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This research documents the development of a performance measurement 

system for the delivery of pharmaceutical capital facility projects. The purpose of 

this research is to develop a system for evaluating pharmaceutical projects with 

metrics specific to the characteristics of these unique projects. The pharmaceutical 

industry is unique in its procedures and methods of manufacture and thus requires 

a distinct project management approach. The hypothesis for this research is that 

project performance tailored to the process of pharmaceutical projects can be 

measured, and that the industry norms may be established.   

There are six specific objectives that support main goal of this study: (1) 

Develop metrics tailored to pharmaceutical capital facility projects; (2) Develop a 

data collection system for validation and use of these metrics; (3) Collect data and 



 viii

develop a methodology for analysis; (4) Develop a reporting system that meets 

the needs of the industry for use of the metrics; (5) Validate and refine the 

performance measurement system based upon the collected data and industry 

experts’ opinions; and, finally (6) Provide lessons learned and recommend a 

direction for future studies.    

The primary contribution of this research is to provide the pharmaceutical 

industry a standard system for quantifying performance of their capital facility 

projects, ultimately establishing a methodology of developing the system for other 

industries. To do so, this research will provide a hierarchical structure of 

pharmaceutical project types as a framework enabling pharmaceutical projects to 

be properly grouped and benchmarked. Moreover, this research will produce 

industry-specific metrics tuned to the processes of pharmaceutical projects.  

Effective utilization of the metrics produced through this research requires 

their adjustment for location and time to ensure meaningful comparisons. Thus, 

procedures will be developed to produce a project database maintained in current 

dollars at a common location. In addition, this research will provide project 

performance norms for the principal pharmaceutical project types and will 

produce a customized report effectively showing and comparing project 

performance with the existing CII BM&M database as well as the pharmaceutical 

project database developed by this research. 
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CHAPTER 1: INTRODUCTION 

1.1 Research Motivation 

The increasingly competitive global economy requires organizations to 

adopt business strategies that increase the value of their facility delivery 

programs. Benchmarking is a technique widely accepted by industry to improve 

project performance and is a critical component of a mature project delivery 

system. Benchmarking gives organizations a methodology for gathering 

information and understanding project performance and best practices external to 

their organization, as well as internally. Whether the driver is cost, schedule, 

quality, or a combination thereof, benchmarking is an essential part of a 

continuous improvement process and capital facilities programs. 

In 2004, the revenues of the U.S. pharmaceutical and medicine 

manufacturing sector amounted to $144 billion, an increase of 42 percent since 

1998 (BEA 2006). Despite this sizeable growth, Jörg (1999) argued that a lack of 

benchmarking knowhow persists in the pharmaceutical industry even though there 

is no lack of benchmarking approaches and models. He suspected that this 

knowledge gap was not the result of insufficient information or a lack of 

understanding of the various benchmarking sequence models, but rather had its 

roots in deficits found in the fields of project organization, survey design, and 
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above all, methodological incompetence in respect to the processing and analysis 

of benchmarking information.  

When compared with other industries, pharmaceutical capital facility 

projects have a tendency to demand a distinct project management approach due 

to intense qualification and validation procedures, and other characteristics 

peculiar to the industry. For example, Cole (1998) reported that the 

pharmaceutical industry is unique in its procedures and methods of manufacture 

since the integrity of the products that the industry produces must be ensured by 

three main functions: current Good Manufacturing Practice (cGMC), Quality 

Assurance (QA), and Quality Control (QC). While these functions exist to some 

degree for all projects, they are more pronounced for the pharmaceutical industry 

due to the products manufactured. Another distinctive trait is that process 

equipment common to the industry tends to be a significant proportion of total 

installed cost (TIC), thus distorting factors such as TIC / process equipment, 

frequently referred to in the process industry as Lang Factors (Dysert 2001).  

With these considerations, this research develops industry-specific metrics 

and a performance measurement system tuned to pharmaceutical processes. 

Developing such a system enables the industry to measure performance for the 

delivery of pharmaceutical capital facility projects more accurately, to get 

meaningful project performance comparisons, and ultimately to establish credible 
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norms for project performance. By using this system and exploiting its output, the 

industry can find solutions to more effectively manage cost, schedule, and other 

resources for the delivery of pharmaceutical capital facility projects. This in turn, 

contributes toward reducing production costs for pharmaceutical products and 

ultimately assists in providing these products at lower price and better quality.  

 

1.2 Research Objectives 

The purpose of this research is to develop a system for evaluating 

pharmaceutical capital facility projects with metrics specific to the characteristics 

of these unique projects. Specific objectives include: 

 

1) Develop metrics tailored to pharmaceutical capital facility projects. 

2) Develop a data collection system for validation and use of these 

metrics. 

3) Collect data and develop a methodology for analysis. 

4) Develop a reporting system that meets the needs of the industry for use 

of the metrics. 

5) Validate and refine the performance measurement system based upon 

the collected data and industry experts’ opinions. 

6) Provide lessons leaned and recommend a direction for future studies.  
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1.3 Research Hypothesis 

The following hypotheses are established to meet the research objectives 

previously stated. 

 

H1: Meaningful consensus definitions of critical metrics for assessing 

the performance of pharmaceutical projects can be developed. 

 

The first hypothesis states that a reliable method of measuring project 

performance on pharmaceutical projects can be developed and that such a method 

would provide the means for evaluating the projects. This hypothesis also 

establishes that project performance can best be quantified by using absolute units 

such as costs in dollars, duration in days or weeks, and gross square footage 

(GSF). This eventually results in the development of pharmaceutical-specific 

metrics in absolute terms, tuned to the unique characteristics of the industry. 

These metrics are referred to as absolute metrics to distinguish them from the 

more common relative metrics that measure actual performance versus planned. 

Such metrics are believed by industry practitioners to convey more information of 

value over relative metrics. For more reliable comparisons of absolute cost 

metrics, adjustments for location and time are required, which ultimately produce 
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a pharmaceutical project database maintained in current dollars at a common 

location. 

 

H2: Norms for pharmaceutical project types can be established from the 

metrics developed. 

 

The second hypothesis posits that industry norms for pharmaceutical 

project types can be established. By providing industry norms for different project 

types and best-in-class performance, which indicates best performance in a 

particular subset, project stakeholders can compare their projects with the goal of 

improving project performance.  

 

H3: Differences in the performance of pharmaceutical projects can be 

quantified for pharmaceutical project types.  

 

The third hypothesis examines the difference in project performance 

among pharmaceutical project types. Conceptually, it is assumed that 

performance norms are different by project types and thus project stakeholders 

should recognize and manage the differences from the earliest stage of the project 

to the end. This hypothesis is tested with cost, schedule, or dimension metrics by 
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comparing samples from the pharmaceutical project database developed through 

this research. Recognizing the differences in performance for the different 

pharmaceutical project types allows stakeholders to set meaningful goals for 

performance improvement. 

 

1.4 Research Scope 

This research develops and validates a performance measurement system 

for pharmaceutical projects using actual project data and expert opinions. The 

survey instrument used for project data collection is based on the existing 

Construction Industry Institute (CII) Benchmarking and Metrics (BM&M) 

questionnaire that was modified to include data elements to measure the unique 

characteristics of pharmaceutical projects. Data collection, validation, and 

analysis are based on project data submitted from leading pharmaceutical 

companies affiliated with CII. The customized pharmaceutical project and 

aggregate key reports developed as feedback tools for projects, include data for 

performance and best practice use at the project and company levels, respectively, 

and provide a methodology for comparison against both the CII BM&M database 

and the pharmaceutical database.  

Data collected for this research provides initial validation for the 

developed metrics and system. In three subcategories of major pharmaceutical 
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project types (bulk manufacturing, secondary manufacturing and laboratories), the 

results of data analysis provide an approach for validation of the metrics and 

provides for the establishment of norms for these categories. The metrics and 

system developed in this effort have been validated and refined by industry 

experts participating in this research. In addition, more expert guidance was 

gathered by conducting pharmaceutical benchmarking forums and training hosted 

by the CII BM&M program. The validation process confirms that the system is 

applicable and valid to the industry, yet is responsive to refinement and update for 

future use. 

 

1.5 Organization of Dissertation  

This dissertation consists of nine chapters. Following this chapter, Chapter 

2 provides the background for this research and an overview of previous studies 

in the context of the pharmaceutical industry, benchmarking in the industry, and 

performance measurement systems. The research methodology is illustrated in 

Chapter 3, including the development of pharmaceutical metrics, the data 

collection instrument, and the data collection and reporting systems. This chapter 

also addresses the techniques for statistical data analysis and data conversion, and 

procedures for system validation and refinement. Chapter 4 explores the 

developed metrics in detail and Chapter 5 explains indices and procedures used 
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for location and time adjustment of absolute cost metrics. Chapter 6 provides 

descriptive characteristics of the project data collected. Statistical data analysis for 

the metrics is also documented in Chapter 6. Chapter 7 describes the 

pharmaceutical project and aggregate key reports from the developed reporting 

system and Chapter 8 documents system validation, refinement, and update. 

Conclusions, contributions, and recommendations are found in Chapter 9. 
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CHAPTER 2: BACKGROUND 

This chapter presents background information on the Construction 

Industry Institute (CII), the CII Benchmarking and Metrics (BM&M) program, 

the pharmaceutical benchmarking team, and other benchmarking organizations. In 

addition, an overview of the pharmaceutical industry and prevailing industry 

benchmarking and performance measurement systems are provided. 

 

2.1 The Construction Industry Institute 

The Construction Industry Institute (CII) was established in 1983 at The 

University of Texas at Austin to enhance the total quality, cost effectiveness and 

international competitiveness of the U.S. construction industry. CII is a 

consortium of leading owners, engineering and construction contractors, 

suppliers, and academia from both the public and private arenas. At the time of 

this research, CII’s membership consists of 96 organizations, including 52 owners 

and 44 contractors.   

Based on the joint effort of industry participants and academia, CII 

collaborates on important industry issues and provides guidance on best practices 

discovered through research. CII funds a research program with more than 30 

leading U.S. universities and develops research results that lead to best practices 
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for the entire industry to share and implement to improve project success. The 

research effort has produced more than five hundred CII publications organized 

under 14 Knowledge Areas which are further subdivided into Best Practices and 

Practices.  

CII’s mission is to add value for members by enhancing the business 

effectiveness and sustainability of the capital facility life cycle through CII 

research, and related initiatives such as benchmarking, product implementation, 

education, knowledge management, breakthrough, and globalization (CII 2006a).   

 

2.2 CII Benchmarking and Metrics Program 

The Construction Industry Institute (CII) maintains a statistically credible 

Benchmarking and Metrics (BM&M) program that provides industry performance 

norms, quantifies the use and value of Best Practices, and produces a means for 

companies to benchmark project performance and practice use against a large 

number of projects from industry. The objectives of the CII BM&M program 

include (CII 2002; CII 2006b): 

  

 Provide industry performance norms. 

 Provide a common set of industry metric definitions.  

 Quantify the use and value of best practices.  
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 Provide quantitative information to member companies on the 

benefits on overall project performance from using CII Best 

Practices. 

 Assist member companies in statistical measurements that can 

improve capital project effectiveness. 

 Facilitate the development and sharing of benchmarking knowledge 

within the industry. 

 Provide a credible and member-accessible database that is efficient in 

terms of resources required for data submission, analysis, and then, 

reporting of findings. 

 

The CII BM&M database is currently composed of 1,415 projects (788 

projects from 50 owners and 627 projects from 44 contractors) valued at over $65 

billion in total installed cost. 

 

2.3 CII Pharmaceutical Benchmarking Team 

Traditionally, the CII BM&M program has quantified and assessed project 

performance and use of best practices for member companies using high-level 

metrics such as project cost growth, schedule growth, and best practice scores. 

Competitive pharmaceutical benchmarking requires industry-specific metrics, 
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however. For example, the pharmaceutical industry expends a disproportional 

amount of resources in startup due to strict requirements for installation 

qualification (IQ), operational qualification (OQ) and process qualification (PQ). 

Also, process equipment common to that group influences total installed cost 

(TIC) metrics and tends to distort metrics with respect to equipment cost.  

Many pharmaceutical companies have developed internal systems for 

tracking project performance. There is a need, however, for a publicly accessible 

system with common definitions capable of supporting external benchmarking. 

Such a system should be defined by industry for use by industry, and it was such a 

need that led to the CII Pharmaceutical Benchmarking initiative.  

As part of this initiative, a team composed of industry representatives from 

five leading pharmaceutical companies (Abbott, Amgen, Eli Lilly and Company, 

GlaxoSmithKline and Merck), CII staff, and the author developed the scope for a 

performance measurement system tailored to pharmaceutical companies. The 

charter of the team was to: 

 

 Develop common metric definitions. 

 Develop a pharmaceutical project questionnaire revising the existing 

CII BM&M large project questionnaire.   

 Develop an online data collection and reporting system 
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 Collect pharmaceutical project data using the online system 

 Analyze and report findings using the online system. 

 

Regular meetings and conference calls, forums, and training sessions were 

conducted from March 2004 through December 2006, and provided valuable 

input for the development, validation, and refinement of consensus metric 

definitions, the data collection instrument, and the data collection and reporting 

systems. The author of this dissertation joined the team in September 2004. At 

that time, the author commenced with a literature review, formally developed the 

research objectives and hypotheses, and took part in the development of the data 

collection instrument, followed by collection and validation of project data 

submitted by participating companies. Furthermore, the author developed and 

applied cost adjustment procedures for location and time, analyzed the project 

data for initial validation of the developed metrics, and generated customized 

pharmaceutical key reports. Finally, the author created and performed a survey on 

the developed system, and participated in the refinement and modification of the 

system in response to industry feedback derived from forums, training sessions, 

and meetings held after the initial round of data collection. 
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2.4 Other Benchmarking Organizations and Pharmaceutical Initiatives 

In addition to the Benchmarking and Metrics (BM&M) program at the 

Construction Industry Institute (CII), other organizations provide benchmarking 

service for the construction industry as well. 

In 1987, Independent Project Analysis (IPA) was established to evaluate 

and benchmark construction project performance by performing quantitative 

analyses on project management systems (IPA 2006a). This organization has 

grown into a research and consulting firm and now serves more than 150 

companies across the globe. According to IPA, their mission is to conduct 

research for capital projects and project systems and to apply the results of that 

research to help the construction industry to create and use their capital assets 

more efficiently (IPA 2006a). IPA has performed research similar to the CII 

pharmaceutical benchmarking initiative (IPA 2006b). However, the research 

focused on identifying cost drivers, organizational effectiveness, and facility 

delivery strategies for the pharmaceutical industry rather than developing 

industry-specific metrics and performance measurement systems.    

In contrast, the European Construction Institute (ECI) is an organization 

more similar to CII. Established in 1990, ECI nurtures a unique community in 

Europe by developing and disseminating good practice (ECI 2006). According to 

ECI, their organization is Europe's only transnational network of construction 
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excellence, and has about 70 members from owners, contractors, specialists and 

support organizations in Europe (ECI 2006). ECI’s mission is to develop and 

share knowledge to improve the entire construction supply chain and 

competitiveness, and to support innovation. Task forces are formed, combining 

the experience and expertise of industry members with the research methodology 

and knowledge of academic researchers. Resulting research focuses on 12 

knowledge areas and is conducted and implemented by the participating 

companies as “Good Practices” (ECI 2006). ECI maintained an alliance 

relationship with CII from 1997 to 1999 for the benchmarking service that CII 

provided, but now ECI has its own project benchmarking database, which 

includes a significant number of European construction projects. Benchmarking at 

ECI was motivated in part by the “Rethinking Construction” movement in the 

U.K. Although their research area is quite broad, they have no effort for the 

development of industry-specific metrics and a performance measurement system.  
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2.5 Literature Review 

2.5.1 The Characteristics of the Pharmaceutical Industry 

According to BEA (2006) the U.S. pharmaceutical and medicine 

manufacturing sector grew 42 percent from 1998 to 2004. During this time, the 

pharmaceutical industry experienced fundamental changes caused by increased 

competition, industry globalization, and numerous mergers (McCormick 2003). 

McCormick also insisted that the industry faced multiple internal and external 

challenges such as high research and development costs, government regulations, 

and stringent manufacturing requirements. These changes and challenges seemed 

to cause sharp competition within the industry; raising the case for a relevant, 

timely, accurate and cost-effective pharmaceutical benchmarking system.  

The pharmaceutical industry employs unique procedures and methods of 

manufacture to ensure the integrity of the products it produces (Cole 1998). 

Carleton and Agalloco (1999) indicated that the prime objective of anyone 

working in the pharmaceutical industry, especially for product manufacturing, is 

to consistently manufacture products of the requisite quality at the lowest possible 

cost. As pharmaceutical products are critical elements in health care, they must be 

manufactured to the highest quality levels.  

Cole (1998) indicated that such quality concerns and requirements result 

in pharmaceutical manufacturing being a highly regulated business. At the 
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forefront of the regulatory bodies comes the United States Food and Drug 

Administration (FDA). Furthermore, manufacturing facilities within the 

pharmaceutical industry must meet current Good Manufacturing Practices 

(cGMP) regulations while complying with all other governing codes, laws and 

regulations promulgated by the FDA (ISPE 1997; Wrigley 2004). Regulatory 

requirements for pharmaceutical facilities are being continually tightened and are 

in effect not only for validation and qualification phases, but also throughout the 

whole life of the facilities, from conceptualization through decommissioning 

(Cole 1998; Kolkebeck 2005). As a result, the pharmaceutical industry has been 

highly conscious of the quality of its products, and the concept of process 

validation was developed and applied as a means for assuring the quality of the 

final product as well as fulfilling regulatory requirements. 

Due to these quality and regulatory requirements, pharmaceutical 

companies typically require considerable resources in terms of time, money, and 

specialized personnel to validate a pharmaceutical facility. According to Wrigley 

(2004), validation activities consume a significant percentage of time and money 

in most pharmaceutical capital projects and the validation cost has increased over 

the years, reflecting the higher standards required. For typical pharmaceutical 

plant expansion projects, total validation costs may run from 4 to 8% of the total 

project cost (Wrigley 2004). Furthermore, ISPE (1997) reported the 
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pharmaceutical industry has experienced a ratcheting effect in the cost of new 

facilities driven in part by uncertainty about the requirements for regulatory 

compliance.  

As validation costs increase, the cost and time required to deliver 

pharmaceutical facilities has escalated. Consequentially design, construction, 

commissioning and validation are significant challenges for manufacturers, 

engineering professionals and equipment suppliers (ISPE 1997; Wrigley 2004). 

Carleton and Agalloco (1999) argued that the design, construction, 

commissioning and validation of a new facility for the pharmaceutical industry is 

a complex process that involves the interaction of a wide variety of engineering, 

process and quality assurance, and control disciplines. They insisted that a new 

pharmaceutical facility can be delivered by proceeding through a series of 

different phases starting from a conceptual feasibility study through to detailed 

design, construction, commissioning, and final site validation activities. As a 

result, a pharmaceutical facility should be validated by phases with the following 

high-level criteria (Carleton and Agalloco 1999): 

 

 Design: The purpose of the facility, the product(s) to be 

manufactured, cGMP, and efficiency requirements, as well as cost, 
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must be considered. Everything needs to be documented – drawing, 

written specifications, and all other pertinent material.  

 Construction: Careful supervision is required to make sure that all the 

design specifications are being met.  

 Verification (Installation Qualification [IQ]; Operational 

Qualification [OQ]; and Performance Qualification [PQ]): The 

process of verifying that the constructed facility meets all the 

established requirements starts when construction commences and 

ends with the verification of the equipment and critical systems. IQ, 

OQ, and PQ of the equipment and critical systems should be 

documented, and design specifications and engineering drawings are 

modified if necessary.  

 Ongoing maintenance and monitoring: The last phase of qualifying a 

facility consists of establishing appropriate ongoing preventive 

maintenance, change control, cleaning, sanitization, and 

environmental-monitoring procedures. 

 

According to Aleem et al. (2003), while the definitions of validation and 

qualification for pharmaceutical facilities vary in terms of the wording, the 

essence is the same, e.g., ensuring that the process when operated under the same 
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prescribed conditions will consistently produce a product that meets the preset 

specifications and quality attributes. They also documented that validation has 

been broken down into a number of successive and systematic steps known as 

installation qualification (IQ), operational qualification (OQ), and performance 

qualification (PQ), and details of each step are as follows:  

 

 Installation qualification (IQ): Equipment is verified to match what 

was approved in the detailed design specification. IQ involves the 

facility and equipment but does not require the equipment to be 

operated unless, of course, this is necessary for some test. The 

purpose of IQ is to ensure that the facility in which the process will 

take place is suitable for the process, the environment in the facility is 

suitable, the utilities and services that the equipment requires meet 

these requirements and that the equipment itself is installed correctly. 

 Operational qualification (OQ): System is verified to perform as 

described in the functional specification. OQ involves operating the 

equipment but does not require the product to be introduced, again 

unless this is necessary to test a given function, and in this sense it is 

a dry run of the equipment. The purposes of OQ are to ensure that the 

equipment operates as specified and to check the performance of the 
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equipment as a whole after testing its individual components and 

controls. 

 Performance qualification (PQ): System is verified to meet the 

requirements dictated by a user-requirement specification. PQ 

involves introducing the product but does not address other aspects of 

the process such as handling and personnel.   

 

Although there are very detailed definitions for the IQ, OQ, and PQ, it 

should be pointed out that in practice there are no rigid lines between the different 

qualification stages. They rather tend to overlap and sometimes there is significant 

duplication of tasks at different stages (Aleem et al. 2003). 

  

2.5.2 Benchmarking in the Pharmaceutical Industry  

Organizations must have an effective and efficient benchmarking system 

to appreciate benefits from their efforts. According to Maleyeff (2003), 

performance benchmarking in the pharmaceutical industry has become a 

component of numerous certification and accreditation systems. For example, to 

be accredited by the Joint Commission on Accreditation of Healthcare 

Organizations (JCAHO), healthcare organizations must implement a performance 

management system based in part on the use of a common set of performance 
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metrics (JCAHO 2000; Maleyeff 2003). Guidelines for the Baldrige National 

Quality Program also include performance benchmarking as an important quality 

improvement technique (NIST 2002; Maleyeff 2003). In conjunction with these 

requirements, many organizations include benchmarking as a component of their 

performance management system and performance indices are used to quantify 

the ability of an organizational entity to operate successfully (Maleyeff 2003).  

According to Kennedy (1998) the pharmaceutical industry has been 

relatively slow to implement project management techniques such as 

benchmarking or performance measurement systems, when compared to other 

industries. One of the reasons might be that sharing of information is very 

sensitive and difficult due to sharp competition in the industry. Speed to market is 

a paramount concern for the industry (Leichter and Turstam 2004) and thus there 

is a negative perception towards sharing information with respect to products or 

even facilities producing the products. Another reason is the lack of a 

standardized system for performance benchmarking. This stems from the 

differences among industries regarding the nature of the benchmarking process as 

well as the complexity of the statistical methods involved (Maleyeff 2003). 

Nevertheless, Jörg (1999) argued benchmarking is needed in the 

pharmaceutical industry since it has enormous potential for raising organizational 

performance in efficacy and efficiency, and certainly provides valuable input, 
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especially in respect to current pharmaceutical trends and marketing focus. Jörg 

(1999) listed several requirements for successful benchmarking in the 

pharmaceutical industry: 

 

 Include experts from inside the company in the process itself, both at 

an early stage and as comprehensively as possible. 

 Identify the benchmarking partners 

 Utilize external consultants who can leverage the advantage of 

having a pool of internal and external benchmarking data readily 

available, as well as existing contacts with potential partner 

companies. 

 Conduct a thorough examination on benchmarking data stock with 

respect to contradictions, inconsistencies, and information gaps 

before data analysis. 

 Develop a report or graph justification showing the identification and 

visualization of performance gaps. 

 Interpret benchmarking results achieved by analytical means. 

 

In addition to Jörg’s requirement with regard to including external 

consultants, Wilkins (2003) also insisted that the efficient way to benchmark is to 
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join a benchmarking group, organization, or community where a number of 

companies with a common interest have agreed to share information to obtain 

access to and/or to help develop practices for the good of the entire membership. 

Maleyeff (2003) added that accurate benchmarking necessitated avoidance of 

comparing “apples to oranges”. 

  

2.5.3 Performance Measurement System 

Neely et al. (1995) defined a performance measurement system as the set 

of metrics used to quantify both the efficiency and effectiveness of actions and 

reported that a performance measurement system can be analyzed by asking 

questions such as: 

 

 What performance measures are used? 

 What are they used for? 

 How much do they cost? 

 What benefit do they provide? 

 

The first step for developing a performance measurement system is the 

selection of performance criteria. Guidelines for the selection of performance 
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criteria are suggested by Globerson (1985), Maskell (1989) and Neely et al. 

(1995) as follows: 

 

 Performance criteria must be chosen from the company’s objectives. 

 Performance criteria must make possible the comparison of 

organizations which are in the same business. 

 The purpose of the performance criteria should be clear. 

 Data collection and methods of calculating the performance criteria 

must be clearly defined. 

 Ratio-based performance criteria are preferred to absolute numbers.  

 The measures should provide fast feedback 

 

2.5.4 Literature Review Summary 

The literature reviewed in the previous sections provided background for 

this research, allowing the reader to understand the general characteristics of the 

pharmaceutical industry, benchmarking in the industry, and finally the framework 

for the development of a performance measurement system.  

The unique characteristics of the industry, from regulatory requirements to 

intensive validation and qualification, largely explain the increased resources 

required for pharmaceutical facility construction. Yet, the pharmaceutical industry 
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has been relatively slow to implement benchmarking due to organizational culture 

reluctance to share information. Sharp competition, and the lack of a standardized 

system for performance benchmarking have also stifled efforts at benchmarking. 

Nevertheless, benchmarking still has potential for improving the industry.   

The review introduced the definition of a performance measurement 

system and how to develop and analyze one. The guidelines for the selection of 

performance criteria were reviewed as a baseline for the performance 

measurement system developed by this research. 

