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Abstract. A Knowledge Transfer Partnerships (KTP) is a UK-wide programme designed to enable 

businesses to improve their competitiveness, productivity and performance.  A KTP achieves this through the 

forming of a Partnership between a business and an academic institution.  The aim is to enable businesses to 

access skills and expertise from academics and embed this knowledge in their businesses in order to develop 

the business.  The knowledge sought is embedded into the business through a project, or projects, undertaken 

by a recently qualified person (known as the Associate).  Part funding is provided by the government towards 

the Associate’s salary and towards the release of an Academic supervisor who works a half a day a week at 

the company.  KTPs can vary in length from 6 months to three years, depending on the needs of the business 

and the desired outcomes.  Therefore a KTP enables new capability to be embedded into the business and has 

benefited and continues to benefit a wide range of businesses across many sectors in the UK, including micro 

sized, small and large businesses across many sectors. This paper describes a Knowledge Transfer 

Partnership project between the University of Hertfordshire and  a small and medium sized enterprise (SME) 

based in Cambridgeshire, UK. 
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1. Company History 

Acoustical Control Engineers (ACE) is a ‘small and medium sized enterprise’ (SME) based in 

Cambridgeshire, UK. ACE provides engineered solutions to noise and vibration problems and also provides 

acoustic consultancy solutions. ACE’s 25 personnel analyse and solve a wide range of acoustic problems and 

design, manufacture and install noise and vibration control solutions to these acoustic problems.  The 

projects undertaken include acoustic enclosures for supermarket refrigeration plant and for generators used in 

many situations, together with other more diverse applications such as controlling noise in the workplace, 

and even controlling noise on a luxury boat. ACE is a family run business.  Fig. 1 shows some of ACE’s 

products. 

 

 
Fig. 1: Weather Louvres, Cooling Tower Attenuation & Acoustic Refrigeration Plant Enclosure. 

At the moment the company’s legacy systems are made up of spreadsheet and paper based systems. 

These spreadsheets have been developed over many years for a range of business management purposes such 
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as basic handling of enquiries, some sales forecasting and contract management. There is no Customer 

Relationship Management (CRM) system as such.  Some spreadsheets have been developed for standard 

acoustic models whereas other acoustic analyses are developed on a case by case basis.  Most pricing for 

engineering products are undertaken using spreadsheets but these are not efficiently linked together causing 

significant duplication of effort and the other problems associated with ‘islands of automation’.  There is 

virtually no integration between pricing and manufacturing information with little computerised 

manufacturing control.  A Sage accounts package is used for invoicing, credit control etc.  Clearly there is 

significant room for improvements that can make a major difference to both efficiency and productivity 

within the company.  

An attempt was made to develop an ERP system within ACE but with day to day business demands there 

was insufficient time available to do so and the project stalled.  In order to reduce the time commitment the 

development was sub-contracted but it was taking nearly as long to specify the system in sufficient detail as 

to develop it in house, so this was also abandoned.  Subsequently a second attempt was made to develop the 

system in house, but this was futile. The company then considered purchasing an off-the-shelf ERP system to 

‘bespoke’ it where necessary to suit their requirements. 

During ACE’s pre-KTP research it became apparent that virtually all off-the-shelf ERP or CRM systems, 

could not properly model the relationships required.  Off-the-shelf ERP systems are very generic products 

which have to be configured or customised for each application. The vast majority of ACE’s products are 

unique for every project, greatly complicating a standard ERP systems implementation and restricting what it 

would be able to achieve in practice. However, whilst an ERP system represents a fairly large investment in 

itself, the implementation costs are likely to be at least as much as the initial system and frequently 

significantly more. Taking all of the above factors into account it became clear that a more appropriate 

solution would be for ACE to develop its own ERP system in house. A KTP was a perfect means to actualise 

the ERP development plan.  

1.1. System design and architecture 

This development approach is Agile, involving use of the Model View Controller (MVC) design pattern. 

It has proved suitable for effective collaboration and has allowed us incrementally develop only what is 

required.  

The system design identifies 5 component layers namely; the database, entity, service, presentation and 

user interface. It ensures a clean division of responsibility for code maintainability and scalability. The last 4 

layers are non-distributed and are deployed together into the same application server container. However, 

each layer is isolated by well-defined interfaces. They belong to the Model-View-Controller of the MVC 

design pattern. The last 4 layers are distributed from the database first layer and are connected to the 

database via JDBC. Further information on the system design can be found in [1].  

