved to be reliable and sufficient in meeting and supporting the specified OPTIMISED requirements. 

The Central Data Storage component implemented in HBase is a key component of the OPTIMISED solution and, due to 

the open structure of the MoM system, it is straightforward to add further decentralised data storage solutions as necessary, 

thus making the overall architecture and the Data Storage functionality extensible and scalable. A NoSQL Database approach 

was implemented to cope with the issues of data volume, diversity and lack of structure.  NoSQL does not rely on the fixed 

definition of table columns within a relational scheme to manage the increasing requirements. This involves the storage of 

data in a “not so strongly” structured way, neither concerning the context of data nor assuming a fixed data structure and 

this is a key advantage of using the NoSQL techniques for OPTIMISED. HBase is the selected NoSQL solution implemented. 

The Data Provider and Data Collector integrated to the ERP system and other systems providing machine data and 

project information data. This functionality was extended beyond the same components in Demonstrator 2 in response to 

the expanded scope and scale of Demonstrator 3.  The operation of the Data Provider and Collector has proven successful 

and there are good measures of successful operation and the support of enhanced factory processes in OPTIMISED.   



At the Demonstrator 3 site, the requirement for shop floor space usage visibility in certain factory areas (e.g. the BSS area) 

was highly desirable since it was not monitored by a production control system (such as UNICAM in other areas).  

Furthermore, the ERP system did not capture the product routings for the BSS area in real time so the work orders could 

not be traced in the factory effectively. Implementing a Real Time Product Location (Tracking) Sensors (RTLS) system 

provided the following: 

• Effective visualisation of products around the BSS area 

• Ability to assess shop floor space utilisation and potentially maximise shop floor usage 

• Similar capability to UNICAM system, which shows pallets location for HSC and BSC 

Figure 4 shows an example of a sensor that is part of the RTLS system attached to a production order.  

                                             

Figure 4. Sensor attached to a production order 

The implemented technologies of message-based communication, service-oriented signal processing, autonomous 

database storage, querying and visualization proved to be well suited for flexible sensor integration. The MoM and Central 

Data Storage for the overall OPTIMISED project have been flexible and comprehensive and coped well with sensor 

integration and signal processing, see Figure 5. This facilitated instantiation of the architecture for processing at the Edge 

and in Cloud deployment, demonstrating scalability and flexibility in the range of deployment options. 

 

Figure 5: Visualization of beacon position data. 

The Scheduling GUI is the user interface that allows the factory production planner to view any plan, create new plans and 

update any plan after a deviation. The Scheduling GUI was composed of two integrated components: a standard software 

system (DELMIA Ortems) and a custom solution named “OPTIMISED Shell”. 

The main input of the scheduling GUI is the output of the OPTIMISED Simulation component providing a realistic plan based 

on technical constraints. The scheduling GUI component displays the result for one specific simulation. Changing inputs 

through the scheduling GUI enables creation of a new simulation and this runs each time a new scheduling/planning 

parameter is modified. 

The Scheduling GUI was successfully implemented with integration between the two main components and the MoM 
through OPTIMISED-developed software.  



The Simulation model developed for demonstrator 3 is a key OPTIMISED component to assess the quality of a production 

schedule and the overall effectiveness of manufacturing operation. It allows a holistic evaluation of manufacturing 

performance for past time periods and allows forecasts for the near future incorporating real-time information on factors 

such as production program, or resource availability. Simulation results include aggregated KPIs, but also very detailed 

results such as starting/completion times of all operations. The simulation was fully integrated in the overall solution 

architecture, meaning, there is no direct interaction of a user with the simulation software.  Instead, all required input data 

(e.g. order data, workplans, staff availability) is fed into the simulation from other components of the demonstrator and all 

simulation results are sent back to the OPTIMISED systems and components via the MoM for displaying. The simulation 

results are displayed in the Scheduling GUI or in the Dashboards. Figure 6 shows the simulation of floor space within the 

factory. 

 

Figure 6: Space utilization of BSS building area. 

The Simulation component innovations include a holistic simulation of one-of-a-kind production system which resulted in a 

simulation object library that can be used for simulation of one-of-a-kind production in different industries with speed 

improvement of modelling by 25-30%. Integration of Simulation with other OPTIMISED applications and components 

enables triggering of each available function in the model (e.g. automatic model creation, start a series of experiments) 

from other OPTIMISED components (e.g. GUI and Optimisation components). 

The Optimisation model enables optimisation of Laing O’Rourke KPIs to produce better schedule solutions. The model 

can operate in daily mode and weekly mode to produce optimised schedules of different durations to meet the 

requirements of different factory operation stakeholders. The optimisation problem for factory scheduling was solved 

through the application of both Genetic Algorithms and Simulated Annealing techniques. The optimisation of schedules 

focused on the following KPIs: 

• Service Level  

• Tardiness  

• Maximum Delay  

• Production Costs  

• Energy KPIs   

o Energy Consumption  

o Energy Costs  

o CO2  

                  

Figure 7. Staff allocation dashboard 
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Visualisation from an end user perspective in a Production Dashboard was highlighted as a fundamental component to 

consider the outputs from production scheduling and the real-time data within Demonstrator 3. The Staff Allocation 

dashboard shown in Figure 7 combines real-time staff information with simulation results to support production 

supervisors in reallocating staff.  