It is important to note that previous studies have rarely researched the 

development and evaluation of pharmaceutical industry-specific metrics or 

benchmarking systems tuned to these processes. Most of these studies argued 

however, that the pharmaceutical industry is unique in its processes and needs to 

do benchmarking reflecting this uniqueness. 
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CHAPTER 3: RESEARCH METHODOLOGY 

The methodology used for this research is presented in this chapter. It 

discusses procedures of the development of a pharmaceutical project performance 

measurement system as depicted in Figure 3.1. The first step of the methodology, 

defining research objectives, hypotheses, scope and requirements, was already 

discussed in Chapter 1, followed by the introduction of the pharmaceutical 

benchmarking team and the discussion of the literature review results included in 

Chapter 2. Development of metrics, location and time adjustment procedures, 

specific results of the data analysis, the key report, and system validation, 

refinement and update are briefly explained in subsections and greater details of 

these sections will be provided in subsequent chapters. 

 

3.1 Development of the Pharmaceutical Metrics 

In order to develop pharmaceutical metrics specific to the characteristics 

of the industry, it was first necessary to identify and organize various types of 

pharmaceutical projects. As a result, a hierarchical structure of pharmaceutical 

project types was established as the initial framework for metric development, 

ensuring that projects to be benchmarked were properly grouped. Chapter 4 will 

detail the initial framework in which each type of project is listed, and the final 
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framework refined through system validation and refinement processes will be 

presented in Chapter 8. 
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Figure 3.1 Research Methodology 
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After the initial framework for benchmarking pharmaceutical projects was 

established, the team started to brainstorm specific metric definitions, considering 

the project types in the framework. A couple of hundred metrics were listed and 

discussed one by one to select the most essential and important metrics required 

to accurately measure pharmaceutical project performance. 

With the completion of the first screening, the prospective metrics were 

categorized as cost, schedule, and dimension metrics, depending on what each 

metric was intended to measure. For example, the total installed cost per gross 

square footage metric was assigned to the category of cost metrics since it 

measures project cost performance. Similarly, the project duration from design 

through operational qualification divided by gross square footage was expected to 

measure project schedule performance and was categorized as such as a schedule 

metric. By categorizing and reevaluating the metrics in each category, the purpose 

of each metric was identified more clearly. The metrics of which the targeted 

performance was ambiguous were recategorized or eliminated. About 50 metrics 

in the cost, schedule, and dimension categories (13 for all projects, 17 for bulk or 

secondary manufacturing projects, and 11 for laboratory projects) were finally 

selected as an initial set of pharmaceutical metrics. The application of these 

metrics and the roll up of specific project types in accordance with the 

hierarchical structure are the essence of metric development. These initial metrics 



 

 30 

will be discussed in more detail in Chapter 4, and the validation and refinement 

processes of the metrics will be presented in Chapter 8 including the final set of 

pharmaceutical metrics.  

 

3.2 Development of the Data Collection System 

3.2.1 Data Collection Instrument Development 

The development of a pharmaceutical project questionnaire was one of the 

major milestones for this research. The development included a review and 

modification of the existing CII benchmarking questionnaire, addition of new 

metrics, and intensive meetings with industry experts. The project team including 

the author discussed and identified the industry priorities and needs through 

monthly workshops and then developed the customized pharmaceutical project 

questionnaire as a data collection instrument.  

A major effort in the development of the data collection instrument was to 

identify, define, and organize pharmaceutical project cost, dimension, and 

characteristic data to be collected. Cost data are identical for the three major 

project categories while the dimension and characteristic data of laboratory 

projects differ from those of bulk and secondary manufacturing projects. The cost, 
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dimension, and characteristic data elements and definitions developed for the 

instrument are included in Appendix A. 

 

3.2.2 Data Collection Instrument Integration 

The pharmaceutical project data collection instrument was programmed 

for the CII Benchmarking and Metrics (BM&M) server to take advantage of CII’s 

web-based data collection system. This secure system has matured over the past 

seven years since its inception and is an efficient and cost-effective means for 

companies to benchmark a large number of projects. In order to permit a 

comprehensive analysis of project performance the metrics were integrated into 

CII’s large project questionnaire that tracks additional data. For example, to 

properly evaluate a project, knowledge of its nature, that is whether it was a grass 

root, modernization, or addition is essential to the final analysis. The CII large 

questionnaire enables the collection of this information and cost and schedule data 

for each project phase and the whole project. Critical information on project 

characteristics and environment, as well as the use of best practices developed by 

CII are measured as well. By collecting the use of the practices, the impacts of the 

practices on project performance can be identified and organizations may assess 

how to improve their performances.  
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Integrating the pharmaceutical data collection instrument into CII’s 

web-based data collection system facilitates use of an established and proven 

system and permits the comprehensive analysis of the pharmaceutical metrics as 

part of the complete project delivery system. 

 

3.3 Data Collection and Validation 

The data collection effort was initiated after completion of the 

development of the data collection system. The industry participants entered 

project data via the online data collection system and ultimately 40 

pharmaceutical projects were submitted. The characteristics of the projects will be 

presented in Chapter 6.  

Following data entry by the companies participating in this research, a 

data validation process was performed by both the industry experts and the author 

in order to minimize or eliminate inconsistencies or errors in the data. As part of 

this validation, distributions of data points sorted by three major project types 

(bulk manufacturing, secondary manufacturing, and laboratory) were reviewed by 

the project team to assess validity of metric definitions and the data collection 

process. This process and its results will be discussed in detail in Section 8.1.3. 

After the validation process was completed, the data were added to the CII 

BM&M database thereby creating a new pharmaceutical project database.  
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3.4 Data Analysis 

The data analysis commenced with normalization of the project cost data 

for location and time as discussed in Section 3.4.1, and proceeded to an 

investigation of the descriptive characteristics of the project data collected. 

Statistical analyses were performed to analyze the project data by the calculated 

metrics and the three major project types. Box and Whisker plots were generated 

to convey the distribution of project cost, schedule, or dimension metrics by 

showing the mean, median, minimum and maximum, second and third quartiles, 

and possibly outliers. By providing industry norms by project types and 

best-in-class performance, project owners, or managers may compare their project 

performance. The second part of the analysis examined the differences in project 

performances as measured by the metrics. For this analysis, T-test, and Levene’s 

test for equality of variances were performed.  

 

3.4.1 Location and Time Adjustment  

In the data collection system, project cost data are recorded in the local 

currency without regard to inflation. For meaningful cost performance 

comparisons, however, adjustments for location and time are required. By 

normalizing project cost data it is possible to compare more accurately cost 

performance for various projects at different locations and in different time 
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periods. To prepare data for such common comparisons, the raw cost data from 

actual projects must be adjusted first, and then the metric values may be 

calculated.  

With this goal in mind, the project team needed to select appropriate 

indices for location and time adjustment. The indices provided by Engineering 

News-Record (ENR), RS Means, Hanscomb Means, EC Harris, and Global 

Construction Cost & Reference Yearbook were reviewed. Criteria considered in 

making the selection included the availability of various project location indices, 

their adaptability to this research, familiarity of the participating companies, and 

cost-efficiency. Ultimately the indices published by RS Means and Hanscomb 

Means were selected. These indices have been used for internal benchmarking 

and estimating project costs by the participating companies and also by other 

pharmaceutical organizations who attended the pharmaceutical benchmarking 

forums and training sessions discussed in Section 8.1.2. The indices used, 

procedures, rules, and examples for the location and time adjustment are 

explained in Chapter 5. 
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3.4.2 Statistical Application Methods  

3.4.2.1 Box and Whisker Plot 

Box and Whisker plots provide the mean, median, the range and quartiles 

of the data, and possibly some outliers. The box which consists of the middle 50 

percent of the data is referred to as the inter-quartile range (IQR) and includes the 

second and third quartiles. Quartiles are used to categorize data in bins and are 

designated as first, second, third, and fourth. The first quartile is composed of the 

25 percent of the projects with the best performance and the fourth quartile comes 

from the 25 percent with the worst performance. The median is the cutoff between 

the second and third quartiles. For this research, the Box and Whisker plots were 

generated by using MINITAB® to present the norms for each metric and to check 

extreme outliers.  

 

3.4.2.2 T-test 

The T-test is the commonly used method to evaluate the differences in 

means between two groups. The test assesses whether the means of two groups 

are statistically different from each other. There are two underlying assumptions 

for this test: (1) the normality of the populations, and (2) the equal variance of the 

populations. For this research, the first assumption was tested by generating the 

normal Q-Q plots checking the normality of the data analyzed for the developed 
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metrics by the three pharmaceutical project types (bulk manufacturing, secondary 

manufacturing, and laboratory). In the plots, the distribution of a given dataset is 

graphically plotted against a distribution expected if the data are normally 

distributed. When the data are perfectly normally distributed, the line connecting 

each data point becomes straight. The closer the data points are to the line, the 

more normality exist. The second assumption was tested by performing Levene’s 

test as discussed in the following section. The output from the T-test provides 

p-values for both cases of “equal variances assumed” and “equal variances not 

assumed”. As a result, if Levene’s test reports unequal variances between groups 

at the significance level of 0.10, the p-value for “equal variances not assumed” is 

used as the result of the T-test. This indicates that the estimation procedure for the 

T-test adjusts for the unequal variances and thus the test result is still valid 

(Thomas 2003; Sakamoto 2004). The Statistical Package for Social Scientists, 

SPSS® was used to perform the T-test and the level of significance applied was 

0.10. 

 

3.4.2.4 Levene’s Test for Equality of Variances 

Levene’s test (Levene 1960; NIST 2006) was performed at the 

significance level of 0.10 to test if samples have equal variances, i.e., 

‘Homogeneity of Variance’. Levene's test is useful to compare the variances of 
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samples that are not normally distributed (MINITAB 2004). The null hypothesis 

is that population variances of two groups are equal. If the null hypothesis is 

rejected, the alternative hypothesis is accepted indicating that at one population 

variance is different from the other. Again, the SPSS® was used to perform the 

test. 

 

3.5 Development of the Reporting System 

The development of a pharmaceutical reporting system commenced with 

establishment of the specific comparison rule rolling up pharmaceutical project 

types in accordance with the hierarchical structure explained in Section 3.1. 

Pharmaceutical project types vary and thus each project should be compared with 

the most meaningful and similar projects. As a result, a new algorithm enabling 

the roll up was developed and integrated with the preprogrammed algorithm of 

the CII BM&M reporting system. In addition, a lookup table called the “Quartiles 

Table” was generated, based on the results from the data analysis. The table 

contains means, medians, and all quartiles for every metric within all possible 

comparison datasets. By linking the table to the reporting system, the algorithm 

may find the comparison dataset most similar to the project being reported and 

provide norms for the comparison dataset.  
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Using the reporting system, the Pharmaceutical Project Key Report for 

each project’s performance and Aggregate Key Report for each company’s 

aggregate performance sorted by the three major project types could be generated 

and returned to all companies that submitted projects. The reports are a 

convenient reference tool for projects, providing scores and comparisons for the 

developed pharmaceutical metrics at project or company level. The reports 

provide participating companies confidential, high level summaries of 

performance and best practice use with comparisons to CII’s BM&M database 

and specifically to CII’s pharmaceutical database. As explained, projects are 

compared with the most similar projects in terms of their types, nature, size, and 

location, producing the most meaningful comparison results. For example, a bulk 

manufacturing, biological, fermentation, and modernization project costing $55 

million would be compared to all bulk manufacturing, biological, fermentation, 

and modernization projects in the $50 to $100 million cost category if sufficient 

data are available for the particular category. For most pharmaceutical projects, 

the dataset is currently limited in size and this results in projects being 

benchmarked at the project type level (bulk manufacturing, secondary 

manufacturing, or laboratories). However, the system has the capacity to provide 

pharmaceutical metric norms and comparison results at the most detailed level 
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once sufficient data are cumulated. Chapter 7 will detail the project and aggregate 

reports by discussing some sections extracted from sample key reports. 

 

3.6 System Validation and Refinement 

After the project data collection, validation and analysis, the results from 

the analysis were reported to the companies through the reporting system. At this 

point, efforts were made to validate the overall system. Industry experts were 

surveyed in order to check if the system was applicable to their internal structure 

of benchmarking and if there was anything to be refined or added. As a result, the 

survey form solicited feedback on the initial metrics framework, definitions, and 

the data collection and reporting systems. The survey was distributed to industry 

experts attending the Pharmaceutical Benchmarking Forums and Trainings 

conducted in March, May, and June of 2006. Based on the feedback obtained, the 

system was validated in general, but some refinements were made to include more 

metric definitions and project types.  

By validating and refining the system, one can be convinced that the 

system is effective and credible for benchmarking pharmaceutical projects. A 

further strength of the system is that it is flexible and can incorporate additions or 

expansions in the future. Chapter 8 details the survey, and the forums and training 

sessions wherein the feedback for system validation was collected. Finally, the 
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final metrics framework and definitions from the refinement and update processes 

are discussed.  
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CHAPTER 4: PHARMACEUTICAL METRICS 

This chapter presents the development of the initial pharmaceutical 

metrics framework and provides a discussion of the metrics within the framework. 

Pharmaceutical industry absolute metrics for cost, schedule, and dimension are 

first presented, followed by the more traditional relative metrics which compare 

actual performance to targets. 

  

4.1 Initial Metrics Framework 

During the metric development stage, it became apparent that some 

metrics would apply to most pharmaceutical project types while others would be 

relevant to only a few types. For instance, laboratory projects required metrics 

that would not be meaningful to either bulk or secondary manufacturing type 

facilities. To address these issues and to ensure that projects to be benchmarked 

were properly grouped, the hierarchical structure shown in Table 4.1 was 

established as the initial framework for metric development.  
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Table 4.1 Initial Hierarchical Structure of Pharmaceutical Project Types 

Syringe

Delivery Device

Vial

Inhalants

Solid Dosage

Cream/Ointment

Biological 

Vaccines

Fermentation

Cell Culture

Biological 

Chemical 

Pilot Plant 
Chemical (small molecule) 

Pilot Plant Secondary 

Fill Finish 

Parenteral

Non-Parenteral 

Pharmaceutical Bulk 
Manufacturing

Pharmaceutical Secondary 
Manufacturing

Pharmaceutical          
Laboratory

Quality Control/Quality Assurance 

Vivarium

Process Development 
Stability

Clinical

Pharmaceutical Warehouse 

Research 

 

 

In the pharmaceutical industry, various types of projects exist and each 

project needs to be identified with a classification for the collection and analysis 

of data, and the reporting of findings. The classification should be at the most 

discriminating level applicable and be chosen based on the dominant type. At the 

beginning, seven major types were identified by the pharmaceutical team as 

follows: 

 

 Pharmaceutical Bulk Manufacturing 

 Pharmaceutical Secondary Manufacturing 
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 Pharmaceutical Laboratory 

 Utility Projects  

 Administrative Facilities  

 Medical Devices  

 Nutritionals  

 

Considering levels of discrimination, doability, and interests of each type, 

the last four types were excluded. Utility projects are very site-specific and thus 

comparisons of their performance may not be meaningful. In addition, 

pharmaceutical administrative facilities are not very distinguished from traditional 

office buildings, so that sometimes headquarters of pharmaceutical use facilities 

designed for general administrative purposes. In the case of medical devices and 

nutritionals projects, the appropriate levels of classification were difficult to 

determine due to the variety of final products, and the team had relatively less 

interest in these projects since they rarely perform these two types of projects. 

Consequently, the team agreed to first focus on bulk manufacturing, secondary 

manufacturing and laboratories and other categories could be incorporated if 

sufficient interest is recognized.  

In order to produce a pharmaceutical product, research and development 

in a laboratory environment is the first step towards production of a final product. 



 

 44 

Next, the active ingredients for the product are produced, and finally the 

ingredients are mixed with excipients to form a medicine that is administered to a 

patient in many forms ranging from tablets and capsules to injections, or cream 

supplied to the skin (ABPI 2006). Accordingly, pharmaceutical facilities are 

designed to accommodate the production requirements and can be generally 

categorized into bulk manufacturing, secondary manufacturing, and laboratories.  

Bulk and secondary manufacturing facilities projects include installation, 

automation and validation of process equipment, in addition to the facility 

construction itself, and sometimes require pilot plant construction. As a result, 

these construction projects are very different from laboratory projects that 

primarily are facility construction only. The pilot plant is a small version of a 

planned pharmaceutical plant, built to gain experience in operating the final plant 

and to prove or test methods that may be used in full scale plants with a modest 

number of units, reducing the risk associated with construction of large process 

plants (Barron’s 2000; McGraw-Hill 2003).  

Bulk manufacturing facilities produce the basic ingredients for the final 

products that are ultimately produced in secondary manufacturing facilities. 

Although both of these construction projects need process and pilot plant 

construction, the size, capacity, cost, and types of process equipment, pilot plants, 

and their control and technological systems vary. This causes different strategies 
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for designing, constructing, and managing each facility and thus, separate 

measurement and comparison of project performance is appropriate. 

Depending on the method for developing the ingredient, bulk 

manufacturing is divided into biological and chemical. As inferred, biological 

facilities produce living materials used in the manufacture of active ingredients 

whereas chemical facilities employ chemical reactions to create new molecules 

(ABPI 2006). Since these processes are so different, biological and chemical 

projects were listed separately under the bulk manufacturing category. As shown 

in Table 4.1, biological projects were further subdivided into vaccines, 

fermentation, and cell culture projects depending on techniques used to produce 

cells such as bacteria, fungi, or cultures of virus or animal cells (ABPI 2006). 

According to CIIPBT (2005) vaccine is one of the representative biological agents 

that come directly from animals or plants through fractionation processes or 

processes where an infected host is used. The product is manufactured in 

genetically engineered animals or plants and subsequently purified (CIIPBT 

2005). Fermentation is the process for growing bacteria, yeast or mold cells to 

produce a biological ingredient (CIIPBT 2005). A reactor is usually a fermenter 

where conditions are carefully controlled to optimize the growth (ABPI 2006), 

and is constructed by fermentation projects. Similarly, cell culture is a process 
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facilitating the growth of mammalian, insect or plant cells to produce a biological 

agent (CIIPBT 2005).  

Secondary manufacturing facilities produce the final product by mixing 

and filling ingredients produced during the bulk manufacturing processes and the 

product must be stored in highly controlled warehouses. In fact, secondary 

manufacturing projects can be grouped into three primary types: pilot plant 

secondary, fill finish, and pharmaceutical warehouse. As shown in Table 4.1, only 

fill finish was given additional breakouts divided into parenteral and 

non-parenteral depending on the ways of taking final products. A parenteral 

product is one intended for injection through the skin or other external boundary 

tissue, so that active substances they contain are administered, using gravity or 

force, directly into a blood vessel, organ, tissue, or lesion (ISPE 2006). Parenteral 

products are thereby dosed through a syringe or vial, or other delivery device. A 

syringe consists of a plunger fitted to a tube (barrel) that has a small opening on 

one end, and a vial is a small glass which is hermetically sealed by melting the 

thin top after filling (Wikipedia 2006). As a result, the facility and manufacturing 

process for filling drugs into syringes or vials and their finishing are very 

different, and are required to be separately benchmarked. This resulted in three 

separate subcategories under the parenteral category as shown in Table 4.1. The 

delivery device is a catch-all category for other than vials and syringes. 
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Non-Parenteral products are those taken through the alimentary canal in the form 

of inhalants, solid dosages (tablets and capsules), or creams/ointments. The 

manufacturing processes for the non-parenteral products differ by the methods of 

formulating, controlling, filling and finishing (ABPI 2006). Tablets, for example, 

are produced by five basic stages (mixing, granulating, drying, pressing, and 

coating) and need to use specific process equipment for drying, pressing, and 

coating that are different from equipment used for the production of inhalants or 

creams. In addition, the control system for tablets needs counters to ensure that 

the correct number of tablets go into a container while electronic weighbridges are 

necessary for creams or ointments to ensure that containers are full of the 

products (ABPI 2006). As a result, these manufacturing processes were 

considered different enough to require separate classification for benchmarking 

facilities construction projects.  

To accurately measure and compare performance for pharmaceutical 

laboratories projects, four types of laboratories were identified: research, quality 

control (QC) / quality assurance (QA), vivarium, and process development. A 

new pharmaceutical product is made of a mixture of biological or chemical 

ingredients that were developed by research efforts of scientists. Typically, 

research laboratories stand alone from other facilities and are generally either 

biological or chemical. Biological laboratories involve research with biological 
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materials and chemistry laboratory activities generally include mixing, blending, 

heating, cooling, distilling, evaporating, diluting, and reacting chemicals as part of 

testing, analyzing, and research experiments (CIIPBT 2005). In addition, the 

pharmaceutical industry is required to control and assure quality of products 

produced in batches since their products directly affect public health.  

Laboratories focusing on quality control and quality assurance are distinguished 

from research and process development laboratories in many significant ways. By 

taking samples produced in batches, the laboratories perform testing of raw 

materials and finished products and the testing may involve separation, 

identification, purification, and qualification of various compounds (CIIPBT 

2005). The project type for vivarium stands alone under laboratory types as the 

primary function of the facility is scientific research involving live animals. 

According to CIIPBT (2005) the facilities may include conventional holding, 

barrier facilities, breeding facilities, and testing facilities such as safety 

assessment and behavioral research. Lastly, pharmaceutical companies seek new 

or improved manufacturing processes to develop novel or more effective 

processes for their products. They also need to provide a safe and healthy work 

area for the activities associated with the handling of substantial quantities of 

toxic chemicals, petroleum fuels, compressed gases, and other hazardous 

materials for chemical processing experimentation (CIIPBT 2005). To fulfill these 
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needs, process development laboratories exist and can be further categorized into 

stability laboratories controlling the physico-chemical condition of a parenteral, 

biological, or shelf life of labile products, and clinical laboratories managing any 

experiment involving human health condition (ISPE 2006).  

Consequently, classification of the pharmaceutical project types in the 

hierarchical structure is essential to comparison of project performance of various 

pharmaceutical projects. When a pharmaceutical project submitted by a company 

is compared with those of its peers, the most accurate comparison results are 

produced. For example, the project performance of a syringe project, one of the 

project types under secondary manufacturing, fill finish, and parenteral in Table 

4.1, should be compared to that of other syringe projects in order to get the most 

meaningful comparison results. However, there may not be enough syringe 

projects to provide benchmarks. In this case, to obtain reasonable comparisons, 

the project is then compared with all projects in the parenteral category, rolling up 

to one higher level in the structure. If there are not enough projects at that level, 

the next potential comparison dataset for the syringe will be fill finish, followed 

by the highest level, that is secondary manufacturing. As in this example, all other 

subtypes can be compared to the similar projects within the boundary of the 

hierarchy. This is a strength of the structure developed for the benchmarking 
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system. For the purposes of this benchmarking effort, a project is defined as one 

building, or the inside battery limits (ISBL) area plus five feet of perimeter radius.  

The initial metrics framework was validated by industry experts to see if it 

properly groups pharmaceutical project types and was appropriate for the 

industry. This resulted in some modifications to the framework. Its validation and 

refinement processes will be discussed with the final metrics framework in 

Chapter 8. 
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4.2 Initial Metrics Definitions 

Having developed the initial framework for benchmarking pharmaceutical 

projects, brainstorming sessions were conducted with the team to identify specific 

metric definitions and select the most essential metrics to measure project cost, 

schedule, and dimension performance. These metrics are summarized in the 

following subsections and Chapter 8 will discuss validation and refinement 

processes for the metrics. 

 

4.2.1 Absolute Metrics 

The metrics discussed in this section are referred to as absolute metrics to 

distinguish them from the more common relative metrics that measure actual 

performance versus planned. These metrics are believed by industry practitioners 

to convey more information of value over relative metrics, making it possible to 

measure pharmaceutical project performance in terms of hard dollars, time, and 

gross square footage (GSF). Absolute cost metrics are calculated as ratios of 

actual dollar costs to other measures such as other costs, dimensions, and in some 

cases, counts. Absolute schedule metrics are calculated in a similar manner as 

ratios of various activity durations to dimensions or counts. Absolute dimension 
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metrics provide ratios of dimensions; usually square feet to other dimensions or 

counts.  

Tables 4.2, 4.4 and 4.5 present the absolute metrics organized by cost, 

schedule, and dimension. As footnoted in each table, some metrics can apply to 

all three pharmaceutical project types, or may be limited to just bulk, secondary 

manufacturing, or laboratory only.  

 

4.2.1.1 Absolute Cost Metrics 

Table 4.2 presents the absolute cost metrics. As previously noted, the 

metrics are calculated as ratios of actual dollar costs to other measures, which 

may be other costs, dimensions, and counts. For all three major pharmaceutical 

projects types, cost performance metrics are calculated as the ratios of total 

installed cost (TIC), facility construction cost, and hard cost to gross square 

footage (GSF) or gross cubic footage (GCF). In addition, commissioning and 

qualification cost, design and construction management cost, or soft cost per the 

total installed cost or hard cost are calculated to assess project cost performance. 

Actual definitions and breakdown structure of each cost are discussed later in this 

section. 
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Table 4.2 Pharmaceutical Absolute Cost Metrics 

Category Description
$TIC / $Process Equipment Cost1

$Hard Cost / $Process Equipment Cost1

$Process Construction Cost / $Process Equipment Cost1

$Facility Construction Cost / GSF
$TIC / GSF
$Soft Cost / $TIC
$Soft Cost / $Hard Cost
$Process Automation Cost / IO Point Count1

($Design & Construction Management Cost) / $TIC
$Facility Construction Cost / GCF
$TIC / GCF
($Commissioning & Qualification Cost) / $TIC 
($Commissioning & Qualification Cost) / $Process Equipment Cost1 

($Commissioning & Qualification Cost) / (Number of IQ & OQ Protocols)1

($Commissioning & Qualification Cost) / Validated Equipment Piece Count1

$TIC / Total Equipment Piece Count1

$Hard Cost / GSF
$Process Equipment Cost / Validated Equipment Piece Count1

$Process Installation Cost / Validated Equipment Piece Count1

$Soft Cost / Total Equipment Piece Count1

($Design & Construction Management Cost) / Total Equipment Piece Count1

$TIC / LF Benchtop2

$TIC / Lab Population2 

$TIC / Total Building Population2

$Hard Cost / LF Benchtop2

$Hard Cost / LF Hoods2

$Hard Cost / (LF Benchtop + LF Hoods)2

$Hard Cost / Lab Population2

$Hard Cost / Total Building Population2

Absolute     
Cost         

Metrics

 
1 Metrics for Pharmaceutical Bulk or Secondary Manufacturing Projects Only. 
2 Metrics for Pharmaceutical Laboratory Projects Only. 
IQ: Installation Qualification; OQ: Operational Qualification. 

