Closing the Loop 

Plants that marry IT with engineering have the advantage when applying knowledge management to performance issues. 

By Leif Eriksen, Research Director, Manufacturing Strategies, AMR Research, Inc., Boston, Massachusetts 

In process manufacturing, the product is defined by the process that makes it. Small changes in process plant configuration can have a big impact on product yields and quality. Therefore, managing the product requires managing the knowledge necessary to design, build, operate, and maintain the plant. Nothing is simple about designing, building and operating a process plant; it requires a complex set of skills and knowledge across many functional boundaries. 

Process plant knowledge is not knowledge about transactions; it is knowledge about things. More specifically, it is knowledge about the relationships among equipment, materials, and people. This knowledge can be theoretical or practical. The following examples illustrate the point: 

• To improve the design or operation of a unit, a process engineer must bring together knowledge of process dynamics, actual equipment behavior, and human constraints. 

• To improve equipment reliability, a maintenance engineer must bring together knowledge of metallurgy, equipment specifications, and actual operating conditions. 

• To build a new process unit, a project engineer must know the actual physical layout, the characteristics of the different pieces of equipment and the skills necessary to execute the project. The diversity of information types creates a challenge for traditional IT products.

IT and process plant knowledge 
The work processes used to manage process plant knowledge are not much different today than before the introduction of IT. Each functional group owns a different slice of knowledge about a process plant. For example, process engineering owns the process knowledge, maintenance owns the equipment knowledge, and accounting owns the cost data. Exchange of data between different functional groups requires manual intervention and is subject to ever-shifting organizational dynamics. Efficiency is sacrificed for the complex protocols necessary to affect communication between the groups. In other words, most people recognize the connection between job security and exclusive knowledge ownership. 

The introduction of computers as a tool to manage knowledge did little to change the status quo. Early applications were built to satisfy the needs of the existing functional groups, and the resulting vendor communities only reinforced the relationships. After all, the vendors would not be what they are today without the support of the functional groups they serve. The proliferation of user group meetings is a testament to the strength of the relationship. 

Technological constraints also contributed to the development of single-function applications. Limited speed, memory, and data storage led to the creation of computers targeted at specific applications. The most notable example was the emergence of Digital Equipment (now Compaq Computer Corp., Houston, Texas) to provide the calculation capability required by engineering applications. Digital quickly became known as the engineer's computer company. Its operating system, VMS, became the platform on which most early engineering applications were built. 

Today, as process manufacturers target knowledge management as a strategic initiative, they are faced with functional silos of information, legacy IT that does not easily integrate, and uncertainty about the future of IT. A high-profile internal champion must emerge to make integrated process plant knowledge management possible. Without an internal champion, users will be relegated to challenging each functional group as they jealously guard their own systems. 


Who's in the driver's seat? 
Process manufacturers once designed and built their own plants. Many of them had monopolies, or near-monopolies, in the markets they served, and so kept process knowledge proprietary. As markets opened up, process manufacturers began to focus on efficiencies, and the design and construction of plants was outsourced. 

The main beneficiary of design and construction outsourcing was the engineering and construction (E&C) industry. Through much of the post-war era, the major E&C firms, such as Bechtel Group, Inc., San Francisco, Calif., and Fluor Daniel, Greenville, S.C., grew rapidly as partners of the process manufacturers, also known as the owner/operators. Indeed, some of the process design technology used in process plants today was developed by the E&C firms and licensed to process manufacturers. 

Regardless of ownership, E&C firms are the custodians of most process plant knowledge during the design and build phases of a project. After plant startup, they pass along the data and move onto the next project. The owner/operator is left to apply its own order to the knowledge. Plant knowledge follows a typical path from concept to design (see Figure 1). 

The E&C business model complicates the picture. E&C firms traditionally look at projects as independent, not duplicable, exercises. Not only does each client require different levels of project automation, different projects for the same company may not be consistent. As a result, many E&C firms pay for IT investments by charging the owner/operator a fee for the use of the technology. For example, a charge is applied for each hour of IT usage, as well as for the engineer's or designer's time. The owner/operator specifies the technology to use, but the engineering firm often influences the decision and acquires the necessary IT infrastructure. Although process manufacturers are the only party with a vested interest in life-cycle knowledge management, they often cede some decision-making control to the E&C firms during design and construction. 
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Lack of a clear focus forces the software vendors to straddle the fence. Although the process design vendors focus more on the process manufacturer and the computer-aided design (CAD) vendors focus more on the E&C firms, they each sell to both groups. Yet, as previously mentioned, the objectives of process manufacturers and their E&C partners are not necessarily in alignment. The former want integrated knowledge management systems to drive continuous improvement while the latter are more interested in maximizing margins for each project. The systems required by each party are, therefore, different. 