2. Enterprise Resource Planning (ERP) 

ERP systems enable businesses to reduce cost, increase efficiency and output by increasing the speed 

and accuracy with which they achieve their strategic objectives. Computers have a young history with the 

first batch processing systems being used in the 1960s. These would usually be for a single system within a 

department; for example payroll systems within an organisation were usually the first processes to be 

computerised.  Systems have now progressed to organisations having large centralised databases which can 

support multiple-users.  

ERPs are business wide information systems that aim to integrate all the information from many 

business functions such as Materials Requirements Planning (MRP) which calculates materials requirements 

and production plans to complete known sales orders and to forecast sales orders. An ERP system provides 

an integrated database for all parts of the organisation allowing decisions to be based on a complete 

understanding of the organisation’s information, avoiding the problems due to duplication of data and 

ensuring that the consequences of decisions in one part of the organisation are reflected in the planning and 

control systems of the rest of the organisation.   
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Prior to ERP systems, organisations data were typically spread across several separate information 

systems. For example, a firm could have separate systems for purchasing, order management, human 

resources, and accounting, each of which would maintain a separate data source. The aim of ERP would be 

to subsume these into a single seamless system.  Research has shown that system fragmentation is the 

primary culprit for information delays and distortions along the supply chain [2], [3]. 

Enterprise Resource Planning (ERP) systems provide an integrated database for all parts of the 

organisation allowing decisions to be based on a complete understanding of the organisation’s information, 

avoiding problems due to duplication of data and ensuring that the consequences of decisions in one part of 

the organisation are reflected in the planning and control systems of the rest of the organisation.  ERP 

systems became popular from the 1990’s mainly in relatively large organisations due to the complexity and 

cost of these systems.  This project is unusual in that rather than adapting an off-the-shelf ERP solution to 

ACE’s very specific and specialised requirements we are taking an ERP development approach in an SME 

whose legacy systems are made up of spreadsheet and paper based systems.  The initial attempt was to start 

developing the ERP from an Open Source ERP Source Code; however this effort was futile as a result of the 

bespoke nature of ACE’s business and product lines. Mapping ACE’s data model to the database which any 

existing ERP system could be adapted to, proved to be a very difficult problem. Therefore, developing the 

ERP from first principles was inevitable.   

2.1. Advantages of ERP systems 

An ERP system seamlessly integrates and manages an organisation’s data from various departments, 

automates its processes and provides valuable information required for efficient running of the organisation’s 

day to day activities. This results in better supply chain management, competitive advantage, reduced time-

to-market, and effective reaction to change in demand, lower operating cost, improved strategic planning, 

higher productivity, increased sales, increased margin, increased market share, easier reporting and improved 

customer service. ERP systems that interface with the internet play a vital role in globalisation. Firms would 

expect ERP systems to result in reduced costs, enhanced decision support, more accurate and up-to-date 

information, increased customer satisfaction, help to enable e-business, and the flexibility to change quickly 

[4], [5], [6]. 

2.2. Disadvantages of ERP systems 

Introducing an ERP system is a major task [7], [8].  However, if implemented successfully an ERP can 

aid the integration of the processes which then frees up time for the organisation to look at improving those 

processes [9]. Though early ERP systems focused on large enterprises, smaller enterprises increasingly use 

ERP systems [10].  Recent studies have indicated that nearly 30 to 50 percent of global ERP deployments 

worldwide are problematic ones [11],[12]. This is attributed to firms failing to manage their organisational 

needs at the same time as the technical implementation of their ERP systems [13].  

The problem with buying an off-the-shelf ERP product is that of compatibility with the company’s 

current business processes and practices. There is inevitably, some modification of an organisation’s working 

arrangements and systems to suit an off-the-shelf ERP system’s structure.  Whilst this may not be excessive 

for organisations that buy and sell widgets or assemble them into standard products, highly specialised uses 

require far greater modification both of the system and of the organisation’s working practices to achieve a 

workable compromise. Therefore, many companies have found it difficult to buy an ERP product and 

customise it to their present practices or change existing processes to fit in with an off-the-shelf ERP. There 

would also be considerable exposure to substantial ongoing maintenance costs and dependency upon the 

system supplier. In addition to the very significant implementation costs, there is a significant risk that the 

final system may be far from ideal.     