 

 

Manufacturing projects must quantify the costs for process equipment, 

process automation, and process installation since those costs heavily influence 

the commissioning and qualification cost and of course, total installed cost (TIC), 
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driving project cost performance. With this consideration, metrics measuring 

those costs compared to the total installed cost, commissioning and qualification 

cost, or the total/validated equipment piece count were developed.  

When compared with the construction of bulk or secondary manufacturing 

facilities, pharmaceutical laboratory construction has some different aspects. 

Laboratories rarely have process equipment, but do have equipment or facilities 

for biological or chemical experiments, quality control and quality assurance, and 

process development. As a result, the efficacy in performance for total installed 

cost or hard cost can be measured by linear feet of benchtop or hoods, or by 

population density in the laboratories.  

Figure 4.1 shows the breakdown structure of pharmaceutical costs used for 

the absolute cost metrics. The total installed cost for a pharmaceutical project (one 

building or the inside battery limits (ISBL) area plus five feet of perimeter radius) 

consists of Hard Cost and Soft Cost, excluding costs for sitework, demolition, 

spare parts for equipment, and other facilities outside the ISBL such as parking 

garages. The hard cost is the sum of the costs for facility construction and process 

construction. The facility construction cost includes typical costs for foundation, 

sub and super structure, building enclosure, and roofing as well as interior 

construction, mechanical and electrical systems, and conveying systems such as 

elevators, escalators, lifts, and hoists. For bulk and secondary manufacturing 
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projects, process construction is necessary and its cost is the sum of the costs for 

process equipment, and installation and automation of the equipment. The hard 

cost also includes costs for construction equipment, permits, taxes, and temporary 

construction necessary to maintain functionality and operations of existing 

facilities. More details of these cost elements are included in Figure 4.1. 

The sum of the costs for commissioning and qualification, as well as 

design and construction management is referred to as the soft cost as shown in 

Figure 4.1. The design and construction management cost generally includes 

owner staff costs associated with labor and subsistence of personnel managing 

contractors, and professional service costs for engineering and construction 

management support. Typically, the commissioning and qualification cost is 

associated with fees for labor and subsistence of personnel documenting evidence 

of the physical completion of the facility, mechanical completion of equipment, 

installation and connection of utilities and the proof of systems operations. It also 

includes costs for qualification services for installation qualification (IQ) and 

operational qualification (OQ) performed by contractors or owners. As previously 

discussed, both IQ and OQ are essential for the pharmaceutical industry to 

consistently manufacture products of the requisite quality at the lowest possible 

cost. The IQ verifies that all aspects of a facility or system, that can affect product 

quality, adhere to approved specifications and are correctly installed. The purpose 
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of OQ is to ensure that a system operates according to written and pre-approved 

specifications throughout all specified operating ranges. 

 

Total     
Installed       

Cost

Hard Cost Soft Cost

Design & 
Construction 

Management Cost

Facility 
Construction Cost

Process 
Construction Cost

Commissioning & 
Qualification Cost

Process   
Equipment Cost

Process   
Installation Cost

Process   
Automation Cost

 

Figure 4.1 Pharmaceutical Project Costs Breakdown Structure 

 

4.2.1.2 Absolute Schedule Metrics 

For pharmaceutical projects, nine different phases were identified: (1) 

pre-project planning, (2) design, (3) procurement, (4) Demolition/abatements, (5) 

construction, (6) startup and commissioning, (7) installation qualification (IQ), (8) 

operational qualification (OQ), and (9) performance qualification (PQ). However, 

the phase for demolition and abatements were excluded from this research effort 

since most pharmaceutical companies do not track the data for the phase. The PQ, 
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verifying that a process or system consistently and reproducibly performs as 

intended, is also excluded since its completion is far later than that of OQ so that 

it takes too long to collect the data (ISPE 2006). As a result, absolute schedule 

metrics were developed for the seven phases left. 

 The durations for IQ and OQ usually make up a significant amount of 

time for the completion of pharmaceutical projects and thus should be considered 

when project schedule performance is assessed. IQ starts with drafting IQ 

protocols and finishes at approval of all IQ activities such as inspection and 

verification of installed process equipment, operating procedures and manuals, 

and developed protocols. A protocol is defined as a prospective plan, that when 

executed as intended, produces documented evidence that a process or system has 

been properly qualified (ISPE 2006). Similarly, drafting OQ protocols is the 

starting point of OQ and it finishes by obtaining approvals of developed 

protocols, operation ranges of process equipment, and test results of equipment 

per protocol. The typical start and stop definitions, and activities of each phase are 

included in Table 4.3.  
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Table 4.3 Pharmaceutical Project Phases Definitions 

Project Phase Start/Stop Typical Activities
Pre-Project Planning • Start:  • Options analysis

Defined business need that • Life-cycle cost analysis
requires facilities • Project execution plan

• Stop: • Appropriation submittal package
• Site layout
• Project scoping
• Procurement plan
• Architectural rendering 

Detail Design • Start: • Drawing & specification preparation
Design basis • Bill of material preparation

• Stop: • Procurement status
• Sequence of operations
• Technical review
• Definitive cost estimate

Procurement • Start: • Supplier qualification
• Supplier inquiries
• Bid analysis

• Stop: • Purchasing
• Engineered equipment
• Transportation
• Supplier QA/QC

Construction • Start: • Set up trailers
• Procurement of bulks
• Issue subcontracts
• Construction plan for methods/sequencing

• Stop: • Build facility & install engineered equipment
Mechanical completion • Complete punch list

• Demobilize construction equipment
Startup / Commissioning • Start: • Testing systems

Mechanical completion • Training operators
• Stop: • Documenting results

• Introduce feedstocks and obtain first product
• Hand-off to user/operator
• Operating system
• Functional facility
• Warranty work

Installation Qualification • Start: • Component identification
(IQ) Start drafting protocols • Protocol development, review and approval

• Stop: • Installation and verification of equipment
Approval of all IQ packages • Inspection of equipment (Calibrations)

• Operating procedures
• Operating manuals
• Preventative maintenance
• Spare parts 
• Drawings
• Utility checks

Operational Qualification • Start: • Operation range verification
(OQ) Start drafting protocols • Protocol development, review and approval

• Stop: • Testing of equipment per protocol
Approval of all OQ packages • Training of operators

Custody transfer to 
user/operator (steady state 
operation)

Release of all  approved 
drawings and specifications 
for construction 

Procurement plan for 
engineered equipment

All engineered equipment has 
been delivered to site

Commencement of 
foundations or driving piles

Total project budget 
authorized 
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Absolute schedule metrics, based on durations measured in weeks, were 

developed as listed in Table 4.4. For the schedule performance of bulk or secondary 

manufacturing projects, a key performance indicator is the amount of time spent in 

qualifying validated equipment and IQ and OQ protocols due to a significant 

schedule impact of their qualifications. Furthermore, since installation and 

operational qualification directly affects the quality of pharmaceutical products, the 

norms from these metrics may be used to estimate the time for qualifying each 

equipment or protocol to produce qualified pharmaceutical products. For all three 

project types, the durations from design through operational qualification divided 

by gross square footage or gross cubic footage can be calculated and compared, 

showing project schedule performance in absolute terms. These metrics measure 

the execution period, beyond planning, divided by project size. The list of 

equipment and the procedure for equipment piece count are included in Appendix 

A.  

 

Table 4.4 Pharmaceutical Absolute Schedule Metrics 

Category Description
(IQ thru OQ Duration) / (Number of  IQ & OQ Protocols)1

(IQ thru OQ Duration) / Validated Equipment Piece Count1

(Design thru OQ Duration) / GSF   
(Design thru OQ Duration) / GCF   
(Design thru OQ Duration) / Total Equipment Piece Count1

Absolute     
Schedule     
Metrics

 
1 Metrics for Pharmaceutical Bulk or Secondary Manufacturing Projects Only. 
IQ: Installation Qualification; OQ: Operational Qualification. 
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4.2.1.3 Absolute Dimension Metrics 

Absolute dimension metrics are calculated as the ratios of various areas to 

total area or to the population of expected occupants. Figures 4.2 and 4.3 show the 

dimensions breakdown structures for bulk and secondary manufacturing, and 

laboratory projects, respectively. 

The process space for manufacturing projects is directly related to product 

manufacturing and needs additional space referred to Process Related. This can be 

space for Process and Building Circulation for connection of process suites and 

building areas, Personnel to operate and maintain the manufacturing process, 

Material Handling to receive, store, stage and transfer raw material, consumables, 

finish goods, or waste, and lastly, Process Support including process equipment 

wash and preparation, and in-process or QA/QC laboratories when part of the 

manufacturing facility. Both manufacturing and laboratory projects need 

Mechanical and Shell space. As defined by the pharmaceutical benchmarking 

team, the mechanical space includes mechanical HVAC, building utilities, 

mechanical and service utility chases, and electrical rooms. The shell space is 

defined as building area where structure, primary utilities and exterior are 

completed with intention of future fit-out. 

As shown in Figure 4.3, Chemical/biological, QA/QC, process 

development, or vivarium laboratories are considered as Laboratory space. These 
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laboratories also need Laboratory Support space for glassware storage, cage 

washing, or waste neutralization, and Office and Circulation space for 

administration, conference, and laboratory operation and maintenance. More 

details of each space are included in Appendix A. 

 

Gross Square 
Footage

Pharmaceutical Bulk & Secondary 
Manufacturing Projects Dimensions

Process Space Process Related 
Space

Process & 
Building 

Circulation 
Space

Personnel 
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Process 
Support Space

Mechanical 
Space Shell Space

 

Figure 4.2 Dimension Breakdown Structure: Pharmaceutical Bulk and 
Secondary Manufacturing Projects 
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Figure 4.3 Dimension Breakdown Structure: Pharmaceutical Laboratory 
Projects 
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As previously noted, due to the different space characteristics between 

bulk or secondary manufacturing, and laboratories, the dimension metrics were 

developed as shown in Table 4.5. By using these metrics, the percentages of 

process, process support, or process related space to the total space can be 

identified and compared. These metrics are good performance indicators for the 

manufacturing projects since process, and its supportive and related space directly 

involves production of pharmaceutical products and thus is expected to provide 

maximized production capacity within the areas. As a result, the metrics are a 

measure of dimensional efficiency when compared to gross square footage. In 

contrast, the space for a laboratory and its supporting space per laboratory user, or 

linear feet of benchtop and hoods per person are desired dimensional performance 

indicators for laboratory projects. Using the metrics, efficiency of the spaces for 

scientists and their experiments can be measured, ultimately providing norms for 

the most appropriate size by the characteristics of laboratories. For all three major 

project types, the square footage of mechanical or shell space per gross square 

footage is measured. These metrics provide insight as to what portion of total 

space is used as each functional space, and this knowledge could be used for 

comparative analysis of internal or external projects. 
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Table 4.5 Pharmaceutical Absolute Dimension Metrics 

Category Description
(Process Space SF + Process Related Space SF) / GSF1

(Process Space SF + Process  Support SF) / GSF1

Mechanical SF / GSF
Shell Space SF / GSF
(Lab SF+ Lab Support SF) / Lab Population2

(LF Benchtop + LF Hoods) / Lab  Population2

GSF / Number of Total Building Population2

Absolute     
Dimension   

Metrics

 
1 Metrics for Pharmaceutical Bulk or Secondary Manufacturing Projects Only. 
2 Metrics for Pharmaceutical Laboratory Projects Only. 

 

 

4.2.2 Relative Metrics 

Tables 4.6 and 4.7 provide another class of metrics sometimes referred to 

as relative metrics. These metrics are often presented as percentages or ratios of 

planned versus actual, or in some cases, ratios of phase data to overall project 

data. These metrics are usually considered “softer” metrics in that they require 

additional data to assess bottom-line impacts. As mentioned before, an absolute 

metric such as hard cost per GSF is usually considered to provide more valuable 

information than the relative metric, project cost growth. The metric project cost 

growth compares actual cost to budgeted cost and is more difficult to interpret 

because performance depends on actual cost and the quality of the original 

estimate. It is expected that relative metrics will be used in conjunction with the 

absolute metrics for a more comprehensive assessment of pharmaceutical project 
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performance. Some of these relative metrics are specific to the pharmaceutical 

industry while others may be appropriate for various types of industrial facilities.  

 

4.2.2.1 Relative Cost Metrics 

Table 4.6 shows a set of the relative cost metrics. The Project Cost Growth 

metric is based on the planned vs. actual project cost and its formula is: 

 

Project Cost Growth  =
Actual Total  Project Cost - Initial Predicted Project Cost

Initial Predicted Project Cost  

 

 The actual total project cost is the total installed cost at project turnover, 

excluding the cost of land, and the initial predicted cost means the budget at the 

time of authorization.  A zero Project Cost Growth score means “on budget”, 

and numbers below zero or over zero indicate “under budget” or “over budget”, 

respectively. The absolute value of the cost growth score is also assessed and is 

called the Delta Cost Growth. Since lower values are generally better for relative 

metrics, the Delta Cost Growth metric measures performance as absolute 

deviation from the target. By using these two relative cost metrics, the 

relationship between the actual cost and the planned cost of a project can be 

assessed.  
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Phase Cost Growth metrics are similar to the Project Cost Growth metric 

in terms of the formation; however, phase cost metrics use the actual and planned 

cost of a phase instead of a project. For pharmaceutical projects, the cost growth 

of the installation and operational qualification phases are recognized as important 

indicators since the costs for the phases may heavily drive project cost growth. 

The phase cost growth metrics are defined as: 

 

Phase Cost Growth  =
Actual Phase Cost - Initial Predicted Phase Cost

Initial Predicted Phase Cost  

 

There is another set of relative phase metrics called phase cost factors. The 

phase cost factor calculates a metric value, between zero and one, indicating the 

percentage money spent on a particular phase compared to the total project cost. 

The sum of all phase cost factors for a single project should be equal to one unless 

there are missing values for any phases.  As previously noted in Section 4.2.1.2, a 

pharmaceutical project is composed of seven different phases and their cost factors 

can be calculated. The phase factors are defined as:  

 

 

 

 

Phase Cost Factors  =
Actual Phase Cost 

Actual Total Project Cost
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Table 4.6 Pharmaceutical Relative Cost Metrics 

Category Description
Project Cost Growth
Delta Cost Growth
Installation Qualification Cost  Growth
Operation Qualification Cost Growth
Pre-Project Planning Phase Cost Factor
Design Phase Cost Factor
Procurement Phase Cost Factor
Construction Phase Cost Factor
Startup & Commissioning Phase Cost Factor
Installation Qualification Phase Cost  Factor
Operation Qualification Phase Cost  Factor

Relative            
Cost               

Metrics

 

 

4.2.2.2 Relative Schedule Metrics 

Relative schedule metrics are listed in Table 4.7. Based on the planned vs. 

actual project duration, the Project Schedule Growth metric indicates if a project is 

completed “on schedule”, “ahead of schedule”, or “behind schedule”. The formula 

is as follows: 

 

Project Schedule Growth  =
Desing thru OQ Duration - Initial Predicted Design thru OQ Duration

Initial Predicted Design thru OQ Duration  

 

For pharmaceutical projects, the duration from design through operational 

qualification (OQ) is used as the execution duration for both the actual and planned 

components of the formula. The initial predicted project duration is calculated from 

the schedule established at the time of authorization. A zero Project Schedule 
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Growth score means that the project was completed on schedule.  A negative or 

positive number means that the project was completed ahead of schedule or behind 

schedule, respectively.  

The phase duration factor is the ratio of an actual phase duration to the 

actual overall project duration and defined as: 

 

Phase Duration Factors  =
Actual Overall Project Duration

Actual Phase Duration 

 

 

The actual overall project duration for a pharmaceutical project is defined 

as the duration from pre-project planning through operational qualification. The 

phase factor can be calculated for each of the seven phases. Typically, the sum of 

phase duration factors in a project is not equal to one due to the overlap among 

phases. However, the metrics are useful for establishing norms suggesting some 

relevant portion of time spent on each phase. 

  

Table 4.7 Pharmaceutical Relative Schedule Metrics 

Category Description
Project Schedule Growth (Design thru OQ)
Delta Project Schedule Growth  (Design thru OQ) 
Pre-Project Planning Phase Duration  Factor
Design Phase Duration Factor
Procurement Phase Duration Factor
Construction Phase Duration Factor
Startup & Commissioning Phase Duration Factor
Installation Qualification Phase Duration  Factor
Operational Qualification Phase Duration Factor

Relative            
Schedule           
Metrics
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CHAPTER 5: LOCATION AND TIME ADJUSTMENT 

Pharmaceutical project cost data are collected in the local currency 

reflecting different costs for material, labor, and equipment installation and rentals 

in the locations where the projects were performed. As a result, location and time 

adjustments are required for more meaningful and accurate comparisons of cost 

performance. The adjustments make it possible to compare project cost 

performance at a common location and time. This chapter provides an explanation 

of the indices and procedures used for the location and time adjustment. The first 

section introduces RS Means City Cost Index and Hanscomb Means City Cost 

Index used for the location adjustment for domestic and international projects, 

respectively, followed by RS Means Historical Index used for the time 

adjustments. The detailed procedures developed for the adjustments are presented 

in the second section. 

 

5.1 The Indices 

5.1.1 RS Means City Cost Index (RSMCCI) 

The RS Means City Cost Index (RSMCCI) is used to compare domestic 

project costs from city to city and region. The index contains average construction 

cost indexes for 719 U.S. and Canadian cities covering over 930 three-digit zip 
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code locations (RS Means 2005). The index for a city represents relative 

construction factors for material and installation costs including both labor and 

equipment rental costs, as well as the average for total installed costs. Therefore, 

if costs for constructing a facility in one city are known, those costs can be easily 

converted to the costs for constructing the facility in another city. To find cost 

differences between domestic cities for the purpose of comparisons, divide one 

city’s index number by that of the other city and then use the resulting number as 

a multiplier. The formula for the calculation is defined as follows: 

 

 

 

 

According to RS Means (2005) the RSMCCI does not take in 

consideration of factors such as the following: 

 

 Productivity variations between trades or cities 

 Managerial efficiency 

 Competitive conditions 

 Automation 

 Restrictive union practices 

City A Index 
             X  City B Cost (Known)  =  City A Cost (Unknown) 
City B Index 
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 Unique local requirements 

 Regional variations due to specific building codes 

 

Therefore, the limitations of RSMCCI suggest caution in that the factors 

excluded from the location adjustment may affect the accuracy of cost 

comparisons between projects performed in different locations. However, even 

though these factors are not explicitly addressed, they must be indirectly 

considered in some manner as overall total installed costs would be affected by 

the factors and RSMCCI takes average total installed costs into account. 

Moreover, considering the difficulties in quantifying direct impacts of 

productivity, project management performance, or unique local requirements on 

each cost item for a project, use of the published and validated indices may be still 

useful, and provide reasonable comparison results and cost efficiency for this 

research.   

Table 5.1 presents RSMCCI by years and cities in which domestic projects 

used for this research were performed. 
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Table 5.1 RS Means City Cost Index (Indices for This Research Only) 

City 1999 2000 2001 2002 2003 2004 2005

Albany (GA) 80.1 79.9 79.4 78.7 77.9 77.2 78.9
Boston (MA) 116.7 116.6 115 115 115 115 115.4
Boulder (CO) 85.3 85.3 85 84.1 84.6 92.8 92.7
Chicago (IL) 110.9 110.7 111.4 112 113.6 112.5 111.6
Doylestown (PA) 104.2 105.2 106.2 106 105 105.3 104.6
Indianapolis (IN) 95.4 94.5 94.9 95.9 94.6 94.3 94.2
Knoxville (TN) 80.4 80.2 79.6 79.6 79.3 78.6 78.7
Los Angeles (CA) 110.6 109.6 108.5 108.3 107.5 108.3 106.8
Lafayette (IN) 89.8 90.4 91.1 92.2 90.7 89.7 88.4
Philadelphia (PA) 111.9 111.9 111.4 111.2 111.4 112.1 113.6
Raleigh (NC) 78.2 77.3 76.6 76.2 75.7 75.5 76.3
San Juan (Puerto Rico)  87.6 86.3 85.2 85.8 86.5
Seattle (WA) 104.6 105.7 104.4 105.4 103.4 104.1 105
Worcester (MA) 107 107.2 106.1 106.5 106 108 108.6  
(RS Means 1999 to 2005) 

 

5.1.2 Hanscomb Means City Cost Index (HMCCI) 

Conceptually, it is complicated to compare construction costs between 

countries on an equal footing since the use of exchange rates are required for 

measuring relative price differences between locations or times in a common 

currency, and different countries have various accesses to skilled labor, and costs 

for labor, material, and installation and rentals of equipment. Additionally, each 

country has different codes and regulations, various climate and weather 

conditions, different seismic design requirements, user demands, or design styles 

and conventions for construction projects (Hanscomb 2004). Another major issue 

here is that construction companies do not build the exactly same facility in every 
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country (Hanscomb 2005). However, the increased globalization in the 

construction industry demands the ability to estimate the construction cost of a 

facility in other countries, despite a lack of knowledge. Similar to the RS Means 

City Cost Index discussed in the previous section, the international index from 

Hanscomb Means, one of the indices for international projects, is used to convert 

the construction cost in one country to the equivalent of another country.  

According to Hanscomb (2004) there are two primary approaches for 

measuring cost differences between countries: representative and comparative. 

The representative approach attempts to measure cost differences for functionally 

similar, but not necessarily the same, construction while the exact same facility is 

the basis for the comparative approach. Some level of judgment and interpretation 

are usually required for constructing and preparing a representative index since 

functional and regulatory requirements of each location vary. As a result, the 

comparative approach, which is easier to prepare, is more common for indices 

(Hanscomb 2004).  

The Hanscomb Means City Cost Index (HMCCI) uses the comparative 

approach and is one of the indices most frequently used for international projects 

cost conversion. The index is shown in Table 5.2 by countries and years. Chicago 

is used as the base city with an index of 100 and other cities in over 30 countries 
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have their own indices. Using the indices similar to RSMCCI, cost difference 

between international cities can be calculated as follows: 

 

 

 

 

Table 5.2 Hanscomb Means City Cost Index (Indices for All Cities)  

Country City April 
2000

October 
2000

April 
2001

October 
2001

April 
2002

October 
2002

April 
2003

October 
2003

April 
2004

October 
2004

April 
2005

October 
2005

Austria Vienna 100.4 88.1 91.9 96.6 90.9 103.3 110.8 122.8 126.9 126.6 129.0 116.8
Belgium Brussels 103.1 92.1 95.7 100.7 93.9 106.5 112.9 123.4 128.4 129.8 134.8 120.4
Czech Prague 62.3 57.1 59.2 61.4 65.4 76.2 77.4 85.9 85.6 87.3 94.9 89.4

Denmark Copenhagen 116.1 102.6 107.6 113.4 106.5 120.8 129.1 144.0 149.6 147.9 153.3 139.5
Finland Helsinki 117.6 105.7 111.2 116.3 103.5 116.4 123.2 138.3 140.9 143.0 145.2 134.2
France Paris 104.9 93.6 97.2 102.5 96.0 108.5 117.7 131.3 135.2 134.6 141.9 130.6

Germany Berlin 100.8 88.1 90.1 94.1 86.7 97.9 103.6 114.1 115.9 114.1 117.3 106.5
Gr. Britain London 127.1 116.7 115.1 119.4 117.4 131.3 135.7 146.0 160.9 158.7 163.6 155.0

Greece Athens 100.7 90.3 93.5 99.9 94.2 110.8 120.0 137.4 143.8 146.7 153.6 143.3
Ireland Dublin 101.6 95.8 98.9 107.5 100.5 114.7 119.5 128.0 134.1 132.2 136.7 125.2

Italy Rome 93.8 83.2 86.1 90.7 85.7 98.4 106.0 118.4 120.8 123.8 126.4 115.6
Nether. Amsterdam 93.8 83.7 89.1 95.0 89.2 101.5 109.8 124.4 126.7 125.5 129.6 119.2
Norway Oslo 104.7 94.8 98.3 105.3 102.6 121.2 122.4 130.1 128.5 130.9 135.1 130.0
Poland Warsaw 76.3 67.7 79.6 78.5 81.1 80.9 81.3 86.0 84.2 89.2 98.4 98.1

Portugal Lisbon 90.1 80.4 82.5 87.7 82.2 93.5 100.7 112.0 114.8 114.3 118.6 107.7
Russia Moscow 127.8 125.0 119.2 118.1 121.4 118.7 127.9 129.2 126.7 138.4 122.5 120.0
Spain Madrid 69.9 62.8 64.9 0.4 65.3 73.6 79.6 87.7 91.5 91.1 94.0 86.1

Sweden Stockholm 111.0 100.4 93.7 93.3 95.1 109.1 114.2 129.5 129.2 133.8 135.3 122.2
Switzer. Zurich 126.5 116.0 117.8 128.4 120.2 135.5 144.5 151.4 155.5 155.4 157.5 143.1
Turkey Istanbul 79.9 80.3 72.0 58.8 67.0 69.9
Brazil Sao Paulo 65.5 62.8 56.5 45.4 56.2 34.9 41.4 52.4 51.8 53.6 55.5 68.4

Canada Toronto 74.3 73.6 69.9 70.9 70.2 71.7 76.9 87.4 86.2 90.5 94.0 96.8
Mexico Mexico City 77.7 79.7 79.2 80.5 85.5 77.4 73.8 74.4 73.8 71.3 72.3 75.6
U.S.A Chicago 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Australia Sydney 85.9 78.2 71.2 71.8 72.8 81.8 89.3 105.6 114.1 105.4 117.6 114.6
China Shanghai 61.7 61.1 61.1 61.7 59.6 59.6 58.9 59.5 57.3 57.3 56.1 56.8
Japan Tokyo 151.6 144.9 123.0 129.5 111.6 119.1 118.7 129.7 132.2 130.7 128.3 120.6

Malaysia Kuala Lumpur 52.3 51.2 50.5 49.6 48.8 48.4 49.0 51.2 50.9 50.6 50.9 51.6
N. Zealand Auckland 69.2 56.3 55.8 56.4 60.4 65.1 79.8 89.1 98.4 99.8 106.4 104.2
Singapore Singapore 92.9 91.9 90.6 85.7
Thailand Bangkok 58.6 51.4 49.3 50.0 50.7 51.5 51.9 57.0 59.0 55.9 59.8 56.0  

(Hanscomb 2000 to 2005) 
 

City A Index 
              X  City B Cost (Known)  =  City A Cost (Unknown)
City B Index 
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The indices were calculated based on a 150,000 square foot, single story, 

owner-built, and owner-occupied manufacturing facility (Hanscomb 2006). The 

values are called comparative indices, which measure cost differences for the 

exact same construction at all locations.  