Two developments are changing the relationship between process manufacturers and their E&C contractors: 

• The movement of process manufacturers to award new projects on the basis of lump sum instead of cost-plus has provided E&C firms with a greater incentive to reuse knowledge.

• As E&C firms see margins in their traditional design-and-build business shrink, they are scrambling to leverage their knowledge to build new businesses, such as contract maintenance, contract manufacturing and system integration. 

The emerging E&C business models are more aligned with those of process manufacturers and, more importantly for the software vendors, focus both parties on life-cycle knowledge management. Software vendors are rushing to fill the void with acquisitions, alliances, and new products. 

Multiparty convergence: standards committees are the catalyst 
Although the work performed by standards committees has not resulted in widely adopted standards, the groups can be credited with stimulating debate. If not for the multitude of standards efforts during the last 10 years, the different parties might still be working at cross-purposes. 

A number of subcommittees and sister committees are associated with the main organizations. Considerable duplication of effort exists among the different committees. Indeed, keeping up with standards efforts has become a full-time job for some of the more active participants. As a result, a number of large process manufacturers have pushed to consolidate committees. 

Like most universal standards, those focused on process plant knowledge management suffer from trying to be all things to all people and from the conflicting agendas, hidden or otherwise, of participants. They also suffer from regional biases. The result: The rate of information technology change has quickly outpaced attempts to create a formal standard. 

Recommendations for users 

• Avoid trying to establish unique IT standards. The history of IT has favored de facto standards over official ones. Energy spent on trying to build new standards would be better spent working with vendors and commercial technology to meet your objectives. 

• Use the Internet to collaborate with partners. The Internet continues to push transaction costs toward zero. Leverage cost reduction to build collaborative partnerships. For example, drive down the cost of building new capacity by better collaboration with E&C firms during design and construction. 

• Bring IT and engineering together to manage process plant information. Engineers can no longer assume that their systems are different from business IT. On the other hand, IT must understand that engineering information requires a different approach to knowledge management than enterprise IT. 

• Change the way you manage knowledge. Process manufacturers and their E&C partners must do more with IT than simply automate manual processes. They must use IT to drive change in business processes.

Committees that initially focused on UNIX and file transfer protocol (FTP) now find themselves confronted with a world dominated by Windows NT and extensible markup language (XML). However, the efforts have served one valuable purpose: They provided a mechanism for the different parties, such as process manufacturers, E&C firms, and software vendors, to meet and discuss ideas. In some instances, the meetings have spawned new companies and commercial alliances. 

General-purpose IT meets the engineering world 
Moore's Law and Microsoft are driving IT platform convergence. The increased power and reduced price of general-purpose computers make their widespread use inevitable in engineering applications. De facto software standards, such as Microsoft's Windows NT, ActiveX and XML, allow better integration. The application vendors are reengineering their products around one or more of the standards. Although some observers see danger in the rising influence of one or two major players, most process manufacturers see de facto standards as an improvement from the days when every computer maker sold its own hardware, operating system and, in some cases, applications. A representative of a leading multinational chemical manufacturer commented, "Gates has done us a favor [by dominating the operating systems market]." 

The proliferation of PCs and the associated productivity applications have shown the value of easy-to-use, affordable IT tools. On the other hand, expensive, difficult-to-use engineering applications do not enjoy widespread use. An internal survey by a leading process manufacturer emphasized this point when it found that technology usage is only 20 to 30 percent across the organization. And much of that technology usage is confined to specific functional groups. Better knowledge use and reuse will require engineering applications that mimic the desktop IT ease-of-use and cost model. 

Emerging standards, de facto or otherwise, do not provide a perfect answer for process manufacturers with substantial investments in legacy systems. But standards do provide a basis for building a knowledge management strategy. Process manufacturers can develop a plan to prioritize application replacement and assess vendor compliance with emerging standards. Vendors can be assessed based on their plans to reengineer products, develop alliances, and replace legacy products. 

Closing the loop: A model-centric approach to knowledge management 
Closing the loop between the different phases of a plant's life requires effective knowledge management. If we refer back to our definition of process plant knowledge management as encompassing the relationship among equipment, materials, and people, then a model of the plant is a necessary starting point. The model must be more than a physical model; it must define the relationships between people and equipment. Engineering models only deal with the physical aspects of the plant. 

Process manufacturers need a more generalized IT model to manage the knowledge associated with a process plant. Process manufacturers should consider the product structure model of an electronic product life-cycle management (ePLM) application. ePLM vendors have approached the challenge by defining a process plant as a product of one. Indeed, effective process plant knowledge management may have to wait for a marriage between the ePLM world and the world of process engineering. 
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