Obviously, ERP systems do have some limitations and this has been widely documented.  ERP’s can 

have a negative impact on the work practices and culture of an organisation [14], [15], [16]. Boiral [17] 

claims that there is a need for extensive technical support prior to its actual use. Birnholtz et al [18] and 

Schneberger [19] claim that it takes an average of 8 months after the new system is installed to see any 

benefits.  
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3. Academic Outcomes 

The Academic Supervisor for the project is a database expert with research interests in conceptual 

modelling.  The academic side of this project has provided input into the teaching and research at the 

University of Hertfordshire.   The KTP has provided case studies for the development of tutorials in 

Advanced Database Design modules and also case studies for MSC projects.  A Bill Of Materials case study 

will make a useful tutorial for the MSc Advanced Database course next year as it can help the students 

understand the necessity of using concepts such as inheritance and aggregation in conceptual modelling.  So 

far we have had two MSc projects directly linked to this KTP.  The first project had the title “Manufacturing 

a Bill of Materials – Conceptual Database Design” by a MSc student at the University of Hertfordshire.  This 

project looked at producing a relational database implementation for two of ACE’s products.  This was done 

from the point of view of the aggregation of the materials which went into each product in order to produce a 

Bill of Materials (BOM).   This is a challenging task to implement in a relational database as it involves the 

aggregation and/or inheritance of some parts by others and where also some of those parts can be used in 

other products.  The student’s solution was based on producing a BOM implementation for each product.  He 

produced a successful implementation and gave us a useful insight into a possible solution for the pricing 

module for quotations in the ERP.   

The second MSc project had the title “Is a Schemaless BOM database reliable?”  again by an MSc 

student at the University of Hertfordshire.   The purpose of this project is to compare a relational database 

and a schema-less NoSQL database implementation of a Bill of Material and answer the research question 

“Is a Schemaless BOM database reliable”?  A conventional relational database uses primary key and foreign 

keys to join tables and provide reliability and consistency of data throughout the database, controlling 

concurrency (multi-user use with transaction management) but NoSQL databases do not support joins, nor 

do they have the traditional support for transactions.  This student’s project will first implement a Bill of 

Material in a RDBMS and then implement the same database in a NoSQL schema-less database system.   In 

this project as we are taking new style databases and using ACE as a case study to implement a BOM in both 

types of databases. Therefore this project investigates whether a NoSQL schemaless databases might offer a 

better solution to a relational implementation.  As NoSql databases are structured in a hierarchical fashion it 

seemed feasible to investigate whether we could use this for a BOM (which does have a hierarchical 

structure), this then lead on to considering if we could develop a conceptual modelling technique for NoSql 

“schemaless” databases.   

As regards academic output the Associate, the director of ACE,  and the academic supervisor are writing 

a journal paper for the journal “Journal of Materials Processing Technology”.  The title of the paper will be 

“Automatic generation of a bill of materials based on algorithmic key building”.  Previous work in this area 

has been on automatic generation of a BOM based on attribute patterns [20].  We believe our solution is a 

more efficient solution than this previous work and we will outline our solution in the paper.  Our solution 

has been implemented in the Pricing and Quotation modules in the ACE ERP. 

4. Conclusion 

The project has helped the Academic supervisor identify new research themes and new up-to-date 

material as well as case studies which are now being used in the teaching of database classes and for MSc 

projects.  It has also been useful for the Academic supervisor to put academic theory into practice in a true 

business environment. 

In the past 3 months the various modules for the ACE ERP have come together and positive user testing 

has taken place.  We are aware of the problems which have occurred in other ERP deployments.  Many of 

these were due to the customisation of either the off-the-shelf software, or trying to change the existing 

processes to fit in with the software.  As ACE has developed its own ERP from first principles this has not 

been a problem for us and we aim to see the successful deployment of all the modules of our ERP system, 

before the project ends in late September 2014.  Research shows that it takes on average of 8 months after 

the new system is installed to see any benefits from an ERP system [21].  An ERP is a long-term investment 

with benefits arising in the medium to long term not the short term [22]. The project is due to complete in 
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September 2014 and it will be some time after this before we can see how the ERP system has increased the 

competitiveness of the company.  However, as would be expected the work undertaken developing the 

system so far has had several significant effects on ACE and acted as a catalyst for change in various parts of 

ACE’s business.  It has also contributed to the Academic content of university course and student projects. 
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