According to Hanscomb (2006) there are, however, some limitations to 

consider when the indices are used, which warrant significant caution: 

 

 Effects of local regulatory and code requirements, seismic design 

guidelines, design styles, and climate on design are not measured. 

 Capital cost items such as site work, furnishings and equipment, 

process related requirements, land and associated costs, financing, 

and value added or use taxes or any other recoverable tax are 

excluded. 

 

Most significant limitation of HMCCI is that the indices are generated 

based on a single facility model that does not consider changes to design for the 

regulatory or environmental factors. This is because their impacts on project costs 

are difficult to determine, using the model approach that the Hanscomb Means 

employs (Hanscomb 2006). However, even though the cost impacts of the 

specific design issues are not directly measured, they affect costs for labor, 
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material, and equipment installation and rentals and thus must be considered in 

some indirect manner when the indices are prepared. Therefore, as far as caution 

that the location adjustment using HMCCI may not guarantee perfect comparisons 

or estimations of costs for different facilities affected by other regulatory or 

environmental factors in different countries is warranted, use of the indices can be 

one of the approaches for the time adjustment.  

     

5.1.3 RS Means Historical Cost Index (RSMHI) 

The RS Means Historical Cost Index (RSMHI) shown in Table 5.3 can be 

used to convert project costs at a particular time to the approximate costs for some 

other time (RS Means 2005).   

By using one year’s index divided by that of the other year as a multiplier, 

costs for different years in the same city can be estimated and compared. The 

equation is as follows: 

 

 

 

 

 

Index for Year A 
                X Cost in Year B (Known) = Cost in Year A (Unknown) 
Index for Year B 
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Table 5.3 RS Means Historical Index  

Year Actual Yeal Actual
July 2005 151.6 1977 49.5

2004 143.7 1976 46.9
2003 132 1975 44.8
2002 128.7 1974 41.4
2001 125.1 1973 37.7
2000 120.9 1972 34.8
1999 117.6 1971 32.1
1998 115.1 1970 28.7
1997 112.8 1969 26.9
1996 110.2 1968 24.9
1995 107.6 1967 23.5
1994 104.4 1966 22.7
1993 101.7 1965 21.7
1992 99.4 1964 21.2
1991 96.8 1963 20.7
1990 94.3 1962 20.2
1989 92.1 1961 19.8
1988 89.9 1960 19.7
1987 87.7 1959 19.3
1986 84.2 1958 18.8
1985 82.6 1957 18.4
1984 82 1956 17.6
1983 80.2 1955 16.6
1982 76.1 1954 16
1981 70 1953 15.8
1980 62.9 1952 15.4
1979 57.8 1951 15
1978 53.5 1950 13.7

Historical Cost Index (Jan. 1, 1993 = 100)

 
(RS Means 2005) 

 

 

The use of RSMHI also has some limitations as follows: 

 

 Inflation rates vary by location, but a national average rate is used for 

different locations.  

 The indices may not match the exact time period for which an index 

is needed.  

 The most recent available index is used for the current year. 
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According to RS Means (2005), the average inflation rate of 30 major U.S. 

cities serves as a national average. As a result, the exact inflation rate of each 

location may not be reflected into the time adjustment for project costs. In 

addition, RSMHI is published once a year and thus the inflation rate for the exact 

time period required for accurate time adjustment comparisons may not match. 

Although there are such limitations, RSMHI can be one of the efficient way of the 

time adjustment, considering various inflation rates for different cities or 

countries and their frequent fluctuation during short time periods. 

 

5.2 Location and Time Adjustment Procedure 

As noted before, the project cost data are collected in the local currency 

without consideration for inflation. As a result, for more meaningful comparisons 

of project cost performance among different locations and time periods, the raw 

cost data from actual projects must first be adjusted for location and then time, 

and then values of the developed cost metrics may be calculated, using the 

adjusted cost data.  

The adjustment procedures for this research are composed of three steps; 

the conversion for exchange rates, location, and time, respectively. Figure 1 

summarizes the adjustment procedures. The first step is to apply the exchange rate 

at the midpoint of construction for the various cost elements submitted in local 



 

 78 

currency (LC) to obtain the project cost in US dollars for that location. For 

international projects, the project cost in local currency is divided by the exchange 

rate and for domestic projects, an exchange rate of one (1) is applied since no 

conversion is necessary. The next step is to convert the project cost in US dollars 

at its original location to the project cost in US dollars at a common location, 

Chicago. For the location adjustment, the Hanscomb Means City Cost Index 

(HMCCI) (Hanscomb 2000 to 2005) is used for international projects and the RS 

Means City Cost Index (RSMCCI) (RS Means 1999 to 2005) is used for domestic 

projects. Chicago was selected as a common location since HMCCI converts 

project location costs in US dollars directly to Chicago costs in US dollars. Since 

all conversions introduce some errors, this can minimize location conversion 

errors introduced by unnecessary factors converting the Chicago costs obtained by 

HMCCI to the project costs in other cities. As a result, all domestic project costs 

are also converted to Chicago. Lastly, time adjustments are made using RS Means 

Historical Index (RSMHI) to convert all project Chicago costs recorded at the 

midpoint of construction to current dollars in Chicago (RS Means 2005).  
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Step 1: Exchange Rate Application
 
 
 
 
 
 
 
 
 
 
 
 
Step 2: Localization 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 3: Time Conversion 
 
 
 
 
 
 
 
 

   Project Location Cost (LC)
                                                  = Project Location Cost (USD) 
            Exchange Rate*  
 

*- Domestic: 1 USD = 1 USD 
  - International: 1 USD = X. XXX LC 

    Project Location Cost (USD)
                                                         = Project Chicago Cost (USD) 
   Historical Localization Factor * 
 
 
   * - Domestic: Project City Cost Index / Chicago City Index   
      (Source: RS Means City Cost Index at the Midpoint of Construction) 

 

   - International: Project City Cost Index / 100 
    (Source: Hanscomb Means City Cost Index at the Midpoint of Construction) 

      Project Chicago Cost (USD)
                                                            = Project Chicago Today’s Cost (USD) 
  Historical Time Conversion Factor * 
 

* The Index at the Midpoint of Construction / The Index at the Present Time 
   (Source: RS Means Historical Cost Index at the Present Time) 

 
Note: For process equipment cost apply steps 1 and 3 only. 

Figure 5.1 Location and Time Adjustment Procedures 

 

 

For ease of use, RSMCCI, HMCCI, and RSMHI were consolidated by the 

author, generating a Pharmaceutical Cost Conversion Index Table. It was used as 



 

 80 

a lookup table for a programmed algorithm calculating the developed cost 

metrics. Table 5.4 shows a portion of the lookup table. 

 

Table 5.4 Pharmaceutical Cost Conversion Index Table 

Project   
ID Location City Reference Closest City Midpoint of 

Construction Index Date
Closest 

City 
Index

Chicago 
Index

Chicago 
Historical 

Index

Chicago 
2004 
Index

10001 International Harlow         
(UK)

Hanscomb 
Means

London       
(UK) 7/28/2002 10/1/2002 131.3 100 128.7 143.7

10002 International Paris          
(France)

Hanscomb 
Means

Paris         
(France) 5/15/2003 4/1/2003 117.7 100 132 143.7

10003 International Kinsale        
(Ireland)

Hanscomb 
Means

Dublin        
(Ireland) 4/2/2003 4/1/2003 119.5 100 132 143.7

10004 International Windlesham    
(UK)

Hanscomb  
Means

London       
(UK) 6/14/2004 4/1/2004 160.9 100 143.7 143.7

10005 International Juncos         
(Puerto Rico) RS Means San Juan     

(Puerto Rico) 2/7/2003 7/1/2003 85.2 113.6 132 143.7

10006 Domestic Bristol         
(TN) RS Means Knoxville      

(TN) 6/16/2004 7/1/2004 78.6 112.5 143.7 143.7

10007 Domestic Worcester      
(MA) RS Means Worcester     

(MA) 9/14/2002 7/1/2002 106.5 112 128.7 143.7

10008 Domestic Chicago        
(IL) RS Means Chicago      

(IL) 5/29/2003 7/1/2003 113.6 113.6 132 143.7

10009 Domestic Indianapolis     
(IN) RS Means Indianapolis   

(IN) 1/30/2000 7/1/2000 94.5 110.7 120.9 143.7

10010 Domestic West Point      
(PA) RS Means Doylestown    

(PA) 9/22/2002 7/1/2002 106 112 128.7 143.7

10011 Domestic Thousand Oaks  
(CA) RS Means Los Angeles   

(CA) 7/17/2004 7/1/2004 108.3 112.5 143.7 143.7

10012 Domestic Indianapolis     
(IN) RS Means Indianapolis   

(IN) 2/10/2004 7/1/2004 94.3 112.5 143.7 143.7  

 

 

In cases where the HMCCI or RSMCCI do not provide a cost index for the 

city in which a project was constructed, the city is replaced with a “Closest City”, 

as determined by the industry representatives submitting the project data. In 

addition, the midpoint of construction may vary from project to project while 

Hanscomb Means provides two indices per year and RS Means does one index 
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per year. As a result, there is a need to establish an Index date. For example, if the 

midpoint of construction of a domestic project is September 14, 2002, the 2002 

RSMCCI for the project city and the 2002 RSMHI would be implied for location 

and time adjustment, respectively. If it is an international project, the HMCCI of 

the project city for October 2002 would be used for the adjustment for location 

and the 2002 RSMHI would be used for time adjustment.   

The following is a summary of the cost adjustment rules for project cost 

conversion: 

 

 Cost data are input in local currency. 

– In the cases that multiple currencies are used for a project (i.e., 

engineering being done in multiple locations), one dominant 

currency in a location should be selected by the industry 

representatives submitting the project data.  

 The midpoint of construction is recommended for the conversion of 

exchange rates. However, the midpoint of construction may or may 

not be used since the actual data was determined by the industry 

representatives. In future, the rates will be determined by using 

preprogrammed algorithm finding exact exchange rates at the 

midpoint of construction.  
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 The midpoint of construction is used for the conversion of location 

and time. 

– The index date is generated based upon the midpoint of 

construction, indicating the year for the RS Means or Hanscomb 

Means index used for conversion. 

– For domestic projects, employ RSMCCI for that year if the 

midpoint of construction is between January 1st and December 

31st. 

– For international projects, employ HMCCI for April of that year 

if the midpoint of construction is between January 16th and July 

15th, otherwise, use the index for October. 

 For location adjustment, use RSMCCI for domestic projects and 

HMCCI for International projects. 

– Use RSMCCI for projects performed in Puerto Rico. 

– For project cities not found in RS Means or Hanscomb Means, 

the closest or representative cities will be determined by the 

Benchmarking Associate. 

– All project costs except process equipment cost are adjusted for 

exchange rates, location and time. Process equipment cost is 

adjusted for time only. 
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 RSMHI is used for both international and domestic projects to adjust 

for time. 

 The database is adjusted forward each year for inflation and 

comparisons. 

 

More clear detailed discussion of cost adjustment procedures and 

examples are provided in Appendix B. 
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CHAPTER 6: DATA ANALYSIS 

This chapter presents a descriptive analysis of the project data collected, 

followed by the discussion of specific results of statistical analysis on the 

developed cost, schedule and dimension metrics. The first section details the data 

characteristics by project type, nature, size, as well as by further breakouts in the 

hierarchical structure. Using Box and Whisker plots, the second section provides 

the mean, median, the range and quartiles of the data, and some outliers for the 

calculated metrics and the three major project types. Next, the results of the 

T-test, and Levene’s test are summarized with the discussion of differences in 

project performance for the three major pharmaceutical types. Lastly, limitations 

of the statistical analysis are noted, followed by the section summary. 

 

6.1 Descriptive Analysis 

Data on 40 pharmaceutical projects were obtained using the developed 

online data collection system. The data collection effort was managed to enable 

reporting analysis results for each of the major pharmaceutical project types: bulk 

manufacturing, secondary manufacturing, and laboratories. In order to protect the 

confidentiality of the participating companies, the pharmaceutical benchmarking 

team has instituted a policy requiring minimal data submission prior to reporting 
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norms for the developed metrics and comparing project performance with the 

norms. This policy requires that data from a minimum of 8 projects from 3 

separate companies be available prior to the publication of benchmarking results. 

To meet the requirement the author coordinated closely with the participating 

companies to ensure that sufficient project data were submitted for the three 

pharmaceutical project types.  

Figure 6.1 illustrates the distributions of the 40 projects by their three 

major types. Pharmaceutical laboratory projects make up 45 percent of the 

projects (18) and pharmaceutical bulk manufacturing constitute 30 percent (12). 

The remaining 25 percent of the projects (10) are secondary manufacturing.  

Although statistical analyses on the developed metrics were performed by 

the major types, it is also important to check the distribution of the projects by 

other project characteristics to support the analysis results discussed in Section 

6.2. As a result, more breakdowns by project nature, size and location were 

reviewed and depicted in Figures 6.2 trough 6.4. 
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Figure 6.1 Distribution of Projects by Type 

 

 

Figure 6.2 shows the distribution on the projects by project type and 

nature, using the CII BM&M classifications of addition, grass roots, and 

modernization. An addition project refers to a new addition into an existing 

facility, often intended to expand capacity. A grass roots project is a completely 

new facility from the foundation up. A modernization project is a facility for 

which a substantial amount of the equipment, structure, or other components is 

replaced or modified, and which may also expand capacity and/or improve the 

process or facility. As shown in Figure 6.2, grass roots projects make up the 

largest portion with 40 percent, or a total of 16 of the projects. The remaining 24 

projects are evenly distributed into the addition and modernization classification. 
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It is of interest that half of the bulk manufacturing projects (6) were for 

modernization whereas half of the secondary manufacturing projects (5) were 

additions. This may imply that when the data are categorized by the project types, 

bulk and secondary manufacturing projects may be affected by the characteristics 

of modernization and addition projects, respectively.   
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Figure 6.2 Distribution of Projects by Type and Nature 

 

 

Figure 6.3 depicts the distribution of projects by project type and size in 

U.S. dollars. Half of the projects (20) have a total project cost between $15 

million and $50 million. Almost 28 percent of the projects (11) have a total 
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project cost of greater than $100 million, with the rest (9) split nearly evenly 

between $50 million to $100 million, and the less than $15 million categories. 

Considering project type and size, most projects in each pharmaceutical type are 

distributed into a total project cost between $15 million and $50 million or greater 

than $100 million.  
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Figure 6.3 Distribution of Projects by Type and Size 

 

 

The geographic distribution of the projects is shown in Figure 6.4. The 

domestic category includes projects performed in either the U.S. or Canada. The 

majority, approximately 75 percent (30), of the projects are domestic, with 

international projects accounting for the remaining 25 percent (10). The 
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international projects were performed mostly in Europe (4) and Asia (3). In 

addition, the proportion of international projects within the secondary 

manufacturing category is highest at 30 percent, followed by bulk manufacturing 

(25 percent) and laboratories (22 percent). 
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Figure 6.4 Distribution of Projects by Type and Location 

  

 

The distribution of the 40 projects by project type, nature, size, and 

location are summarized in Table 6.1.  
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Table 6.1 Summary of Pharmaceutical Projects Database  

Project Characteristics Number of  Projects 
(Total = 40)

Bulk Manufacturing 12
Secondary Manufacturing 10
Laboratory 18

Addition 12 (B: 2, S: 5, L: 5)
Grass Roots 16 (B: 4, S: 3, L: 9)
Modernization 12 (B: 6, S: 2, L: 4)

<$15MM   4 (B: 1, S: 2, L: 1)
$15MM ~ $50MM 20 (B: 5, S: 4, L: 11)
$50MM ~ $100MM   5 (B: 2, S: 1, L: 2)
>$100MM 11 (B: 4, S: 3, L: 4)

Domestic 30 (B: 9, S: 7, L: 14)
International 10 (B: 3, S: 3, L: 4)

Type

Nature

Size 

Location

 
B: Bulk manufacturing; S: Secondary manufacturing; L: Laboratory. 

 

 

Table 6.2 presents average durations and costs for the projects, since 

differences among the three major project types may affect the results of 

statistical analyses performed. The average project cost of bulk manufacturing 

projects is highest at $69.5 million, followed by laboratory ($66.7 million), and 

secondary manufacturing ($57.1 million). As explained in Section 4.2.1.2, for this 

research, the overall duration for a pharmaceutical project is defined as the 

duration from pre-project planning through operational qualification. In terms of 

the average project duration, laboratory projects were longest at 149 weeks, 

followed by secondary manufacturing (136 weeks), and bulk manufacturing (131 
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weeks). Although the average durations and costs for each of bulk manufacturing, 

secondary manufacturing, and laboratory projects are slightly different, the 

differences are almost equal and thus, may not significantly affect the results of 

statistical analyses when the data are categorized by the three major project types. 

As noted before, data analysis was not performed for breakouts such as project 

type and nature or project type and location due to the limited dataset and CII 

confidentiality policy. However, the following summary of average project costs 

and durations for these breakouts may be useful for interpretation of the analysis 

results presented herein.    

 

Table 6.2 Summary of Average Project Cost and Duration  

Project      
Cost

Project 
Duration 
(weeks) 

Project      
Cost

Project 
Duration 
(weeks) 

Project      
Cost

Project 
Duration 
(weeks) 

Project      
Cost

Project 
Duration 
(weeks) 

Addition $58,604,727 123 $22,224,337 111 $36,345,170 109 $34,171,416 112
Grass Roots $128,546,500 168 $68,499,334 212 $105,739,629 200 $104,458,791 194
Modernization $33,690,697 110 $126,958,984 84 $16,884,916 86 $43,633,484 97

<$15MM $6,364,313 177 $1,838,235 84 $1,596,000 67 $2,909,196 103
$15MM ~ $50MM $35,630,864 104 $27,780,671 112 $30,918,927 113 $31,469,260 111
$50MM ~ $100MM $74,016,000 130 $87,600,000 352 $55,472,123 191 $69,315,249 199
>$100MM $125,247,250 155 $122,712,834 130 $187,068,432 247 $147,036,475 182

Domestic $54,501,687 125 $56,614,192 145 $76,075,215 148 $65,062,251 140
International $114,341,485 151 $58,079,436 113 $33,967,291 154 $65,313,192 141

 Total $69,461,636 131 $57,053,766 136 $66,717,898 149 $65,124,987 140

 Nature

 Size

 Location

Total
Project             

Characteristics

LaboratorySecondary            
Manufacturing

Bulk                 
Manufacturing

 
Project Duration: Pre-Project Planning ~ Operational Qualification. 
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As discussed in Chapter 4, each category of bulk manufacturing, 

secondary manufacturing, and laboratories has subcategories. Table 6.3 shows 

these distributions. The 12 bulk manufacturing projects are comprised of seven 

biological and five chemical (small molecule) projects. The 7 biological projects 

are further subcategorized into 2 vaccines, 3 fermentation, and 2 cell culture 

projects. In regards to the secondary manufacturing, although there are 

subcategories for pilot plant secondary, fill finish, and pharmaceutical warehouse, 

only fill finish projects (10) were submitted. They are further classified as either 

parenteral (4) or non-parenteral (6). Laboratories projects are classified as either 

research, quality control (QC)/quality assurance (QA), vivarium, or process 

development projects. There are 18 laboratory projects and most of these are 

classified as research laboratories that are further divided into biological (8) and 

chemical laboratories (5).  

As previously noted, the confidentiality policy presents a limitation for 

reporting statistical summaries of most subcategories below the three major 

pharmaceutical project types. As a result, statistical analyses were performed at 

the highest level of the project types and the results are presented in next section.  
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Table 6.3 Summary of Pharmaceutical Projects Database by Project Type 

Syringe - 1

Delivery Device - 1

Vial - 2

Inhalants - 2

Solid Dosage - 4

Cream/Ointment - 0

Pharmaceutical Bulk 
Manufacturing - (12)

Pharmaceutical Secondary 
Manufacturing - (10)                  

Pharmaceutical             
Laboratory - (18)

Quality Control/Quality Assurance - 2

Vivarium - 1

Process Development - (2)
Stability - 0

Clinical - 2

Pharmaceutical Warehouse - 0

Research - (13)
Biological - 8

Chemical - 5

Pilot Plant - 0 
Chemical (small molecule) - 5 

Pilot Plant Secondary - 0

Fill Finish - (10)

Parenteral - (4)

Non-Parenteral - (6)

Biological - (7) 

Vaccines - 2

Fermentation - 3

Cell Culture - 2

 
The roll up numbers are in parentheses. 
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6.2 Statistical Analysis 

This section provides results of statistical analysis by first discussing 

absolute metrics and then relative metrics. As explained in Section 3.4.2, 

statistical techniques, Box-Whisker plot, T-test, and Levene’s test for equality of 

variances, were used in the analysis. Due to the small samples used for the 

statistical tests, more than general preliminary conclusions may be inappropriate. 

Nevertheless, the statistical analyses provide an approach for analyzing 

pharmaceutical project data. In addition, the test results would support that project 

performance differs by pharmaceutical project type and that the developed 

hierarchical structure is appropriate for grouping projects for benchmarking 

purposes.  

  

6.2.1 Absolute Metrics 

In the subsequent sections, the analysis results of absolute cost metrics are 

presented, followed by absolute schedule and dimension metrics. For absolute 

cost and schedule metrics, low numbers indicate better performance while the 

same conclusion can not be drawn for the dimension metrics. Standard deviations 

in the metrics are defined such that low numbers are favorable since greater 



 

 95 

variability in project performance may cause more risks to the project 

stakeholders. 

   

6.2.1.1 Absolute Cost Metrics 

Using Box and Whisker plots to illustrate the mean, median, quartiles, 

range, and outliers, the distribution of Total Installed Cost (TIC) per Gross Square 

Footage (GSF) by project type is presented in Figure 6.5. Bulk manufacturing has 

the largest mean and standard deviation (M: $2,132; SD: $1,238), followed by 

secondary manufacturing (M: $1,348; SD: $834), then laboratory (M: $580; SD: 

$287).  
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Figure 6.5 Distribution of TIC / GSF 
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Figure 6.6 provides computational outputs from the Statistical Package for 

Social Scientists, SPSS® used to perform the T-test and Levene’s equal variance 

test. As noted in Section 3.4.2, the T-test was used to assess the differences in 

means between project types and variances for the types were compared and 

tested by Levene’s test to check if the variances are significantly different 

between the groups. The outputs from the T-test provide p-values for both cases 

of “equal variances assumed” and “equal variances not assumed”. As a result, if 

Levene’s test reports unequal variances between the groups at the significance 

level of 0.10, the p-value for “equal variances not assumed” is used to determine 

if the differences in the means are significant. Although one of the assumptions 

for the T-test is equal variances of the groups compared, unequal variances may 

not be a problem as long as the estimation procedure for the T-test adjusts for the 

unequal variances (Thomas 2003; Sakamoto 2004). For example, the Levene’s 

test, as shown in Figure 6.6, revealed that the difference in variances between 

bulk manufacturing and laboratory projects is significant (p = 0.001), indicating 

that the null hypothesis of equal variances between the groups should be rejected 

at the significance level of 0.10 and thus the p-value for “equal variances not 

assumed” (p = 0.003) should be used as the result of the T-test. This means that 

the null hypothesis of equal means between the groups can be rejected and it can 

be concluded accordingly that the difference in the means is significant.    
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T-Test_TIC / GSF_Bulk vs. Seconday
Group Statistics

10 2131.899 1238.1796968 391.5468
10 1348.068 833.6134784 263.6117

PRCTYPE
Bulk
Secondary

TIC/GSF
N Mean Std. Deviation

Std. Error
Mean

 
Independent Samples Test

.854 .368 1.661 18 .114 783.83068 472.01699 -34.6768 1602.338

1.661 15.768 .117 783.83068 472.01699 -40.9993 1608.661

Equal variances
assumed
Equal variances
not assumed

TIC/GSF
F Sig.

Levene's Test for
Equality of Variances

t df Sig. (2-tailed)
Mean

Difference
Std. Error
Difference Lower Upper

90% Confidence
Interval of the

Difference

t-test for Equality of Means

 
 
T-Test_TIC / GSF_Bulk vs. Lab 

Group Statistics

10 2131.899 1238.1796968 391.5468
18 579.6763 286.9100745 67.62535

PRCTYPE
Bulk
Lab

TIC/GSF
N Mean Std. Deviation

Std. Error
Mean

 
Independent Samples Test

15.496 .001 5.148 26 .000 1552.2222 301.53507 1037.919 2066.526

3.906 9.540 .003 1552.2222 397.34379 828.5159 2275.929

Equal variances
assumed
Equal variances
not assumed

TIC/GSF
F Sig.