 

Figure 8. Energy Dashboard Main screen 

The Energy Demand Management Tool (EDMT) in Demonstrator 3 included high resolution energy metering integration, 

an energy data, Demand Side Response (DSR) and Distributed Energy Resources (DER) management platform, an Energy 

Data Analytics UI, and an offline energy analysis model. The results of the EDMT implementation provide access to high 

resolution real time and historic energy, cost and embedded carbon data enabling better energy and sustainability 

management. The KPIs enabled and illustrated in the online energy data management platform and the offline energy 

analysis model are: 

• Energy consumption volume (kWh) 

• Energy purchase cost (£) 

• DSR value (£/kWh and £/kW) 

• Carbon content of energy consumption (gCO2 and gCO2/kWh) 
 

The Energy Dashboard Main screen (see Figure 8) provides various metrics around the LOR site energy consumption and 

more generic feature such as the weather (which could be valuable in predicting any onsite renewable generation such as 

solar PV) and current local time. 

Linkage from the Energy Demand Management to the OPTIMISED Simulation and Optimisation model components has been 

enabled by publishing live energy data to the MoM and providing input and decision parameters to these components. 

The OPTIMISED EDMT implementation has provided rich, detailed energy data sets through IoT and Cloud technologies in 

an industrial setting with a function rich and extensible dashboard. DSR is implemented in open loop on the EDMT platform 

with responses to the time-based Distribution Use of System (DUoS Red Band) network charge and System Price. The 

impacts of these DSR events to different threshold trigger levels and the benefits from DER implementation at the 

Demonstrator 3 site have been modelled in the offline energy analysis model with Solar Photovoltaic (PV) and battery energy 

storage technologies explored. 

Results and Improvements through OPTIMISED 
OPTIMISED demonstrated the effective application of the OPTIMISED tool kit in an industrial setting in three demonstrators. 

The effective application of Demonstrator 3 at Laing O’Rourke was demonstrated in different usage scenarios: 

• Scenario 1 “No Disruption” demonstrated how OPTIMISED can be used to create a production schedule, to follow this 
production schedule and to monitor production progress compared to this schedule.  

• Scenario 2 “Internal Disruption” captured how the various users use the system in the case of a disruption that affects 
the shop floor.  



• Scenario 3 “Demand Side Response Signal (DSR)” demonstrated how the OPTIMISED system supports managing the 
DSR signal.  

For the review of Demonstrator 3, the OPTIMISED project members went through the deployed scenarios with the end 

users and collected their feedback.  

With the implementation in Demonstrator 3, the OPTIMISED system showed the potential of the following improvements 

for construction offsite manufacturing: 

• Significantly reduced efforts for production planning and scheduling. At EIP, we could show a potential of 60 to 70% 

reduction of weekly tasks in scope of the OPTIMISED system.  

• Significantly reduced efforts for re-planning in the case of disruptions on the shop floor, at EIP we could show an average 

reduction by 50% per disruption.  

• Reduced production costs and increased service level. 

 

The OPTIMISED project delivered the following qualitative achievements to Laing O’Rourke:  

• Introduction of optimal computationally generated production scheduling  

• A digitalised factory status 

• An awareness of factory energy consumption factors 

• Transparency by explicit documentation of production constraints that impact decisions 

• Transparency about impact of disruptions on the shop floor 

• Fast evaluation of what-if scenarios to support decisions on how to resolve disruptions on the shop floor across projects 

and production lines 

• Potential to improve the estimation process 

• Increased visibility of yard availability and improved planning of the yard 

• Modular approach enables to tailor the system to changing needs  

 

Outlook 
The OPTIMISED system promises quantitative and qualitative improvements to Laing O’Rourke’s Explore Manufacturing 

site. To productionise the system, focus now has to be made on simplicity and usability. Discussions with various 

stakeholders showed the OPTIMISED system to bring value to the offsite construction industry in a wider context. Also, 

business functions outside manufacturing can profit from its introduction. The system can be used to provide project 

coordinators with reliable forecasts for delivery of their parts. The estimating team could use the manufacturing data 

collected within the OPTIMISED system to increase the reliability of their estimates by benchmarking production data 

against their previous estimate cost of products. Now that the art of the possible has been demonstrated in a constrained 

manufacturing environment a real opportunity exists to further develop and deploy this type of technology to on-site 

scheduling and planning operations to simulate, monitor and optimise on-site activities. 
 

 

Further technical information can be found on the project website including technical papers already published, other 

technical papers have been submitted for journals and conferences and are awaiting acceptance and publication. 

 

 

 

 

 

 

 

Contact Us 

You can learn more about this exciting project by 

contacting: 

 Project Director, Dr Graham Herries  

 gherries@laingorourke.com  

Dissemination and Exploitation Manager,Mehregan Alimi 
malimi@laingorourke.com 

Visit our website 

optimised-h2020.eu            @OPTIMISEDh2020 
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