Levene's Test for
Equality of Variances

t df Sig. (2-tailed)
Mean

Difference
Std. Error
Difference Lower Upper

90% Confidence
Interval of the

Difference

t-test for Equality of Means

 
 
T-Test_TIC / GSF_Secondary vs. Lab 

Group Statistics

10 1348.068 833.6134784 263.6117
18 579.6763 286.9100745 67.62535

PRCTYPE
Secondary
Lab

TIC/GSF
N Mean Std. Deviation

Std. Error
Mean

 
Independent Samples Test

15.462 .001 3.591 26 .001 768.39156 213.98776 403.4102 1133.373

2.823 10.200 .018 768.39156 272.14763 276.1149 1260.668

Equal variances
assumed
Equal variances
not assumed

TIC/GSF
F Sig.

Levene's Test for
Equality of Variances

t df Sig. (2-tailed)
Mean

Difference
Std. Error
Difference Lower Upper

90% Confidence
Interval of the

Difference

t-test for Equality of Means

 

Figure 6.6 Statistical Test Outputs for TIC / GSF 
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Following the analysis, the normality of the data was examined using the 

normal Q-Q plots generated by SPSS®. The plots graphically compare the 

distribution of a given variable to the distribution expected if the data are 

normally distributed. If the data are similar to that expected if they are normally 

distributed, the Q-Q plot approximates a straight line at a 45 degree angle. The 

closer the data points are to the line, the more normality exists. Figure 6.7 

provides the Q-Q plots for TIC per GSF by each type and the data for each group 

are approximately normally distributed. 

 
Normal Q-Q Plot of TIC/GSF

PRCTYPE:      Lab

Observed Value

16001400120010008006004002000

Ex
pe

ct
ed

 N
or

m
al

 V
al

ue
1200

1000

800

600

400

200

0

Normal Q-Q Plot of TIC/GSF

PRCTYPE:      Bulk

Observed Value

500040003000200010000

Ex
pe

ct
ed

 N
or

m
al

 V
al

ue

5000

4000

3000

2000

1000

0

Normal Q-Q Plot of TIC/GSF

PRCTYPE:     Secondary

Observed Value

3000200010000

Ex
pe

ct
ed

 N
or

m
al

 V
al

ue

3000

2000

1000

0

 

Figure 6.7 Normal Q-Q Plots for TIC / GSF 

 

The statistical tests for TIC per GSF revealed that the differences in the 

means and variances between bulk manufacturing and laboratory projects (T-test: 

p = 0.003; Levene’s test: 0.001) and between secondary manufacturing and 

laboratory projects (T-test: p = 0.018; Levene’s test: 0.001) are statistically 

significant. As previously discussed in Chapter 4, laboratories rarely have process 
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equipment requiring qualification and validation. The relatively high means and 

variances for bulk and secondary manufacturing projects might be due in part to 

this reason. Moreover, considering significantly lower mean and smaller variance 

for laboratory projects, the result may imply that the project not only cost less, but 

their costs are more predictable. In other words, the processes involved in 

manufacturing projects not only drive higher costs, but more variable costs.  

The differences between bulk and secondary manufacturing projects are 

not statistically significant although the means and variances for bulk 

manufacturing projects tend to be greater than those of secondary manufacturing 

projects. Due to the small samples analyzed, the results will likely change with 

more data accumulation.  

The same statistical analyses were performed for other absolute cost 

metrics and the results are summarized as shown in Table 6.4. Although the 

distributions of the metrics did not show the perfect normality in each case, partly 

due to the small sample sizes, the samples are reasonably normally distributed. 
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Table 6.4 Summary of Statistical Analyses on Absolute Cost Metrics  

Type N Mean SD Groups    
Compared

Levene's 
Test        

(p-value)

T-Test   
(p-value)

B 10 $2,132 $1,238 B vs. S 0.368 0.114
S 10 $1,348 $834 B vs. L 0.001 0.003*
L 18 $580 $287 S vs. L 0.001 0.018*
B 10 $1,286 $686 B vs. S 0.541 0.211
S 10 $916 $587 B vs. L 0.000 0.004*
L 18 $465 $214 S vs. L 0.004 0.040*
B 12 0.387 0.142 B vs. S 0.276 0.196
S 10 0.313 0.110 B vs. L 0.028 0.001*
L 18 0.189 0.090 S vs. L 0.305 0.003
B 10 $590 $485 B vs. S 0.059 0.259*
S 10 $393 $208 B vs. L 0.002 0.195*
L 18 $373 $133 S vs. L 0.188 0.755
B 12 4.419 3.439 B vs. S 0.019 0.030*
S 9 1.833 1.208
B 12 10.694 5.651 B vs. S 0.597 0.074
S 9 6.152 5.154
B 12 0.291 0.152 B vs. S 0.199 0.358
S 10 0.238 0.103 B vs. L 0.029 0.034*
L 18 0.179 0.086 S vs. L 0.474 0.116
B 11 0.104 0.097 B vs. S 0.755 0.647
S 9 0.084 0.101 B vs. L 0.004 0.014*
L 11 0.017 0.019 S vs. L 0.041 0.085*
B 12 0.717 0.410 B vs. S 0.017 0.120*
S 10 0.489 0.233 B vs. L 0.000 0.002*
L 18 0.250 0.155 S vs. L 0.059 0.012*
B 9 $60,669 $51,451 B vs. S 0.007 0.442*
S 6 C C
B 9 $76,983 $72,631 B vs. S 0.004 0.239*
S 8 $245,380 $365,893
B 8 $661,834 $408,478 B vs. S 0.078 0.758*
S 7 C C
B 9 $118,730 $142,829 B vs. S 0.584 0.005
S 7 C C
B 8 $262,972 $212,920 B vs. S 0.020 0.252*
S 7 C C
B 12 6.192 2.887 B vs. S 0.623 0.122
S 9 4.082 3.044
B 8 $315,459 $220,900 B vs. S 0.127 0.477
S 7 C C
B 10 0.750 0.428 B vs. S 0.251 0.596
S 8 0.602 0.728
B 9 $201,856 $175,897 B vs. S 0.195 0.949
S 7 C C

Absolute 
Cost       

Metrics

15

16

17

18

13

14

9

10

11

12

5

6

7

8

1

2

3

4

$Soft Cost / TIC

($Commissioning & Qualification 
Cost) / (# IQ + OQ Protocols)
($Commissioning & Qualification 
Cost) / Validated Equipment Piece 

$TIC / Total Equipment Piece Count

Metrics

$TIC / GSF

$Hard Cost / GSF

$Process Installation Cost /                 
Validated Equipment Piece Count

$Design & Construction Cost / $TIC

($Commissioning & Qualification 
Cost) / $TIC

$Soft Cost / $Hard Cost

$Design & Construction Management 
Cost / Total Equipment Piece Count

$Facility Construction Cost / GSF

$Process Construction Cost /         
$Process Equipment Cost

$TIC / $Process Equipment Cost

$Process Equipment Cost /          
Validated Equipment Piece Count

$Hard Cost /                                    
$Process Equipment Cost
$Soft Cost /                                          
Total Equipment Piece Count
($Commissioning & Qualification 
Cost) / $Process Equipment Cost

 
B: Bulk manufacturing; S: Secondary manufacturing; L: Laboratory. 
C: CII pharmaceutical benchmarking confidentiality policy that no statistical summaries are provided for a category 
containing data from less than 8 projects or less than 3 separate companies. 
      indicates statistically significant results at the 0.10 level. 
* indicates p-values when equal variances were not assumed. 
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The total installed cost is the sum of hard cost (the sum of costs for facility 

and process construction) and soft cost (the sum of costs for commissioning and 

qualification, and design and construction management). As shown in Table 6.4, 

bulk manufacturing projects have the highest average Hard Cost per GSF (metric 

2), but the variance is also greatest, followed by secondary manufacturing and 

laboratory. This indicates that there was much larger variation in the expenditure, 

which causes more risks to the project owners, and on average more money is 

spent on construction of bulk manufacturing processes and facilities, ultimately 

increasing the total installed cost for the construction. In addition, bulk 

manufacturing projects require 7 percent more investment in soft costs as a 

percentage of TIC (metric 3) than secondary manufacturing projects, and 

approximately 20 percent more than laboratory projects. The variance in soft costs 

for bulk manufacturing is also the largest. Although the sample sizes are small, 

and thus little can be concluded until more data are available, the statistical 

analyses on the two metrics, Hard Cost per GSF (metric 2) and Soft Cost per GSF 

(metric 3), reported the same results as TIC per GSF (metric 1); the means and 

variances for bulk and secondary manufacturing projects are significantly 

different from laboratory projects. The differences between bulk and secondary 

manufacturing projects will be tested more by analyzing the data for Facility 

Construction Cost per TIC (metric 4) or Process Construction Cost per Process 
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Equipment Cost (metric 5) that is a good indicator for measuring cost 

performance for manufacturing projects.  

For the metric, the Facility Construction Cost per GSF (metric 4), the 

means do not significantly differ by project type while the differences in the 

variances between bulk and secondary manufacturing (p = 0.059), and bulk 

manufacturing and laboratory (p = 0.002) are significant. This indicates that the 

facility construction costs per a unit space for bulk manufacturing projects 

fluctuate more than other types of projects. As noted before, bulk manufacturing 

facilities can be categorized into biological and chemical, depending on the 

method for developing the basic ingredient for final products. Biological facilities 

are generally constructed horizontally due to the relatively flat process equipment 

and manufacturing procedures. Chemical manufacturing facilities, however, 

requires more vertical space since the equipment and manufacturing processes are 

designed vertically to produce chemical ingredient. As a result, Facility 

Construction Costs per GSF (metric 4) for bulk chemical manufacturing projects 

are usually higher than those of biological and thus show greater variances when 

the two types of facilities are benchmarked together within the bulk 

manufacturing category. As sufficient data are cumulated, breakouts for the two 

types will be available and provide more meaningful norms for each type. 
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One of the unique characteristics of the pharmaceutical industry is that 

process equipment tends to be a significant portion of total installed cost (TIC). 

As a result, factors such as TIC per Process Equipment Cost (metric 6), frequently 

referred to as Lang Factors (Dysert 2001) may be significantly different from 

other industries. The Lang Factors are of value since TIC can be estimated by 

multiplying the factors by process equipment costs that tend to be similar and thus 

easily known. The analyses on the metrics, Process Construction Cost per Process 

Equipment Cost (metric 5), and TIC per Process Equipment Cost (metric 6), were 

performed to check and compare the ratios between bulk and secondary 

manufacturing projects. For both metrics, the means for bulk manufacturing 

projects are higher than secondary manufacturing projects and the differences are 

statistically significant (p = 0.030 for Process Construction Cost per Process 

Equipment Cost (metric 5); p = 0.074 for TIC per Process Equipment Cost 

(metric 6)). The process construction cost is the sum of costs for equipment, and 

installation and automation of equipment.   

In general, bulk manufacturing processes have more complexity than 

secondary manufacturing since basic ingredient for drugs are produced by 

complicated biological and chemical reactions. In addition, the bulk products are 

produced through more processing stages (on average six to twelve stages). The 

more stages for production increase complexity of installation and automation of 
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process equipment, negatively affecting total installed cost or equipment 

construction cost. Another possible reason is that the equipment for bulk 

manufacturing require significant amount of piping work increasing installation 

and automation costs while relatively simple fabrications are conducted for 

secondary manufacturing equipment. Consequently, the more expenditure on 

process construction costs increases the hard costs and total installed cost for bulk 

manufacturing projects.    

There are two primary absolute cost metrics using the cost elements of the 

soft cost; Design and Construction Management Cost per TIC (metric 7) and 

Commissioning and Qualification Cost per TIC (Metric 8). When categorized by 

project type, the means and standard deviations for the metrics are different as 

presented in Table 6.4. Although the sample sizes are not enough to make more 

than general conclusion, this implies that each of the three project types may have 

different industry norms for design and construction management cost or 

commissioning and qualification cost.  

In summary, bulk and secondary manufacturing projects require more 

costs than laboratory projects due to the higher costs for facility construction, 

process construction (the sum of costs for process equipment, and installation and 

automation of the equipment), design and construction management, and 

commissioning and qualification, causing the higher total installed costs. This 
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might result from manufacturing processes not required by laboratory projects. 

Moreover, the means and variances for the Lang Factors (metrics 5 and 6) are 

significantly different between bulk and secondary manufacturing projects. 

Although the sample sizes analyzed are small, the higher means and greater 

variances in cost performance for bulk manufacturing project may result from the 

difference in the Lang Factors (metric 5 and 6) that may affect other costs such as 

design and construction management, and commissioning and qualification.  

Based on the analysis results, it can be concluded that the industry norms 

for the absolute metrics may differ by project type and that analyses and 

comparisons of project cost performance may be more meaningful and accurate 

when separately grouped by the project classifications in the metric framework 

(hierarchical structure). Furthermore, these differences should be considered when 

an organization plans and executes each type of project. 

 

6.2.1.2 Absolute Schedule Metrics 

As previously explained in Section 4.2.1, the schedule performance for 

pharmaceutical projects is benchmarked for the seven phases: (1) pre-project 

planning, (2) design, (3) procurement, (4) construction, (5) startup and 

commissioning, (6) installation qualification (IQ), and (7) operational qualification 

(OQ).  
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Figure 6.8 shows the distribution of Design through Operational 

Qualification (OQ) Duration per GSF (metric 1) in weeks by project type. The 

schedule metric is defined such that low numbers are better. While the means for 

bulk (0.002) and secondary manufacturing (0.003) are slightly different, the 

standard deviation for secondary manufacturing (0.003) is much greater than for 

bulk manufacturing (0.001). The results for the laboratory category were 

suppressed according to the CII pharmaceutical confidentiality policy that no 

statistical summaries are provided for a category containing data from less than 8 

projects and less than 3 separate companies. 
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 Figure 6.8 Distribution of Design thru OQ Duration / GSF 
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The computational results for significance testing for the metric are 

provided in Figure 6.9, followed by the normal Q-Q plots for each group as 

shown in Figure 6.10.  

 

T-Test_DQD / GSF_Bulk vs. Secondary
Group Statistics

8 .002 .001 .000
9 .003 .003 .001

PRCTYPE
Bulk
Secondary

DQD/GSF
N Mean Std. Deviation

Std. Error
Mean

 
Independent Samples Test

5.676 .031 -1.032 15 .318 -.001 .001 -.003 .001

-1.084 10.171 .304 -.001 .001 -.003 .001

Equal variances
assumed
Equal variances
not assumed

DQD/GSF
F Sig.

Levene's Test for
Equality of Variances

t df Sig. (2-tailed)
Mean

Difference
Std. Error
Difference Lower Upper

90% Confidence
Interval of the

Difference

t-test for Equality of Means

 

Figure 6.9 Statistical Test Outputs for Design through OQ / GSF 
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Figure 6.10 Normal Q-Q Plots for Design through OQ / GSF 

 



 

 108 

Since means and variances for the absolute cost metrics discussed in the 

previous section were relatively higher for bulk manufacturing projects, and cost 

and duration, in general, would be positively correlated, it was expected that bulk 

manufacturing projects might have longer and variable duration per a unit of area. 

The output from Levene’s test revealed that the difference in variances for Design 

through Operational Qualification (OQ) Duration per GSF (metric 1) is significant 

(p = 0.031) while the T-test reported that means are not significantly different (p = 

0.304). In a counterintuitive manner, this implies that the duration to complete a 

unit of area for a secondary manufacturing project tends to fluctuate more than in 

bulk manufacturing although the average durations of both types are almost equal. 

The result might be caused by secondary manufacturing projects that construct 

facilities and processes for mainly filling and finishing various types of products. 

Depending on the types of products, the duration of installation, commissioning, 

and installation and operational qualification of process equipment may vary 

considerably, but be canceled out when averaged. Furthermore, secondary 

manufacturing requires various levels of aseptic environment depending on the 

types of final products and the regulations by the FDA. This may be one of the 

reasons for the variability in the Design through Operational Qualification 

Durations per GSF (metric 1) for the secondary manufacturing category.  
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Another possibility is the different project nature, which is classified into 

addition, grass roots, and modernization. As noted in Section 6.1, 50 percent of 

the secondary manufacturing projects are addition whereas the same proportion of 

bulk manufacturing projects is modernization in terms of project nature. For the 

pharmaceutical projects, modernizations of facilities or manufacturing processes 

should be completed as soon as possible to reduce the impacts of shutdown on 

production. In addition, the total project durations for modernization projects may 

be shorter than for additions. In fact, the three highest values in the distributions 

for the secondary manufacturing category were from the projects for additions. 

Considering that the variances in total project duration are risks for project 

stakeholders who can get the benefits from daily production, more cautions 

should be used for the planning and execution of secondary manufacturing 

projects. 

The same analyses were performed for other absolute schedule metrics, 

yet the results can not be presented since the samples are too small to fulfill the 

CII confidentiality policy noted above. Nevertheless, on average secondary 

manufacturing projects tend to have slightly longer duration per a unit of area or 

equipment piece count, and more variation in the duration overall. The results are 

summarized in Table 6.5. 
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Table 6.5 Summary of Statistical Analyses on Absolute Schedule Metrics 

Type N Mean SD Groups    
Compared

Levene's 
Test        

(p-value)

T-Test   
(p-value)

B 8 0.002 0.001 B vs. S 0.031 0.304*
S 9 0.003 0.003 B vs. L DS DS
L 3 C C S vs. L DS DS
B 7 C C B vs. S 0.248 0.193
S 7 C C
B 7 C C B vs. S 0.230 0.019
S 7 C C
B 7 C C B vs. S 0.405 0.206
S 6 C C

(IQ thru OQ Duration) /                        
Validated Equipment Piece Count

Absolute 
Schedule   
Metrics 

Metrics

(IQ thru OQ Duration) /                        
(No. of IQ & OQ Protocols)

(Design thru OQ Duration) / GSF

(Design thru OQ Duration) /                 
Total Equipment Piece Count

1

2

3

4  
B: Bulk manufacturing; S: Secondary manufacturing; L: Laboratory. 
C: CII pharmaceutical benchmarking confidentiality policy that no statistical summaries are provided for a category 
containing data from less than 8 projects or less than 3 separate companies. 
DS: Data suppressed due to small sample sizes analyzed. 
      indicates statistically significant results at the 0.10 level. 
* indicates p-values when equal variances were not assumed. 

 

6.2.1.3 Absolute Dimension Metrics 

For the absolute dimension metrics, lower scores are not always better 

when considering non-monetary or schedule issues. Differences in means and 

variances however, are still meaningful for understanding performance. These 

metrics can be used to measure the portion of each functional space to total space.  

Figure 6.11 provides the distribution of the metric for Mechanical Space 

per GSF (metric 1) by the three major project types. Here, the mechanical space is 

the area for mechanical HVAC, building utilities, mechanical and service utility 

chases, and electrical rooms. Secondary manufacturing has a somewhat higher 

mean (0.226) and standard deviation (0.200) than those of other types; however, 

only the differences in variances between bulk manufacturing and laboratory (p = 
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0.067), and secondary manufacturing and laboratory (p = 0.049) are statistically 

significant as shown in Figure 6.12. Figure 6.13 provides the normal Q-Q plots 

for each type, indicating that the samples for each type are approximately 

normally distributed. 
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Figure 6.11 Distribution of Mechanical Space SF / GSF 

 

The differences in the variances may be driven by the characteristics of 

bulk and secondary manufacturing that require various types of mechanical 

systems to be able to provide appropriate environment for producing 

pharmaceutical products. The mechanical systems for laboratories, however, may 
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not significantly vary by the purpose of research, development, or experiments. 

Typically, secondary manufacturing facilities should provide aseptic environment 

and thus, need more specific mechanical systems. In addition, the Mechanical 

Space per GSF (metric 1) can be affected by geographical location where 

pharmaceutical manufacturing facilities are constructed. If the weather in a 

country or a city is hot and humid, the portion of mechanical space should 

increase for better controlling of production environment. Almost 30 percent of 

secondary manufacturing projects analyzed in this research were performed 

abroad, and this might affect the variances for the metric. However, more 

breakouts by project type and location are not available due to the small sample 

sizes, and more data will be required to assess the impact of geographic location.   
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T-Test_MECH / GSF_Bulk vs. Secondary
Group Statistics

10 .213 .193 .061
9 .226 .200 .067

PRCTYPE
Bulk
Secondary

MECH/GSF
N Mean Std. Deviation

Std. Error
Mean

 
Independent Samples Test

.021 .885 -.150 17 .882 -.014 .090 -.171 .143

-.150 16.644 .882 -.014 .090 -.171 .144

Equal variances
assumed
Equal variances
not assumed

MECH/GSF
F Sig.

Levene's Test for
Equality of Variances

t df Sig. (2-tailed)
Mean

Difference
Std. Error
Difference Lower Upper

90% Confidence
Interval of the

Difference

t-test for Equality of Means

 
T-Test_MECH / GSF_Bulk vs. Lab 

Group Statistics

10 .213 .193 .061
17 .194 .119 .029

PRCTYPE
Bulk
Lab

MECH/GSF
N Mean Std. Deviation

Std. Error
Mean

 
Independent Samples Test

3.670 .067 .316 25 .754 .019 .060 -.083 .121

.280 13.112 .784 .019 .068 -.101 .139

Equal variances
assumed
Equal variances
not assumed

MECH/GSF
F Sig.

Levene's Test for
Equality of Variances

t df Sig. (2-tailed)
Mean

Difference
Std. Error
Difference Lower Upper

90% Confidence
Interval of the

Difference

t-test for Equality of Means

 
T-Test_MECH_GSF_Secondary vs. Lab 

Group Statistics

9 .226 .200 .067
17 .194 .119 .029

PRCTYPE
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MECH/GSF
N Mean Std. Deviation

Std. Error
Mean

 
Independent Samples Test

4.296 .049 .522 24 .606 .033 .062 -.074 .139

.447 11.095 .663 .033 .073 -.098 .163

Equal variances
assumed
Equal variances
not assumed

MECH/GSF
F Sig.

Levene's Test for
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Mean
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Figure 6.12 Statistical Test Outputs for Mechanical Space SF / GSF 
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Normal Q-Q Plot of MECH / GSF
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Figure 6.13 Normal Q-Q Plots for Mechanical Space SF / GSF 

 

Following the same procedures, statistical analyses on other dimension 

metrics were performed and the results are summarized in Table 6.6.  

The ratios of Process and Process Related Space to GSF (metric 2), and 

Process and Process Support Space to GSF (metric 3) indicate that on average 

bulk manufacturing projects require a little bit more space for their process 

functions, although the mean difference is not statistically significant. As 

previously noted, the process equipment for bulk manufacturing, requiring more 

vertical space for equipment itself, and its support, material handling, circulations, 

may be one of the reasons. In addition, the greater vertical density of process 

equipment for bulk manufacturing may explain the greater variances for the ratio 

of process equipment and its support space to GSF. These metrics were developed 

for measuring dimensional performance for bulk and secondary manufacturing 

projects only. The process related space is the sum of the space for the process 

and building circulation, materials handling, and process support. The definitions 
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for each space were discussed in Section 4.2.1 and more details are included in 

Appendix A. 

  

Table 6.6 Summary of Statistical Analyses on Absolute Dimension Metrics 

Type N Mean SD Groups    
Compared

Levene's 
Test        

(p-value)

T-Test   
(p-value)

B 10 0.213 0.193 B vs. S 0.885 0.882
S 9 0.226 0.200 B vs. L 0.067 0.784*
L 17 0.194 0.119 S vs. L 0.049 0.663*
B 11 0.766 0.208 B vs. S 0.646 0.870
S 10 0.750 0.224
B 11 0.513 0.331 B vs. S 0.069 0.403*
S 10 0.403 0.246

Absolute  
Dimension 

Metrics

3

1

2 (Process Space SF &                           
Process Related Space SF) / GSF
(Process Space SF &                         
Process  Support SF) / GSF

Mechanical SF / GSF

Metrics

 
B: Bulk manufacturing; S: Secondary manufacturing; L: Laboratory. 
C: CII pharmaceutical benchmarking confidentiality policy that no statistical summaries are provided for a category 
containing data from less than 8 projects or less than 3 separate companies. 
      indicates statistically significant results at the 0.10 level. 
* indicates p-values when equal variances were not assumed. 

 

6.2.1.4 Summary of Statistical Analyses on Absolute Metrics 

Summarizing the analyses on the absolute cost, schedule, and dimension 

metrics, bulk and secondary manufacturing projects tend to spend more money 

per a unit of cost such as TIC, hard cost, and soft cost than laboratory projects as 

expected. This is due to the manufacturing processes required for bulk and 

secondary products. Furthermore, it was of interest that the differences in the 

Lang Factors (TIC or Process Construction Cost per Process Equipment Cost) 

between bulk and secondary manufacturing projects are significant, indicating 

that their cost performance may be different and should be benchmarked 
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separately. Secondary manufacturing projects tend to have slightly longer 

duration per a unit of area or equipment piece count, and more variation in the 

duration overall. However, the schedule data were very limited providing a 

statistically significant summary for one absolute metric only. As sufficient data 

are available, more meaningful analyses on the schedule metrics will be provided. 

Similar to the results of the cost metrics, on average bulk manufacturing projects 

require a little bit more space for their process functions. 

Although the small samples were analyzed for almost all cases, the results 

support that project performance measured by the developed absolute metrics may 

be different for the three major pharmaceutical project types and should be 

compared within the same type of projects classified by the metric framework for 

more accurate assessment of project performance.   
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6.2.2 Relative Metrics 

The results of statistical analysis on the pharmaceutical relative cost and 

schedule metrics are provided in this section. Findings of the cost metrics are 

discussed first, followed by the schedule metrics. 

 

6.2.2.1 Relative Cost Metrics 

As discussed in Chapter 4, this study employs several types of relative 

cost metrics: Project Cost Growth, and Phase Cost Growth or Factor. Figure 6.14 

provides the distribution of the Project Cost Growth by the three major types of 

pharmaceutical projects. The average cost growth for bulk manufacturing projects 

is 0.038, indicating an average increase of 3.8 percent in project costs over those 

budgeted for at authorization. The statistical result of secondary manufacturing 

projects has been suppressed according to the CII pharmaceutical benchmarking 

confidentiality policy. When compared to the sample sizes analyzed for the 

absolute cost metrics discussed in Section 6.2.1, the relatively small samples were 

analyzed for this metric (bulk manufacturing: N = 10; secondary manufacturing: 

N = 7). This is partly due to a lack of initial predicted costs (budgets) for some 

projects, which are used as the denominator of the metric.  
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Although laboratory projects recorded much lower cost growth (0.013) 

than other groups, the difference in means of the groups is not statistically 

significant at the level of 0.10 (p = 0.886) as shown in Figure 6.15.  

The normal Q-Q plots checking the normality of the data for each type 

were generated as presented in Figure 6.16. Although the data in the bulk 

category does not show perfect normality, it is reasonable to conclude that they 

are approximately normally distributed, considering the small sample sizes. 
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  : Data not shown per CII Confidentiality Policy  

Figure 6.14 Distribution of Project Cost Growth 
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T-Test_PHCSGRO_Bulk vs. Lab
Group Statistics

10 .038 .187 .059
18 .013 .107 .025

PRCTYPE
Bulk
Lab

PHCSGRO
N Mean Std. Deviation

Std. Error
Mean

 
Independent Samples Test

1.160 .291 .449 26 .657 .025 .055 -.069 .119

.385 12.336 .707 .025 .064 -.089 .139

Equal variances
assumed
Equal variances
not assumed

PHCSGRO
F Sig.

Levene's Test for
Equality of Variances

t df Sig. (2-tailed)
Mean

Difference
Std. Error
Difference Lower Upper

90% Confidence
Interval of the

Difference

t-test for Equality of Means

 

Figure 6.15 Statistical Test Outputs for Project Cost Growth 
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Figure 6.16 Normal Q-Q Plots for Project Cost Growth 

 

The same conclusion can be drawn for the Delta Cost Growth (metric 2), 

the absolute value of Project Cost Growth (metric 1), as summarized in Table 6.7. 

Laboratory projects tend to show a relatively smaller difference between planed 

vs. actual project costs. This result might be expected since laboratory projects 

had significantly smaller variability for the absolute cost metrics (See Table 6.4), 
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indicating that their actual costs may not vary and thus, may be more predictable. 

The difference in means for the Delta Cost Growth (metric 2), however, is not 

significant, implying that project management performance measured by absolute 

deviation from the target may not differ by project type. In the case of variances 

for the metric, the Levene’s test revealed that the difference between the groups is 

significant (p = 0.010). The greater variance may imply more difficulties or risks 

in the prediction of actual costs for bulk manufacturing project. Although the 

samples are small, this result may be explained by the analysis results of the 

absolute cost metrics summarized in Table 6.4. For the absolute cost metrics, bulk 

manufacturing projects tend to have relatively greater variances while the 

differences are not significant in some cases. This means that for the projects, 

actual costs per a unit of area or other actual costs may vary and thus, the 

variances should be considered when the costs are estimated. However, the 

management processes may be similar without regard to project types and it is not 

easy for an owner or project manager to make accurate estimation of actual costs 

for a specific project type without the information of their means or variances. 

This can be the main reason that the absolute cost metrics are necessary and 

should be used in conjunction with the relative cost metrics in order to assess and 

improve project cost performance.  
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Based upon the results of the relative cost metrics, it can be concluded that 

the cost performance, quantifying how well the actual cost compares with the 

planned cost, does not significantly differ by project type, but laboratory projects 

may exhibit more predictable performance. The ultimate purpose of the relative 

metrics is to assess project management performance comparing the actual cost 

and the planned project cost. In this case, performance was not dependent upon 

the types of projects analyzed. However, this conclusion should be reevaluated 

when more data are available. The projects submitted for analysis usually fell 

within the reasonable range of overrun or underrun. These observations can also 

be applied to the relative schedule metrics, discussed in the following section. 

 

Table 6.7 Summary of Statistical Analyses on Relative Cost Metrics 

Type N Mean SD Groups    
Compared

Levene's 
Test        

(p-value)

T-Test   
(p-value)

B 10 0.038 0.187 B vs. S 0.857 0.999
S 7 C C B vs. L 0.291 0.657
L 18 0.013 0.107 S vs. L 0.153 0.674
B 10 0.122 0.141 B vs. S 0.504 0.954
S 7 C C B vs. L 0.010 0.379*
L 18 0.079 0.070 S vs. L 0.181 0.238

Relative    
Cost

1

2

Project Cost Growth

Delta Cost Growth

Metrics

 
B: Bulk manufacturing; S: Secondary manufacturing; L: Laboratory. 
C: CII pharmaceutical benchmarking confidentiality policy that no statistical summaries are provided for a category 
containing data from less than 8 projects or less than 3 separate companies. 
      indicates statistically significant results at the 0.10 level. 
* indicates p-values when equal variances were not assumed. 
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6.2.2.2 Relative Schedule Metrics 

As shown in Figure 6.17, the average Project Schedule Growth (metric 1) 

of secondary manufacturing projects is -0.016 indicating a small schedule 

reduction when compared to the baseline schedule, while bulk manufacturing 

projects experienced schedule overruns averaging 16 percent. The result is of 

interest, but is not statistically significant at the level of 0.10 as shown in Figure 

6.18. The small samples resulting from a lack of baseline schedules for secondary 

manufacturing projects make it difficult to assess significance. As previously 

noted, laboratory projects rarely have process equipment and thus only a few of 

the projects (N = 3) had the duration information of operational qualification 

(OQ), causing suppression of their statistical analysis result.  

Figure 6.19 provides the normal Q-Q plots for the data in bulk and 

secondary manufacturing categories. The plots presents that the distributions of 

both datasets tend to be skewed to zero indicating “on schedule”. By checking the 

data points, it was revealed that the baseline schedules for these projects were 

exactly same as their actual schedules, causing the schedule growth of zero. This 

might be real zero, but more likely is evidence of a lack of baseline schedules for 

the projects. Considering the small samples and the deviations from the normal 

distribution, there is reason to question adherence to the normality assumption. 
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Figure 6.17 Distribution of Project Schedule Growth 
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Group Statistics

11 .160 .265 .080
8 -.016 .187 .066

PRCTYPE
Bulk
Secondary

PHSCHGR
N Mean Std. Deviation

Std. Error
Mean

 
Independent Samples Test

1.546 .231 1.614 17 .125 .177 .110 -.014 .367

1.707 16.998 .106 .177 .104 -.003 .357

Equal variances
assumed
Equal variances
not assumed

PHSCHGR
F Sig.

Levene's Test for
Equality of Variances

t df Sig. (2-tailed)
Mean

Difference
Std. Error
Difference Lower Upper

90% Confidence
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Difference
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Figure 6.18 Statistical Test Outputs for Project Schedule Growth 
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Normal Q-Q Plot of PHSCHGR

PRCTYPE:      Bulk

Observed Value

1.0.8.6.4.20.0-.2-.4

Ex
pe

ct
ed

 N
or

m
al

 V
al

ue

.6

.4

.2

0.0

-.2

-.4

Normal Q-Q Plot of PHSCHGR

PRCTYPE:      Secondary

Observed Value

.4.3.2.10.0-.1-.2-.3-.4

Ex
pe

ct
ed

 N
or

m
al

 V
al

ue

.3

.2

.1

-.0

-.1

-.2

-.3

 
Figure 6.19 Normal Q-Q Plots for Project Schedule Growth 

 

A similar result was reported from the analysis on the Delta Schedule 

Growth metric (metric 2), as shown in Table 6.8. It revealed that the absolute 

values of Project Schedule Growth (metric 1) for each type are not significantly 

different at the level of 0.10. 

In summary, relative schedule performance may not differ by project type, 

due to the almost equivalent level of project management effort made for meeting 

the targeted schedule. Conceptually, more complicate or difficult projects should 

be harder to schedule, but it is possible that an owner or project manager make 

more allowances for this in their target schedules. It is of interest though that bulk 

manufacturing projects tend to have slightly higher means and greater variances for 

the Project Schedule Growth and Delta Schedule Growth metrics although the 

differences are not significant. As previously noted in Section 6.1 (Figure 6.2), 50 

percent of the bulk manufacturing projects are modernization whereas the same 

proportion of secondary manufacturing projects is addition. In general, the total 
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project durations for modernization projects may be shorter than for additions 

since modernization projects usually requires shutdown of the existing facilities 

and manufacturing processes affecting daily production. As a result, tighter 

baseline schedules may be preferred for the projects increasing sensitivity of the 

relative schedule metrics to possible schedule changes. Considering the higher 

proportion of modernization in the bulk manufacturing category, the slightly 

greater means and variances for the relative metrics may be understandable. 

Analyses by more breakouts such as project type and nature can confirm this 

notion as sufficient data are collected. 

As shown in Table 6.5 for summary of analyses on the absolute schedule 

metrics, the variance for secondary manufacturing projects is significantly greater 

than for bulk manufacturing projects in terms of the Duration for Design through 

Operational Qualification per GSF. Here, various types of secondary 

manufacturing products and more addition projects in the category were 

recognized as possible reasons for the greater variance. However, project schedule 

management processes may be similar without regard to the types of final 

products and thus the performance measured by the relative schedule metrics may 

not differ by product type. This may cause the relatively small variance for the 

Project Schedule Growth and Delta Schedule Growth metrics in the secondary 

manufacturing projects.   
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Table 6.8 Summary of Statistical Analyses on Relative Schedule Metrics 

Type N Mean SD Groups    
Compared

Levene's 
Test        

(p-value)

T-Test   
(p-value)

B 11 0.160 0.265 B vs. S 0.231 0.125
S 8 -0.016 0.187 B vs. L DS DS
L 3 C C S vs. L DS DS
B 11 0.174 0.255 B vs. S 0.209 0.541
S 8 0.111 0.146 B vs. L DS DS
L 3 C C S vs. L DS DS
B 11 0.202 0.084 B vs. S 0.112 0.541
S 9 0.233 0.133 B vs. L DS DS
L 3 C C S vs. L DS DS
B 11 0.408 0.172 B vs. S 0.091 0.012*
S 9 0.233 0.101 B vs. L DS DS
L 3 C C S vs. L DS DS
B 10 0.452 0.192 B vs. S 0.410 0.316
S 8 0.557 0.240 B vs. L DS DS
L 3 C C S vs. L DS DS
B 11 0.545 0.162 B vs. S 0.134 0.120
S 9 0.400 0.233 B vs. L DS DS
L 4 C C S vs. L DS DS
B 9 0.351 0.265 B vs. S 0.699 0.526
S 8 0.271 0.238 B vs. L DS DS
L 3 C C S vs. L DS DS
B 9 0.292 0.225 B vs. S 0.753 0.636
S 8 0.239 0.225 B vs. L DS DS
L 2 C C S vs. L DS DS
B 9 0.258 0.227 B vs. S 0.624 0.940
S 8 0.250 0.194 B vs. L DS DS
L 2 C C S vs. L DS DS

9

5

6

7

8

1

2

3

4

Startup Phase Duration Factor

IQ Phase Duration  Factor

Project Schedule Growth

Delta Schedule Growth

OQ Phase Duration Factor

Pre-Project Planning Phase Duration  
Factor

Design Phase Duration Factor

Procurement Phase Duration Factor

Construction Phase Duration Factor

Relative    
Schedule

Metrics

 
B: Bulk manufacturing; S: Secondary manufacturing; L: Laboratory. 
C: CII pharmaceutical benchmarking confidentiality policy that no statistical summaries are provided for a category 
containing data from less than 8 projects or less than 3 separate companies. 
DS: Data suppressed due to small sample sizes analyzed. 
      indicates statistically significant results at the 0.10 level. 
* indicates p-values when equal variances were not assumed. 

 

As summarized in Table 6.8, Phase Schedule Factors (metrics 3 through 9) 

were also analyzed in the same manner to investigate if the percentages of 

durations for each phase (pre-project planning through operational qualification) 

differ by project type. Bulk manufacturing projects tended to spend more time in 

design, construction, startup and IQ phases. This might be due to more processes 

and complexity in bulk manufacturing projects, but the differences in all Phase 

Schedule Factors between bulk and secondary manufacturing projects are not 



 

 127 

significant except for the design phase (p=0.012). Due to the small samples, the 

statistical summaries for laboratory projects were suppressed in all cases.  

 

6.2.2.3 Summary of Statistical Analyses on Relative Metrics 

The statistical analyses on the relative cost and schedule metrics revealed 

that there may not be significant differences in cost and schedule performances as 

measured by the metrics. This implies that project management performance 

comparing the actual performance and the planned performance may not differ by 

the three major project types. However, the sample sizes were limited.  

 

6.2.3 Limitations of the Statistical Analysis  

As noted in Section 3.4.2, there are two underlying assumptions for the T- 

test: (1) the normality of the populations, and (2) the equal variance of the 

populations. According to Albright, et al. (2003), although the assumptions for all 

are never satisfied exactly in any application, they should be checked for gross 

violations whenever possible. By generating the normal Q-Q plots checking the 

normality of the data for each metric by the three project type, the first 

assumption for the test was tested. The test results revealed most of the data are 

approximately normally distributed, indicating robustness against violation of the 
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assumption. Although the second assumption was violated in a few groups 

analyzed, most of test results tend to be robust for reasonable violations. 

Moreover, equal variance is less of a problem since the statistical tests adjust for 

unequal variance (Thomas 2003; Sakamoto 2004).  

Another limitation is that the analysis uses small sample sizes. However, 

considering that the number of samples in each group was almost equally 

distributed and that the T-test can be applied with small samples, the results are 

still meaningful (Statsoft 2006).  

The CII pharmaceutical benchmarking confidentiality rule also presents a 

limitation for presenting statistical summaries of datasets where less than eight 

projects from three separate companies are available in order to protect the 

confidentiality of the data providers. This required suppression of some results 

from the affected datasets. 

Lastly, the data used for this research were submitted by five leading 

pharmaceutical companies that participated in this research. This voluntary 

sampling does not meet requirements for producing random samples. Therefore, 

this sample may not be representative of typical pharmaceutical projects. 
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6.2.4 Section Summary 

The statistical analyses provide sufficient evidence to support that project 

performance may differ by project type and that meaningful differences can be 

quantified. In general, means and variances of absolute metrics tended to differ by 

project type, especially for the case of cost performance metrics. This supports 

that analyses and comparisons of the metrics may be more meaningful when 

conducted within the boundary of the same types of projects. This also provides 

validation for the metrics framework (hierarchical structure). The results also 

suggest that the industry norms for project performance may differ by project 

type. In order to set up appropriate objectives and goals in the earliest stage of 

projects and to properly evaluate project performance during the execution or at 

the end, the differences revealed in the analyses should be recognized and utilized 

by project stakeholders.  

While bulk manufacturing projects exhibited higher Project Cost and 

Schedule Growth, indicating worse cost and schedule performance, than other 

groups, the statistical analyses do not report that the differences are significant. 

This may be due to a combination of independency of project type on cost and 

schedule performance comparing actual vs. planned and dependency on other 

factors such as project characteristics (i.e., project nature, size or location) and 

project management efforts to improve the accuracy of estimates.  
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CHAPTER 7: PHARMACEUTICAL KEY REPORT 

One of the purposes of this research is to develop customized performance 

reports for pharmaceutical project performance, using the metric framework and 

definitions. By integrating the developed metrics and a new algorithm enabling 

the roll up of pharmaceutical project types in accordance with the hierarchical 

structure into the existing CII BM&M reporting system, pharmaceutical project 

key report for each project’s performance and aggregate key report for each 

company’s aggregate performance could be generated and returned to all 

companies that submitted projects. This is an adaptation of CII’s standard key 

reports developed by CII BM&M program to the pharmaceutical projects for 

efficient reporting of their project performance.  

This chapter discusses the customized pharmaceutical project and 

aggregate key reports, using extracts from sample reports which are provided in 

full, in Appendix C and Appendix D, respectively. 

 

7.1 Project Key Report 

Figure 7.1 shows the standardized general information section for a 

selected pharmaceutical project. By providing a project profile describing project 

type, cost category (project size), nature, and location, project stakeholders gain 
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an understanding of the comparison dataset. In addition, the section presents the 

city, or in some cases, the closest city used for location adjustment, where the 

project was executed, as well as conversion indices for that city and Chicago at 

the time of midpoint of construction. In the example, the project location is 

London and therefore, the Hanscomb Means City Cost Index for international 

projects was used to adjust cost data to Chicago for common reference. The 

project costs were converted to current dollars using the RS Means Historical 

Index. The right two columns summarize key features of the project such as 

project duration, total installed cost (TIC), and gross square footage. 

  

 

 

Figure 7.1 Project Key Report – General Information 
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Figure 7.2 shows the pharmaceutical cost metrics sections from the sample 

report. Metric scores, database means, color coded performance quartiles, 

percentile bars, and sample size are provided for each metric.  

The quartile statistics that are shown offer a ready comparison to the 

database. Quartiles are used to categorize project performance data as green 

(quartile 1), blue (quartile 2), yellow (quartile 3), and red (quartile 4). This color 

coding and numbering system are consistent with that used by CII’s 

benchmarking program. It graphically depicts metric performance where green 

indicates the 25 percent of the projects with best performance and red indicates 

the 25 percent with the worst performance. The median is the cutoff between the 

second and third quartiles. For the metrics, low numbers indicate better 

performance. The yellow percentile bars indicate the percent of projects for which 

the project being benchmarked scored equal to or better than.  
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Pharmaceutical Cost Metrics

 

 Figure 7.2 Project Key Report – Sample Cost Metrics 

 
As noted for the performance sections, the quartiles are presented in color 

codes. Actual values for quartile cutoffs can be accessed in both tabular and 

graphical formats in the online version of the report by clicking the n number or 

yellow percentile bar. As shown in Figure 7.3, the resulting graphic includes the 

project’s score for the selected metric, data slice comparisons, mean, median, and 

quartile cutoffs. The project comparison slice is described on the top of the 

graphic and is the most meaningful and available dataset that the preprogrammed 

algorithm found. In addition, the dataset from “Database Roll-up” includes all 40 
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pharmaceutical projects and is used to compare the project score at the highest 

level. Also shown by the arrow, is the project’s exact position within the 

distribution. Other sections in this project key report are included in Appendix C. 

 

 

 

Figure 7.3 Project Key Report – Sample Quartile Chart and Table 

 

7.2 Aggregate Key Report 

The Aggregate Key Report is another output from the reporting system. It 

provides aggregate project performance at the company level. Each company 
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submitting projects can get this report sorted by the three major project types. The 

format and content of this report is similar to the Project Key Report. The primary 

difference is that the scores for each metric in the aggregate key report are the 

average of the metric scores from each individual project submitted by the 

company. By aggregating individual project performances by project type at the 

company level, the performance of a company can be measured and compared 

with the norms provided by the reporting system. 

A sample Aggregate Key Report for Testco, a notional company, is 

included in Appendix D. 
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CHAPTER 8: SYSTEM VALIDATION AND REFINEMENT 

Release of the project and company performance reports completed the 

process of developing a pharmaceutical performance measurement system. After 

this process was completed, there was a need to validate and refine the developed 

framework and metrics to ensure their credibility and applicability to industry 

participants. This chapter describes the validation process, which included the 

pharmaceutical benchmarking team validation, a feedback survey distributed at 

pharmaceutical benchmarking forums and training sessions that provided insight 

for system improvements, and analysis of the data received. In addition, the 

refinement of the initial metrics framework and definitions are detailed, followed 

by an update on the data collection and reporting system. 

 

8.1 System Validation  

As presented earlier, the system was developed by the author, CII staff and 

a pharmaceutical team that was composed of five representatives from five major 

pharmaceutical companies. The team recognized that for industry acceptance, the 

system would have to be adopted and used by other pharmaceutical companies. 

To ensure application of the metrics to a broad cross section of industry, a short 

survey form was developed and administered at pharmaceutical benchmarking 
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forums and training sessions as a process for validation. Furthermore, all data 

obtained from the original 40 projects and metrics produced from these data were 

reviewed by the author and industry team to ensure that they met the intended 

purpose and produced reasonable norms for project performance assessment. 

Statistical testing of distributions was performed to determine if the metric 

framework and definitions were meaningful for segregating projects and assessing 

performance. The subsequent sections discuss the project team validation, 

pharmaceutical forums and training sessions, and survey and its results, followed 

by the process for data analysis and findings leading to validation.  

 

8.1.1 Pharmaceutical Benchmarking Team Validation 

Once the metric framework and definitions were established, the 

pharmaceutical team continued to assess their applicability to the industry by 

reviewing and evaluating the system and its results. To ensure that the framework 

provides logical grouping for performance assessment and that the developed 

metrics properly measure and assess cost, schedule and dimension performance, 

comprehensive assessment and validation were performed at each team meeting. 

This was a continuous validation process for broader industry acceptance of the 

developed metric framework and definitions.  
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Each type of project in the metric framework was reexamined to identify 

gaps in the classifications. The definitions for each project type were first 

reevaluated and in some cases, modified to make further clarify them. Then, some 

changes were suggested to provide for improved grouping of pharmaceutical 

projects. In conjunction with this effort, the team commenced reexamination of 

the definitions for cost, schedule, and dimension used for the first round data 

collection. Cost items, activities for each phase, and specific functional space that 

should be included or excluded for more accurate comparisons and assessment of 

project performance were reevaluated and modified as necessary. Similarly, the 

team assessed the data collected to find out if the metrics were reasonable and if 

the metrics were producing distributions consistent with industry expectations. 

This process and results will be detailed in Section 8.1.4. Lastly, additional 

metrics to increase the value and acceptance of the developed metrics by more 

industry experts were identified by the team.  

More details of the changes to the metrics framework and definitions are 

discussed in Section 8.2 in conjunction with the reactions to the suggestions from 

surveyed industry experts who attended pharmaceutical benchmarking forums and 

training sessions.  
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8.1.2 Pharmaceutical Benchmarking Forum and Training 

As previously noted, CII Pharmaceutical Benchmarking Forums were held 

in March and June of 2006 in Texas and New Jersey, respectively. The purposes 

of the forums were (1) to announce that this research produced a set of 

industry-specific metrics for measuring the effectiveness of the pharmaceutical 

industry capital facilities delivery system; (2) to attract participants, thereby 

ultimately enriching the pharmaceutical database; and (3) to get feedback from 

industry experts on the newly developed system to validate its usefulness for the 

industry.  

A total of 24 attendees from 16 organizations attended the forums and 

evaluated the system. Three important topics, the hierarchical structure, the 

developed metrics, and location and time adjustment procedures were presented, 

followed by a live demonstration of the online system. First, background on the 

initial development effort for the hierarchical structure was presented. Next, 

pharmaceutical metrics were presented. The rationale for the absolute 

pharmaceutical metrics was next presented, followed by location and adjustment 

procedures. As an indication of industry acceptance and thus validation, four new 

companies joined the CII pharmaceutical benchmarking program. The 

organizations participating in the forums are listed in Appendix E. 
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Since new members joined following the forums, there was a need for a 

special training for new participants planning to use the pharmaceutical 

benchmarking system. All companies participating are required to complete 

training in advance of data submission. The purpose of the training is to enhance 

data quality and consistency by increasing knowledge and awareness of the 

functionality of the benchmarking system and various metric definitions. This 

training is essential for the implementation of a reliable benchmarking process.  

The training was another opportunity to get feedback from industry 

experts on the system. The organizations participating in the training are listed in 

Appendix E. 

 

8.1.3 Survey   

The purpose of the survey was to assist in validating the performance 

measurement system, focusing on affirming the initial metrics framework (the 

hierarchical structure of pharmaceutical project types) and metrics definitions. 

The survey was composed of two parts: the questions for validation and a general 

evaluation of the forum or training attended by the respondent. This section will 

address the former and the survey form is provided in Appendix F.  

Part I of the survey contains questions with multiple responses exploring 

the metric framework and metrics relevancy for the industry. Likert response 
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scales were used to measure the strength of agreement based on a five-point scale 

that ranges from (1) strongly disagree, (2) disagree, (3) neutral, (4) agree, and (5) 

strongly agree. The first question for the metric framework, as shown in Table 

8.1, gauges if the framework produced appropriate groupings for industry 

performance assessments. Total 29 industry experts from 16 organizations who 

attended the forums and training sessions selected either “Strongly Agree” or 

“Agree” in all cases, indicating that the organization of the pharmaceutical project 

types is appropriate to be used for benchmarking projects. Following the question, 

the reasons for the selections (Why or Why not?) were captured. Although the 29 

industry experts addressed the reasons, their responses could be summarized into 

three major points as listed in Table 8.1. The attendees agreed that the metric 

framework has the value of providing the appropriate level of classifications for 

various types of projects that most pharmaceutical companies perform in reality. 

It was also noted that the framework allows for direct comparisons of 

performance within most similar types and more accurate assessment of project 

performance. The second question collected comments and recommendations on 

the metric framework. The distinctions of pilot plants for bulk biological and 

chemical manufacturing, and secondary parenteral and non-parenteral 

manufacturing were requested. In addition, the industry experts suggested 

expansion or deletion of some categories. The suggestions were discussed by the 
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author and industry team to produce more effective grouping of pharmaceutical 

projects. Reactions to the suggested modifications are discussed later in Section 

8.2.1 

 

Table 8.1 Survey Question and Responses: Metrics Framework 

Part I Topic 1: Metric Framework

Question 1 Do you think the hierarchical structure is well organized, ensuring that 
projects to be benchmarked are properly grouped?

Response Strongly Agree or Agree (in all cases)
 - Captures the types of projects that the industry will be doing in an 
organized manner, allowing direct comparisons of most similar 
pharmaceutical facilities
 - Keeps the balance between detail and practice
 - Provides sensible breakdown covering all current scenarios
 - Need for distinction between chemical and biological pilot plants for bulk 
manufacturing, and parenteral and non-parenteral pilot plants for secondary 
manufacturing  
 - Expand the vaccines and the chemical (small molecule) categories
 - Add a category for packaging to secondary manufacturing
 - Delete the detailed subtypes of the process development under the 
laboratory category

Question 2      
(Other Comments)

Why or            
Why not?

 

 

 

Similarly, the first question for the metric definition, as shown in Table 

8.2, asked if the establishment of industry norms (e.g. means, medians, or 

quartiles) for the developed cost, schedule, and dimension metrics at each level in 

the hierarchical structure is meaningful and important to the industry. In all cases, 

the respondents selected either “Strongly Agree” or “Agree”. In addition, they 
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provided the reasons for their responses, followed by suggestions for additional 

metrics of value in assessing their organizations’ project performance. There was 

a consensus that a lack of standard metrics exists in the industry and thus, the 

developed metrics would bridge the gap, providing industry norms and a basis for 

validation of estimated costs for pharmaceutical projects. It was also recognized 

that metrics allow for more meaningful comparisons and assessment of 

performance for similar projects. As summarized in Table 8.2, there were 

suggestions for additional dimension metrics for laboratories and specifically 

classified space required for the industry. The reactions to the suggestions are 

discussed in detail in Section 8.2.2. 

 

Table 8.2 Survey Question and Responses: Metrics Definitions 

Part I Topic 2: Metric Definitions

Question 1
Do you think establishment of industry norms (e.g. means, medians, or 
quartiles) for the developed cost, schedule, and dimension metrics at each 
level in the hierarchical structure is meaningful and important to the industry?

Response Strongly Agree or Agree (in all cases)
 - Provides good data to help provide answers to questions that senior 
sponsors ask, such as “how much did the other pharmaceutical companies 
pay for process equipment per gross square footage?”
 - Allows for validation of estimated costs for projects and shows relative 
costs to others in the industry for similar projects
 - There are no standard industry metrics around pharmaceutical process, so 
this is the best that is out there
 - Provides a good basis for initial estimating at conceptual levels
 - Add dimension metrics using ISO classifications for manufacturing        
projects

 - Develop more metrics measuring the ratios of specific laboratory space to 
other laboratory space, and Linear Feet of benchtop or fumehood per lab 
population

Why or            
Why not?

Question 2         
(Other Comments)
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Summarizing the results from the questions in Part I, the respondents 

agreed that the initial hierarchical structure and metrics are meaningful to the 

industry and can be used as an effective benchmarking tool for providing industry 

norms for project performance. This implies that the framework is effective to 

benchmark most types of pharmaceutical projects, and that the developed metrics 

are appropriate for evaluating project performance.  

Although there were some recommendations for improvement, the 

attendees recognized that the system was valid for the pharmaceutical industry. 

The feedback led to system refinement and ultimately influenced an updated 

hierarchical structure and additional metrics. Refinements and system update are 

explained in Section 8.2.  

Part II of the survey collected attendee opinions on subjects presented 

during the forums and training, again using the Likert scale. It addressed the level 

of usefulness of the system components and the industry need for the metrics and 

measurement system. Since these questions addresses content of the forum and 

training sessions, they are not part of the validation process, and are not 

summarized here. The questions and responses for this part are included in 

Appendix F.   
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8.1.4 Analysis of Data  

Data received in the first round of data collection were analyzed as part of 

the validation process. This process confirms that the data collected for the 

metrics were reasonable and that the metrics were producing distributions 

consistent with industry expectations.  

With the data from the initial 40 projects distributions were generated by 

major project types (bulk manufacturing, secondary manufacturing, and 

laboratory) and were reviewed by the project team. If the data points plotted in the 

distributions tended to be placed within reasonable ranges and were realistic to 

formulate initial industry norms such as means, medians, and quartiles, the metric 

likely is reasonably defined and should be kept. If there were extreme outliers, 

however, the team further examined the underlying data to determine if it was a 

reporting problem, definition problem, or simply extreme performance.  

The distributions of a total of 61 metrics including over 1,000 data points 

were reviewed and the team decided that most data points appearing as statistical 

outliers should be retained since they may not be truly outliers, once the database 

grows. It is important to note that the outliers in the distribution categorized by 

the project types may not be outliers when grouped in more detailed breakouts 

such as laboratory and project nature or project size. As a result of the data 
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analysis, 11 data points were finally identified as extreme outliers and excluded 

from the dataset for producing industry norms.  

Considering that the total number of data points in all the distributions is 

more than 1,000, it may be concluded that most of the data points were reasonably 

distributed by each metric and project types. Based on this conclusion, the team 

decided to keep all of the original metrics developed in this research. The 

distributions validated from this process are included in Appendix G.  
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8.2 System Refinement 

Following the forums and training sessions, the author scheduled meetings 

to follow up on the attendee feedback and comments. These meetings focused on 

refinement of the initial metrics framework (hierarchical structure), and 

modification and addition of more metrics. In accordance with the changes from 

the refinement, the data collection instrument, data collection and reporting 

systems, and definitions of the new types of projects and metrics were updated 

accordingly. The following subsections describe the changes in detail. 

 

8.2.1 Refinement of the Initial Metric Framework 

Throughout the forums and training sessions it was confirmed that the 

initial hierarchical structure provided reasonable grouping of pharmaceutical 

projects for performance assessment. However, some attendees recommended 

changes to the original structure shown in Table 8.3 and the pharmaceutical 

benchmarking team agreed that the changes produce more effective grouping of 

the projects. As shown in Table 8.4, the subcategories of bulk manufacturing, 

secondary manufacturing, and laboratory were changed by adding, merging, or 

moving some project types.  
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Table 8.3 Initial Hierarchical Structure of Pharmaceutical Project Types 

Syringe

Delivery Device

Vial

Inhalants

Solid Dosage

Cream/Ointment

Pharmaceutical Bulk 
Manufacturing

Pharmaceutical Secondary 
Manufacturing

Pharmaceutical                
Laboratory

Quality Control/Quality Assurance 
Vivarium
Process 
Development 

Stability
Clinical

Pharmaceutical Warehouse 

Research 
Biological 
Chemical 

Pilot Plant 
Chemical (small molecule) 
Pilot Plant Secondary 

Fill Finish 

Parenteral

Non-Parenteral 

Biological 
Vaccines
Fermentation
Cell Culture

 

 

Table 8.4 Revised Hierarchical Structure of Pharmaceutical Project Types 

Direct Derived  

Fermentation  

Attachment  Dependent  
Cell Culture  

Stirred Tank 

Biological 

Pilot Plant  

Manufacturing   

Pharmaceutical Bulk   
Manufacturing  
 

Chemical 
Pilot Plant 

Syringe  

Delivery Device  

Vial   
Parenteral  

Pilot Plant  

Inhalents  

Solid Dosage  

Cream / Ointment  

Fill Finish 

Non-Parenteral  

Pilot Plant  

Packaging  

Pharmaceutical Secondary 
Manufacturing  
 

Pharmaceutical Warehouse  

Biological  
Research  

Chemical  

Quality Control / Quality Assurance  

Vivarium  

Pharmaceutical               
Laboratory  
 

Process Development   



 

 149 

The separation of Biological from Chemical projects provides more clear 

classification for bulk manufacturing, and the Pilot Plant which was on the second 

level was moved down to the third level under each of Biological and Chemical 

categories. This is due to the clear difference in Pilot Plant processes between 

Biological and Chemical plants. Originally, only Chemical (Small Molecule) 

project data were collected for Chemical Bulk Manufacturing. However, the 

group agreed that the category should be expanded to include all Chemical 

Manufacturing project types, not just Small Molecule. Similarly, more distinction 

in Cell Culture, Attachment Dependent and Direct Derived was established to 

make more accurate comparisons of these projects in the future.  

Changes made in the Secondary Manufacturing category involved moving 

Pilot Plant project type under each of the Parenteral and Non-parenteral categories 

under Fill Finish. Similar motivation to provide more detail comparisons in the 

future drove the decision. Another change to the Secondary Manufacturing was 

the addition of a Packaging category that would stand alone. Packaging is 

distinguished from Fill Finish since Packaging treats final product that has already 

undergone all stages of production and the process is focused solely on packaging 

and labeling product in its final container. 

Process Development under the Laboratory category became a stand-alone 

project type without subcategories since more detailed classifications are rarely 
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made in the industry. Unfortunately, this may complicate comparisons in this 

dataset in the future.  

In accordance with the changes, the definitions of the new project types 

were updated and are included in Appendix A. 

 

8.2.2 Refinement of the Initial Metric Definitions 

The pharmaceutical metrics were refined by reviewing and discussing the 

comments from the industry experts, and eventually identifying new metric 

definitions to be added to the set of existing metrics. The team also discussed 

other metrics that should be added to provide more accurate evaluation of 

pharmaceutical projects. The discussion commenced by reviewing the comments 

from the forums and training as explained in Section 8.1.3. 

There was a request for additional dimension metrics, for classifying space 

on bulk or secondary manufacturing projects according to the International 

Standards Organization for (ISO) classifications. This was because the original 

dimension metrics did not measure percentage of aseptic square footage or 

non-aseptic square footage to the total gross square footage. This is important 

however, for bulk or secondary manufacturing projects since it greatly affects 

how the product is manufactured and sterilized (Valle 2004). When the 

dimensional metrics were developed for the initial 40 projects, the metrics were 



 

 151 

categorized by the functions of space so that the metrics show, for example, the 

ratios of process space square footage to total gross square footage or mechanical 

space square footage per gross square footage. However, considering current 

trends of pharmaceutical space classification, new metrics were added according 

to aseptic and non-aseptic classifications recommended by the USA Regulations 

and Guidelines (Valle 2004). As a result, five aseptic and two non-aseptic 

dimension metrics were added as listed below: 

 

 ISO Class 5 Space / GSF (Aseptic Space) 

 ISO Class 6 Space / GSF (Aseptic Space) 

 ISO Class 7 Space / GSF (Aseptic Space) 

 ISO Class 8 Space / GSF (Aseptic Space) 

 ISO Class 9 or Controlled Unclassified Space / GSF (Aseptic Space) 

 Controlled Unclassified Space / GSF (Non-Aseptic Space) 

 General Process Space / GSF (Non-Aseptic Space) 

 

Aseptic process space classifications are defined in terms of ISO class 

numbers from one (1) through nine (9) based on acceptable number of particles 

per cubic meter (Valle 2004). As an example, ISO class 5 space refers to the 

environment where the maximum number of particles per cubic meter is 3,520 
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when the size of particles is equal to or larger than 0.5 micron. Table 8.5 provides 

the definitions of five ISO classes typically used for pharmaceutical 

manufacturing facilities.  

Process space that does not require aseptic environment is referred to as 

non-aseptic process space and classified into two: Controlled Unclassified and 

General Process. In the Controlled Unclassified process space, there is potential 

for product exposure, and process equipment designed to contact product are 

exposed to the environment while General Process space requires limited or no 

exposure of process equipment. More details of aseptic and non-aseptic process 

space classifications are included in Appendix A. 

 

 

Table 8.5 Aseptic Process Space Classifications for Pharmaceutical Facilities 

ISO Class 5

ISO Class 6

ISO Class 7

ISO Class 8

ISO Class 9

ISO Classification 
Number (N)

Maximum Number of Particles 
(particles/m3)

Size of particles: 0.5 micron or larger

3,520

35,200

352,000

3,520,000

35,200,000  
(ISO 14644-1; Valle 2004) 
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Typically, a commercial building management system involves controls 

for Heating, Ventilation, & Air Conditioning (HVAC). However, manufacturing 

facilities for pharmaceutical projects need more complicated and automated 

systems than other facilities. This drives higher cost for the purchase, 

programming, configuration and installation of the control system hardware. 

Furthermore, these costs may drive the overall performance of the facility 

construction cost. As a result, it is important for a pharmaceutical company to 

identify appropriate costs for the HVAC control system by various project types, 

and to compare with its competitors. To fulfill this need, the following absolute 

cost metric was defined: 

 

 Building Management System Cost / Building Management System 

I/O point Count 

 

For laboratory projects, it was also identified that more metrics measuring 

the ratios of specific laboratory space to other laboratory space or lab population 

were needed. These additional metrics can provide more accurate information to 

be able to evaluate the appropriate size for each space or for scientists in 

laboratories. The new metrics developed for laboratory projects are: 
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 (Lab Space SF + Lab Support SF) / GSF 

 Lab Support SF / Lab SF 

 Interaction Space SF / GSF 

 GSF / Lab Population 

 Fume Hoods Linear Footage / Lab Population 

 Bench Top Linear Footage / Lab Population 

 

The addition of new metrics increases the value and acceptance of the 

system by industry experts and thus is a key part of validation. Table 8.6 shows 

the updated list of the metrics, including the new additions. 
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Table 8.6 Revised List of Pharmaceutical Absolute Metrics 

Category Description
$TIC / $Process Equipment Cost1

$Hard Cost / $Process Equipment Cost1

$Process Const. Cost / $Process Equipment Cost1

$Facility Const. Cost / GSF
$TIC / GSF
$Soft Cost / $TIC
$Soft Cost / $Hard Cost
$Building Mgmt. System Cost / Building Mgmt. System I/O Point Count1

$Process Automation Cost / Total  Process & Utility IO Point Count1

$Process Automation Cost / Validated Process & Utility IO Point Count1

($Design + $Construction Mgmt.) / $TIC
$Facility Construction Cost / GCF
$TIC / GCF
($Commissioning + $Qualification Cost) / $TIC 
($Commissioning + $Qualification Cost) / $Process Equipment Cost1 
($Commissioning + $Qualification Cost) / (# IQ + OQ Protocols)1
($Commissioning + $Qualification Cost) / Validated Eqmt. Piece Count1
$TIC / Total Equipment Piece Count1

$Hard Cost / GSF
$Process Equipment Cost / Validated Equipment Piece Count1

$Process Installation Cost / Validated Equipment Piece Count1

$Soft Cost / Total Equipment Piece Count1

$Design & Construction Management Cost / Total Equipment Piece Count1

$TIC / LF Benchtop2

$TIC / Lab Population2 

$TIC / Total Building Population2

$Hard Cost / LF Benchtop2

$Hard Cost / LF Hoods2

$Hard Cost / (LF Benchtop + LF Hoods)2

$Hard Cost / Lab Population2

(IQ thru OQ Duration) / (# IQ + OQ Protocols)1

(IQ thru OQ Duration) / Validated Equipment Piece Count1

(Design thru OQ Duration) / GSF   
(Design thru OQ Duration) / GCF   
(Design thru OQ Duration) / Total Equipment Piece Count1

(Process Space SF + Process Related Space SF) / GSF1

(Process Space SF + Process  Support SF) / GSF1

Process Space SF / GSF1

ISO Class 5 / GSF1 (Aseptic)
ISO Class 6 / GSF1 (Aseptic)
ISO Class 7 / GSF1 (Aseptic)
ISO Class 8 / GSF1 (Aseptic)
ISO Class 9 or Controlled Unclassified / GSF1 (Aseptic)
Controlled Unclassified / GSF1 (Non-Aseptic)
General Process / GSF1 (Non-Aseptic)
Mechanical SF / GSF
Shell Space SF / GSF
Lab Support SF / Lab SF2

(Lab SF+ Lab Support SF) / GSF2

GSF / Lab Population2

LF Benchtop / Lab  Population2

LF Hoods / Lab  Population2

(Lab SF+ Lab Support SF) / Lab Population2

GSF / # Total Building Population2

CFM / GSF2

% Interaction Space Square Footage (0% - 100%)2

Absolute     
Schedule     
Metrics

Absolute     
Dimension   

Metrics

Absolute     
Cost         

Metrics

 1 Metrics for Pharmaceutical Bulk or Secondary Manufacturing Projects Only. 
2 Metrics for Pharmaceutical Laboratory Projects Only. 
     indicates new metrics added.  
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8.2.3 Updates on the Data Collection and Reporting Systems 

Based on the additions and changes to the hierarchical structure and 

metrics, the data collection and reporting systems were updated. In the case of the 

metric framework, the revised hierarchy, shown in Table 8.4 replaced the old 

version shown in Table 8.3. Although the structure was changed slightly, the 

essence of the hierarchical structure with the ability to roll up specific project 

types in accordance with the structure for more accurate comparisons within 

similar project types was not changed. This implies that the developed metrics 

framework may be valid and flexible to accommodate for future expansion of 

project types, while preserving the original purpose of the structure. 

The cost, dimension, and characteristics data table included in the data 

collection system were also updated in accordance with the need for new metrics 

introduced in the previous section. The final updated data tables are shown in 

Tables 8.7 and 8.8. 

For the metrics measuring the ratios of aseptic or non-aseptic space to total 

project space, the initial dimension table for bulk or secondary manufacturing 

projects was revised as shown in Table 8.7. The process space was divided into 

aseptic process space and non-aseptic process space and several data points for 

each were added. These data points will be used for the additional dimension 

metrics provided in Table 8.6.  



 

 157 

Table 8.7 Updated Pharmaceutical Manufacturing Dimensions Table 

Aseptic Process Space Classification Determined in Operation 
 

a. ISO Class 5  
◘ NA ◘Unknown 

 
b. ISO Class 6 

◘ NA ◘Unknown 

 
c. ISO Class 7 

◘ NA ◘Unknown 

 
d. ISO Class 8 

◘ NA ◘Unknown 

 
e. ISO Class 9 or Controlled Unclassified 

◘ NA ◘Unknown 

Non-Aseptic  Process Space Classification  
 

f. Controlled Unclassified  
◘ NA ◘Unknown 

 
g. General Process 

◘ NA ◘Unknown 

 
h. Process Space  Square Footage (a+b+c+d+e+f+g) 

◘ NA 

 
i. Process and Building Circulation Square Footage 

◘ NA ◘Unknown   

 
j. Materials Handling Square Footage 

◘ NA  ◘Unknown  

 
k. Process Support Square Footage (including Lab) 

◘ NA ◘Unknown   

 
l. Process Related Square Footage (i+j+k) 

◘ NA  

 
m. Personnel Square Footage 

◘ NA ◘Unknown   

 
n. Mechanical Square Footage  

◘ NA  

 
o. Shell Space Square Footage 

◘ NA  

p. Gross Square Footage of Facility (h+l+m+n+o)  

 
q. Gross Cubic Footage of Facility  

◘Unknown 
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For both the manufacturing and laboratory characteristics data tables, two 

data points, Building Management System I/O Point Count and Air Handler 

Cubic Feet per Minute (CFM) were added. Previously, I/O Point Count was used 

to capture the Total Process & Utility I/O Point Count for manufacturing projects. 

To improve accuracy, the variable name was changed to Validated Process & 

Utility I/O Point Count to collect the detail data separate from the total. Table 8.8 

shows the updated table for collecting characteristic data for bulk or secondary 

manufacturing projects. The definitions are included in Appendix A. 

 

Table 8.8 Updated Pharmaceutical Manufacturing Projects    
Characteristic Data 

 Building Management System I/O Point Count 
◘ NA  ◘Unknown 

 Validated Process & Utility I/O Point Count 
◘ NA  ◘Unknown 

 Total Process & Utility I/O Point Count 
◘ NA  ◘Unknown 

 Validated Equipment Piece Count  
◘ NA  ◘Unknown 

 Total Equipment Piece Count 
◘ NA  ◘Unknown 

 Number of IQ protocols written in this project 
◘ NA  ◘Unknown 

 Number of OQ protocols written in this project 
◘ NA  ◘Unknown 

 Air Handler Cubic Feet per Minute (CFM) 
◘ NA  ◘Unknown  
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In addition, Building Management System Cost was added to the existing 

cost data table to measure the ratio of Building Management System Cost to 

Building Management System I/O Point Count, as discussed in Section 8.2.2.  

Like the update of the metrics framework, new data points did not disrupt 

the overall system. This indicates that the system is flexible for additions that 

generate more meaningful metrics for the industry.  

The reporting system was also updated, simply by adding the additional 

metrics to each affected section of cost and dimension performance. This also 

supports that the updating reporting system does not adversely affect the use of 

the original reporting system. By completing the updates on the reporting system, 

the entire system for benchmarking pharmaceutical projects were refined and 

updated. 

After reviewing the refinement and update procedures, it may be 

concluded that the developed system is valid for benchmarking pharmaceutical 

projects and is flexible enough to accommodate future demands of the industry. 

Also, the system can be used as an appropriate long-term benchmarking tool for 

the industry, since the additions and changes can be made quickly without 

detriment to the system itself. The updated data collection instrument is included 

in Appendix H. 
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CHAPTER 9: CONCLUSIONS AND RECOMMEDATIONS 

This chapter completes this research by discussing conclusions and 

recommendations. The research objectives and hypothesis are reviewed, specific 

conclusions are drawn, and then, the lessons learned from this research are 

summarized. Lastly, research contributions and recommendations for future 

studies are presented. 

 

9.1 Review of Research Objectives and Conclusions  

The purpose of this research, as identified in Chapter 1, was to develop a 

system for evaluating pharmaceutical projects with metrics specific to the 

characteristics of these unique projects. Based on the main objective, the specific 

objectives include: 

 
1) Develop metrics tailored to pharmaceutical projects. 

2) Develop a data collection system for validation and use of these 

metrics. 

3) Collect data and develop a methodology for analysis. 

4) Develop a reporting system that meets the needs of the industry for use 

of the metrics. 
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5) Validate and refine the performance measurement system based upon 

the collected data and industry experts’ opinions. 

6) Provide lessons learned and recommend a direction for future studies.  

 

Conclusions for the first five objectives are discussed in this section and 

for the last objective, lessons learned and recommendations for further 

development or future studies are provided in Sections 9.3 and 9.5, respectively. 

After the establishment of the hierarchical structure enabling 

pharmaceutical projects to be properly grouped for benchmarking, the 

industry-specific metrics were developed to quantitatively assess performance for 

the projects unique in their processes and delivery approach. A total of 50 metrics 

(13 for all projects, 17 for bulk or secondary manufacturing projects, and 11 for 

laboratory projects) were newly developed and categorized as either cost, 

schedule, or dimension, as presented in Chapter 4. 

The development of the data collection system commenced with 

developing the survey instrument, and was completed by integrating it with the 

CII web-based data collection system. This allowed for more comprehensive 

assessment of project performance and permitted analysis of the pharmaceutical 

metrics as part of the complete project delivery system. 
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The data from 40 pharmaceutical projects were collected through the 

system. Then, the project costs data were adjusted for location and time, 

establishing a methodology for normalizing project costs for more accurate 

comparisons of project cost performance. The indices and procedures used for the 

adjustments were detailed in Chapter 5.   

Descriptive summaries and statistical analyses presented in Chapter 6 

served to validate the hierarchical structure and metric definitions. Means, 

medians, variances, and some quartiles, of each metric were provided for the three 

major pharmaceutical project types, and the differences in means and variances 

were quantified and tested. The statistical analyses provided sufficient evidence 

supporting that project performance may differ by pharmaceutical project type 

and that the hierarchical structure is appropriate for grouping projects for 

benchmarking purposes.  

To better ensure usability of the metrics report, a reporting system was 

developed. The system generates two types of pharmaceutical performance 

reports (the project report and aggregated company report) providing project 

performance feedback at both levels. The reports provide a basis for establishing 

norms for many breakouts when sufficient data are available. 

The overall system was validated and refined by analyzing the collected 

data and surveying experts regarding their opinions on the system completeness 



 

 163 

and applicability to their internal processes. Using the collected data, the 

distributions for a total of 61 metrics (50 for the developed metrics and 11 for the 

existing CII relative metrics) including over 1,000 data points were generated and 

reviewed by industry experts. As a result, 11 data points (about 1% of the total 

data points) were finally identified as extreme outliers, indicating that most of the 

data points were reasonably distributed by each metric and project types. This 

process confirmed that the data collected for the metrics were reasonable and that 

the metrics were producing distributions consistent with industry expectations. 

Some comments garnered from surveyed industry experts led to additions of new 

project types and metrics, and following these changes the system was considered 

suitable for performance measurement for the pharmaceutical industry. The 

system is also flexible enough to incorporate future demands of the industry.  

In conclusion, the metrics framework and metrics when used in the data 

collection and reporting system have considerable value as an efficient tool for 

measuring pharmaceutical project performance, ultimately providing a chance to 

improve performance for the industry. Furthermore, the procedures employed for 

its development will likely serve as a methodology for developing similar systems 

for other industries.  
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9.2 Review of Research Hypothesis and Conclusions  

The research hypotheses presented in Chapter 1 are reviewed in this 

section with the related conclusions.  

The first hypothesis of this research was that meaningful consensus 

definitions of critical metrics for assessing the performance of pharmaceutical 

projects can be developed. The initial metrics framework (hierarchical structure) 

and metrics definitions were developed as discussed in Chapter 4 producing cost, 

schedule, and dimension metrics using absolute units such as costs in dollars, 

duration in days or weeks, and gross square footage (GSF). Through analysis of 

preliminary data and surveys of industry experts, it was established that the 

framework is effective for benchmarking most types of pharmaceutical projects. 

The second hypothesis posited that norms for pharmaceutical project 

types can be established from the metrics developed. By collecting the project 

data through the data collection system, the scores for each metric were obtained 

and analyzed to provide means, medians, quartiles and standard deviations of the 

metrics scores for the project types. Chapter 6 presented the distributions of the 

metrics showing the industry norms. When reviewed by the industry experts, the 

scores for each metric were deemed to be reasonably distributed for the project 

types, and suitable for assessing project performance.  
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Finally, the third hypothesis that differences in the performance of 

pharmaceutical projects can be quantified for pharmaceutical project types was 

tested by comparing means and variances of the metrics by the project types. The 

results revealed that the differences in means and variances of project 

performance exist and most differences are statistically significant, supporting the 

validity of the framework established. 

 

9.3 Lessons Learned 

This research effort also documents some lessons learned that are 

applicable to future studies that aim to develop similar systems. Specific lessons 

learned include: 

 

 Establishment of an appropriate metric framework is most critical 

since it determines the levels of classification for various project 

types, comparisons of project performance, and the feasibility of data 

collection. A comprehensive classification hierarchy may include all 

possible project types in a specific industry to provide the most 

accurate comparison results. However, the ability to collect enough 

data for analysis and reporting at the detailed level must be 

considered. This means that performance comparisons for reporting 
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at that level may not be available if only one or two projects for those 

categories are submitted in the time allotted for data collection. In 

addition, the metrics norms produced by using data from one or two 

projects may not be meaningful. Consequently, it is most important to 

keep the balance between the level of detail of project types and 

availability of data for each type. A good strategy is to develop an 

efficient structure grouping various types of projects together.  

 The metric framework directly affects the development of 

industry-specific metrics since each project type identified at the 

highest level in the framework (e.g., bulk manufacturing, secondary 

manufacturing, and laboratory) may require different cost, schedule, 

and dimension metrics for more accurate assessment of their project 

performance. As a result, an appropriate level of classification for 

project types will better ensure the development of metrics that apply 

to all types or, in contrast, specific types.  

 The input from industry experts is invaluable in identifying unique 

facility delivery processes within the target industry that significantly 

influence development of the metric framework and definitions. In 

addition, expert opinion is required to develop consensus definitions 

for cost elements consisting of the total installed cost, typical 
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start/stop and activities for each phase, and functional space. Clear 

definitions will produce more reasonable distributions of the 

collected data and more credible industry norms.  

 

In a broader perspective, a generalized guideline for the development of 

other similar systems can be one of the lessons learned from this research as well. 

The system development procedures can be generalized as follows:  

 

 Step 1: Assemble a research team of industry experts. 

Applicability and credibility of a performance measurement system 

to a specific industry is not likely without understanding the unique 

characteristics of the industry. Input from industry experts 

participating in the research are of value throughout the whole 

development process.  

 Step 2: Develop a metric framework. Consider the appropriate 

levels of classification for discrimination, interest, and ability to 

obtain data of various types of capital facility projects in the industry. 

Development of a hierarchical structure classifying projects in the 

target industry is required to ensure that projects to be benchmarked 
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are properly grouped and for meaningful comparisons and efficient 

use of data.  

 Step 3: Develop industry specific metrics. Consider the 

characteristics of project types in the metric framework, metrics that 

can be applied to all project types should be identified first, to 

describe the big picture of what types of metrics are needed to 

measure performance for most types of projects in the industry. Then, 

more specific metrics relevant to specific categories should be 

developed considering unique characteristics of the project types. 

Next, the purpose of each metric should be identified more clearly by 

classifying the developed metrics into appropriate categories such as 

cost, schedule, and dimension. At this point, the data definitions 

required for producing each metric should be carefully defined in 

order to produce reasonable industry norms. 

 Step 4: Develop data collection instrument. A survey instrument 

enabling the collection of data to produce the metrics should be 

developed. In addition, the instrument should collect other critical 

project characteristics (e.g., project type, nature, size, and location) 

and environmental factors in order to enable a comprehensive 
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analysis. To enhance flexibility for project participants, the 

development of an online data collection system may be desirable.  

 Step 5: Conduct training sessions. In advance of data submission, a 

session to train those who will enter project data is required to 

enhance data quality and consistency by increasing knowledge and 

awareness of the functionality of the data collection system and 

metric definitions. This training is essential for the implementation of 

a reliable benchmarking process. 

 Step 6: Collect and validate data. Data collection can commence 

with the completion of training. An effective data validation process 

must then be followed by industry experts and researchers. This 

validation process will minimize errors and inconsistency in the 

collected data, and identify possible outliers distorting norms, 

ultimately enabling the generation of credible industry norms  

 Step 7:  Develop methods for analyzing the collected data and 

reporting the analysis results. Meaningful results can be reported to 

data providers through proper data analyses of the metrics produced. 

The details of the analysis technique, its output, and formats for 

reporting results should be based on the needs for the industry. 
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 Step 8: Validate, refine, and update the developed system. To gain 

industry acceptance, the developed metrics system should be 

validated by industry experts. To do so, the system should be exposed 

to the industry through forums or conferences, and feedback on the 

system should be collected and used to validate and refine the system. 

By updating the system based on the validation and refinement 

results, a cycle for developing, validating, and refining a performance 

measurement system for a specific industry can be implemented. 

 

9.4 Contributions  

By achieving the objectives while satisfying the hypotheses, this research 

established a performance measurement system for the delivery of capital facility 

projects within the pharmaceutical industry. The major contributions of this 

research can be summarized as follows: 

 
 Provided a hierarchical structure of pharmaceutical project types as a 

framework for enabling pharmaceutical projects to be properly 

grouped for performance assessment.  

 Developed industry-specific metric definitions suitable for producing 

benchmarking norms.  
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 Provided the pharmaceutical industry a system for using these 

metrics. 

 Established a methodology for developing industry-specific metrics 

and performance measurement system that can be adapted to other 

industries.  

 

In addition to the major contributions, a secondary contribution is as 

follows: 

 
 Developed and applied cost adjustment procedures for more accurate 

comparisons of project cost performance, enabling the maintenance 

of the project database in current dollars at a common location. 

 

As a broader contribution of this research, use of the developed system 

and its output will allow pharmaceutical companies to evaluate their competitive 

positions within the industry. Comparison to best-in-class performance is a basis 

for recognizing strengths and weaknesses in project performance and a starting 

point for maximizing those strengths and correcting the weaknesses, ultimately 

enhancing competitiveness and overall effectiveness in project delivery process. 

In addition to reduction of cost and schedule for facility delivery, increased 

efficiencies in operations and production can provide additional revenue to be 



 

 172 

invested in producing better quality pharmaceutical products with less cost. This 

contributes to continuous improvement in the pharmaceutical industry and the 

public, whose health are directly affected by these products. 

As summarized in the previous section, it is also expected that in a broader 

perspective, the lessons learned from this research will improve future research 

efforts to develop similar performance measurement systems for other industries.  

 

9.5 Recommendations   

While this research resulted in the establishment of pharmaceutical metric 

definitions for cost, schedule, and dimensions by the three project types, 

additional metrics or modifications to the hierarchical structure may be warranted 

in the future after experience with use of the system.  

The location and time adjustment procedure was established to affix 

reasonable comparisons of project costs at a common location and in a common 

time period. Use of the midpoint of construction for the adjustment procedure 

should be reevaluated for future research since the proportion of the total project 

budget committed at that point may vary by project delivery method (e.g., 

design-bid-build vs. design-build) or contracting strategy (e.g., lump sum vs. cost 

reimbursable). One of the possible approaches for normalizing these impacts is to 

use different time periods that are most appropriate for each of delivery methods 
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or contracting strategies. Another alternative is to collect and use the specific date 

when the proportion of the total budget committed is equal instead of the 

midpoint of construction. This may provide more accurate comparison results.  

More statistical analyses should be conducted to identify factors and 

practices affecting project performance and to quantify their impacts. To do so, 

key cost, schedule, and dimension metrics should be selected based on analysis of 

the data and by experts’ opinions. Then, multiple regression models quantifying 

their relative impacts on project performance should be developed. Another 

approach would be to develop cost, schedule, and dimension performance indices 

representing each cost, schedule, and dimension, or entire performance for a 

project using combinations of the developed metrics. To complete these tasks, it 

may be necessary to organize a research team to study these issues.  

Further development on the performance reporting system is also required 

to provide more flexibility for the users. While performance at project or 

company level currently compares the most similar datasets that pre-programmed 

algorithms can find, a more powerful tool that would allow the user to select their 

criteria would be desirable. In addition, the capacity to provide a summary of key 

metrics and some measure of a company’s overall performance versus the 

database would be useful. This may be accomplished when the multivariate 

analyses or the combined indices become available. 
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It has been recognized that there is a need for developing a similar system 

for contractors. The system would need to be tailored to contractors due to 

different perspectives between owners and contractors, and their level of project 

participation. According to CII policy, project data from owners may not be 

mixed with contractors for the purposes of data analyses and the data may not be 

released to contractors. In light of this, contractors will need to develop their own 

database with the use of a similar system, customized to the characteristics of 

contractors. This may require developing different or additional metrics that 

would measure performances for their work only. 

Finally, it is recommended that efforts focus on the development of 

industry-specific Best Practices with consideration for the specific characteristics 

of the pharmaceutical industry. This would further contribute to the cycle for 

continuous improvement on pharmaceutical projects, companies, and industry.   
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Glossary of Terms 
 
Attachment Dependant 
Cell culture process where cells attach to the culture device (Nunc cell, Roller bottle, 
Costar cube) and do not require a stirred or agitated vessel for cell production. 
 
Battery Limit 
A geographic boundary that defines the manufacturing area of the plant that houses 
process equipment, excluding auxiliary and service buildings of offsite facilities. 
 
Biological Bulk Manufacturing 
A bulk product, such as a drug, a vaccine, or an antitoxin, that is synthesized from living 
organisms or their products and used medically as a diagnostic, preventive or therapeutic 
agent.  Bulk biologicals are broken down by three different process types, fermentation, 
cell culture and direct derived, which all include a purification step. 
      
Biological Laboratory 
Laboratories/functional areas involving research with biological materials. The labs are 
typically classified into four biosafety level (BSL) categories (BSL-1, BSL-2, BSL-3, 
BSL-4). Typical facilities may include biology, biochemistry, microscopy, molecular 
biology, cell biology, virology, immunology, physiology, pathology, and clinical research
      
Bulk Manufacturing 
Making the active ingredient for the final drug product after chemical or biological 
processing and purification, ready for concentration, drying, and filling into containers 
prior to dispensing and final filling. 
 
Cell Culture 
Processes that utilize the growing of mammalian, insect or plant cells to produce a 
biological agent.  Cell culture processes are broken down into two types, attachment 
dependant and stirred tank. 
 
cGMPs (current Good Manufacturing Practices) 
Current accepted standards of design, operation, practice, and sanitization. The FDA is 
empowered to inspect drug-manufacturing plants in which drugs are processed, 
manufactured, packaged, and stored for compliance with these standards. 
 
Chemical Bulk Manufacturing 
A pharmaceutical product derived by chemical synthesis, in bulk form, for later 
dispensing, formulation or compounding, and filling in a pharmaceutical finishing facility
Breakthrough Passage of a substance through a bed, filter, or process designed to 
eliminate it. For ion exchange processes, the first signs are leakage of ions (in mixed beds
usually Silica) and the resultant increase in conductivity. For organic removal beds, 
usually small, volatile compounds (Trihalomethanes (THMs) are common in activated 
carbon).   



 

 178 

Chemical Laboratory 
Laboratories/functional areas used by scientist for synthesizing of various compounds.  
General chemistry laboratory activities typically include mixing, blending, heating, 
cooling, distilling, evaporating, diluting, and reacting chemicals as part of testing, 
analyzing, and research experiments. Most of the work will be conducted on a bench or 
in a laboratory chemical fume hood. “Chemistry Lab” areas can include Medicinal 
Chemistry, Analytical Labs, Hydrogenation Labs, Mass Spectrometry Labs, NMR , Mass 
Spec, and Chromatography. 
 
Classification 
The level (or the process of specifying or determining the level) of airborne particulate 
cleanliness applicable to a cleanroom or clean zone, expressed in terms of an ISO Class N
which represents maximum allowable concentrations (in particles per cubic meter of air) 
for considered sizes of particles (ISO 14644-1 Table I, Section II: Comparison of 
Airborne Particulate Cleanliness Classes).  
 
Classified Space 
A space in which the number of airborne particles is limited. This is accomplished by the 
strict use of HVAC systems. Areas are classified as Class 10, Class 100, Class 1,000, 
Class 10,000, and Class 100,000. In pharmaceutical production, only classes 100, 10,000, 
and 100,000 are used (ISO 14644-1 Table I, Section II: Comparison of Airborne 
Particulate Cleanliness Classes). 
 
Commissioning  
The documented process, verifying that equipment and systems are installed according to 
specifications, placing the equipment and systems into active service and verifying its 
proper operation. Commissioning is done for good business, but can include many 
Qualification activities.  
 
Cream / Ointment 
The form in which the drug is delivered to the patient. This could be a thick smooth 
substance that you put on your skin to make it softer or less painful or a substance that 
you rub into your skin, especially as a medical treatment. 
 
Delivery Device 
The delivery device is used for injection through the skin or other external boundary 
tissue and a catch-all category for other than vials and syringes  
 
Direct Derived 
Biological agents that come directly from a host, whether animal or plant. Meant to 
capture blood fractionation processes (mammalian – i.e. human blood factors, serum for 
media), processes where an infected host is used (i.e. direct infected eggs for flu 
vaccines) and products “manufactured” in genetically engineered plant/animal products 
and subsequently purified.  
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Fermentation 
Processes that utilize the growing of bacteria, yeast or mold cells to produce a biological 
product or intermediate.   
 
Fill Finish 
A medicinal product that has undergone all stages of production.  
 
Fume Hoods 
Units that collect fumes from chemicals, solvents, acids, and other hazardous materials. 
Hoods may include HEPA filters if powders are present, or carbon filters to filter fumes 
from the work surface and return cleaned air to the room. Most fume hoods are 100% 
exhausted to outdoors.  
 
Fume hood Diversity 
Fume hood diversity is the percentage of hoods in a laboratory facility that are being used 
simultaneously. Seventy-five percent diversity means that 75 percent of the total installed 
fume hood air flow is occurring simultaneously. This results from a combination of fume 
hood sashes being only partly open to fume hoods being turned off while others are wide 
open. 
 
GMP Facility 
A production facility or clinical trial materials pilot plant for the manufacture of 
pharmaceutical products. It includes the manufacturing space, the storage warehouse for 
raw and finished product, and support lab areas. A GMP facility operates under the 
guidelines established by the CFR (Code of Federal Regulations) Title 21, Parts 225 
(Current Good Manufacturing for Medicated Feeds - Subpart B), and Part 226 (Current 
Good Manufacturing Practice for Type A Medicated Articles - Subpart B). 
 
Inhalants 
A medicinal substance to be taken by breathing (aspirating). 
 
I/O Point Count 
The I/O that comes over digital communication interfaces from outside of the control 
system. For such interfaces, count the addressable points. 
 
IQ (Installation Qualification)  
Documented verification that all aspects of a facility or system, that can affect product 
quality, adhere to approved specifications and are correctly installed. This includes 
adherence to appropriate GMPs and product criteria, approved design intentions, and 
manufacturer's recommendations. Static checks that demonstrate that equipment is 
constructed as designed and specified, is correctly installed and connected to factory 
systems and supporting documentation and infrastructure are in place   
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Mechanical Completion  
The point in a project at which all equipment and materials have been installed, but not 
commissioned.  
 
Modularization – Modularization refers to the use of offsite construction.  For the 
purposes of the benchmarking data, modularization includes all work that represents 
substantial offsite construction and assembly of components and areas of the finished 
project.  Examples that would fall within this categorization include: 
 

 Skid assemblies of equipment and instrumentation that naturally ship to the site 
in one piece, and require minimal on-site reassembly. 

 Super-skids of assemblies of components that typically represent substantial 
portions of the plant, intended to be installed in a building. 

 Prefabricated modules comprising both industrial plant components and 
architecturally finished enclosures. 

 
Modularization does not include offsite fabrication of components.  Examples of work 
that would be excluded from the definition of modularization include: 
 

 Fabrication of the component pieces of a structural framework 
 Fabrication of piping spool-pieces 

 
Non-Parenteral 
A pharmaceutical product meant to be introduced through the mouth in the form of a 
tablet, capsule, or suspension. 
 
OQ (Operational Qualification)  
Documented verification that aspects of a facility system that can affect product quality 
perform as intended throughout anticipated operating ranges. Dynamic tests that 
demonstrate that the equipment operates according to the design specification and meets 
the user requirements.  Includes integrated line performance trials to demonstrate that the 
equipment consistently achieves output and quality targets over the full range of 
operating conditions.  
 
Packaging 
All operations, which a bulk product has to undergo in order to become a finished 
product (e.g. labeling, putting in its final container). 
 
 
Parenteral 
A parenteral drug is defined as one intended for injection through the skin or other 
external boundary tissue, rather than through the alimentary canal, so that active 
substances they contain are administered, using gravity or force, directly into a blood 
vessel, organ, tissue, or lesion. They are infused when administered intravenously (IV), 
or injected when administered intramuscularly (IM), or subcutaneously into the human 
body. A large volume parenteral (LVP) is a unit dose container of greater than 100ml that  
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is terminally sterilized by heat. Small volume parenteral (SVP) is a "catch-all" for all 
non-LVP parenterals products except biologicals. 
 
PQ (Performance Qualification)  
Documented evidence that a process or system consistently and reproducibly performs as 
intended and does what it purports to do. This accomplished through extended time 
studies or process runs with simulated products or conditions. A documented program to 
demonstrate that a production process, performed to defined operating parameters will 
consistently result in product that meets predefined control specifications 

 
Pharmaceutical Warehouse 
A large building for storing large quantities of pharmaceutical or biological goods 
 
Pilot Plant 
A processing facility used as an intermediate in scaling up processes from the laboratory 
to commercial production. 
 
Process  
A manufacturing, cleaning, packaging, or distribution operation which may be made up 
of a series of steps or stages. A set of interrelated or interacting activities which transform 
inputs into outputs. 
 
Process Development 
A space designed, constructed, and operated to provide a safe and healthful work area for 
activities associated with the handling of substantial quantities of toxic chemicals, 
petroleum fuels, compressed gases, and other hazardous materials for chemical 
processing experimentation. 
 
Process Validation 
Establishing, through documented evidence, a high degree of assurance that a specific 
process will consistently produce a product that meets its predetermined specifications 
and quality characteristics. 
 
Process Validation Protocol 
Documented plan for testing a pharmaceutical product and process to confirm that the 
production process used to manufacture the product performs as intended. This includes a 
review of process variables and operational limitations as well as providing the sampling 
plan under actual use conditions. 
 
Protocol  
A prospective plan, that when executed as intended, produces documented evidence that 
a Process or System has been properly qualified.   
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Qualification  
Action of providing that equipment or ancillary systems are properly installed, work 
correctly, and actually lead to the expected results. Qualification is part of validation, but 
the individual qualification steps alone do not constitute process validation.  
 
Quality Control / Quality Assurance 
Laboratories / functional areas used by analyst / chemist to perform testing of raw 
materials and finished products.  The testing may involve separation, identification, 
purification, qualification of various compounds.  Examples of the labs include Wet 
Chemistry / Raw Material Lab, Dissolution Lab, Finished Product / HPLC (instrument) 
lab, Microbiology / Analytical Lab, Media Prep and Balance rooms.  Some specialty labs 
may include Light Sensitive labs, Isolation labs (for materials requiring a certain level of 
containment / isolation e), Potent B/S (Bio Safety) testing (antibiotics), Physical Lab 
(used to analyze packaging components), Robotics and Automation, Gas 
Chromatography and Atomic Absorption (GC&AA) Labs. 
 
Research Facility 
A facility for systematic investigations, including research development, testing and 
evaluation, designed to develop or contribute to generalizable knowledge. 
 
Secondary Manufacturing 
Formulating medicines by mixing the active ingredient with excipients. Concentration, 
drying, and filling into containers prior to dispensing and final filling. 
 
Solid Dosage 
Formulated in a solid or powder form for patient to ingest orally. 
 
Stability 
Generally, stability refers to the physico-chemical condition of a parenteral, biological, or 
shelf life of labile drugs. Certain drugs must pass U.S.P. or CFR stability tests. For 
example, human serum albumin must pass certain limits of nephelometric turbidity. Also 
manufacturers must have documentation of potency of labile products under labeled 
storage conditions. 
 
Stirred Tank (Bioreactor) 
A suspension cell culture processes that are performed in an agitated vessel for cell 
production.  This would also include micro-carrier based Attachment Dependant – Cell 
Culture. 
 
Syringe 
A hollow tube and needle used for removing blood from your body, or for putting 
medicine or drugs into it 
 
Vaccine 
Vaccine is one of the representative biological agents that come directly from animals or 
plants through fractionation processes or processes where an infected host is used. Also,   
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a preparation of killed microorganisms, living attenuated organisms, or living fully 
virulent organisms that is administered to produce or artificially increase immunity to a 
particular disease. 
 
Validation  
A documented program that provides a high degree of assurance that a specific process, 
method, or system will consistently produce a result meeting pre-determined acceptance 
criteria.  
 
Validation Master Plan  
The documented plan for qualification of a facility or part of a facility that identifies the 
layout of the operation, the associated utilities and systems, the equipment, and the 
processes to be validated. The validation master plan also provides preliminary 
information as to the extent of the qualification and validation (IQ, OQ, PQ), required 
documentation, SOPs, acceptance criteria and responsibilities. Validation Master Plans 
should also establish the cross reference of qualification projects by product, system, 
discipline, etc.  
 
Validation Protocol  
A written plan describing the process to be validated, including production equipment 
and how validation will be conducted. Such a plan would address objective test 
parameters, product and process characteristics, predetermined specifications, and factors
which will determine acceptable results.  
 
Vial 
A final container for a parenteral or diagnostic product. Sealed with a rubber closure and 
over-seal. Generally required to be class I borosilicate glass. 
 
Verification 
The act of reviewing, inspecting, testing, checking, auditing, or otherwise establishing 
and documenting whether items, processes, services, or documents conform to specified 
requirements.  
 
Vivarium 
A research facility whose primary function is scientific research involving live animals. 
Types of animal facilities may include: conventional holding, barrier facilities, breeding 
facilities, and testing facilities such as safety assessment and behavioral research. Typical 
spaces in a Vivarium may include small animal holding, large animal holding, procedure 
rooms, necropsy, pharmacy, surgery, cage wash, and support areas.  
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Cost, Dimension, and Characteristic Data Elements 
 

Category Data
 Pharmaceutical Bulk & Secondary Manufacturing, & Laboratory

a. Facility Construction Cost
b. Process Equipment Cost
c. Process Installation Cost
d. Process Automation Cost
e. Process Construction Cost (b+c+d) 
f. Total Hard Costs (a+e)
g. Design and Construction Management Cost
h. Commissioning and Qualification Cost
i. Total Soft Costs (g+h)
j. Total Installed Costs (f+i) 

 Pharmaceutical Bulk & Secondary Manufacturing 
a. Process Space  Square Footage 
b. Process and Building Circulation Square Footage
c. Personnel Square Footage
d. Materials Handling Square Footage
e. Process Support Square Footage (including Lab)
f. Process Related Square Footage (b+c+d+e)
g. Mechanical Square Footage 
h. Shell Space Square Footage
i. Gross Square Footage of Facility (a+f+g+h)
j. Gross Cubic Footage of Facility 

 Pharmaceutical Laboratory
k. Lab Square Footage 
l. Lab Support Square Footage
m. Office  Square Footage
n. Circulation Square Footage 
o. Mechanical Square Footage 
p. Shell Space Square Footage
q. Other Use Space Square Footage
r. Gross Square Footage of Facility    (k+l+m+n+o+p+q)

 Pharmaceutical Bulk & Secondary Manufacturing 
I/O Point Count
Validated Equipment Piece Count 
Total Equipment Piece Count
Number of IQ protocols written in this project
Number of OQ protocols written in this project

 Pharmaceutical Laboratory
Bench Top Linear Footage
Lab Population 
Total Building Population
Fume Hoods Linear Footage
Fume Hoods Diversity (0%-100%)

Dimension

Characteristic

Cost

 
IQ: Installation Qualification 
OQ: Operational Qualification   
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Cost Definitions 
 
HARD COSTS 
 
Facility Construction Costs 

 
Building Shell Categories 

 
Foundations: Building foundations, retaining Walls, slab on grade, excavation 
and backfill (associated with foundations), dewatering, sheet piling and piles.  
Exclude significant soil remediation, rock excavation. 
 
Substructure:  Walls and slab associated with below grade (basement) 
construction including excavation, backfill and dewatering.   
 
Superstructure:  Primary, Secondary and misc. structural steel, roof deck, metal 
deck, elevated slabs, grating, handrails, stair framing, ladders, platforms, and 
fireproofing. 
 
Building Enclosure: Exterior enclosure, curtain walls, brick, block, sealants and 
caulking, exterior doors, louvers, glazing, windows, store fronts and flashing. 
 
Roofing: roof, insulation, drain water conductors, roof hatches, vents, skylights
and flashing. 
 
 
Building Fit out Categories 

 
Interior Construction:  Interior walls, doors and windows, finish hardware, 
ceilings, floors and floor finishes, painting, wall coverings, casework (wall and 
base cabinets) including Lab Casework and bio-safety cabinets, caulking, signage, 
furnishings, window treatments and specialty items.  GMP cleaning is also 
included in interior construction. 
 
Conveying Systems: Elevators, dumbwaiters, escalators, lifts, hoists. 
 
Electrical – Facility:  Conduit, wireway, wire molds, junction boxes, wiring,
cabling and terminations for lighting and convenience power, ground wire and
rods, UPS systems, interior lighting, exit signs, emergency lighting. 
 
Voice, Data and Security: Conduit, cabling, wire and devices for telephone and 
computers, networking hardware, CCTV, fire alarm systems, security systems and
plant-wide communications.  
 
Plumbing:  Sanitary and Storm Piping and fixtures and equipment (excluding site 
utilities)  



 

 186 

Plant Utility / Building Services: Pumps, chillers, cooling towers, boilers, heat 
exchangers, air compressors, etc. and other packaged equipment and associated
piping and insulation for plant utilities and building services. Emergency power
generation. 
 
HVAC Dry (Equipment/Duct): HVAC Equipment, ductwork and inline devices, 
filters used for commissioning, insulation, test and balance HVAC systems.  
Fume Hoods are included here. 
 
HVAC Controls: Cost of Building Automation Systems (BAS) and Building 
Management Systems (BMS) including the purchase, programming, configuration 
and installation, of the control system hardware.  Also include the qualification of 
the control system (if required) through the I/O module and historian.  Exclude 
the cost of instrumentation and field wiring, which should be included with 
Building Fit-out Cost. 
 

*BAS I/O     Total number of inputs plus the total number of outputs that are 
actually wired (i.e. are being used) 

 
Fire Protection: Wet and dry systems including halon systems and associated 
fire extinguishers, cabinets, hose reels and certification of systems.  
 
Vendor Support: Costs for vendor support for Factory Acceptance Tests, Site
Acceptance Tests, construction and startup for Facility-related Construction.   
 
Modules – Facility Related Construction: The portion of the cost of any 
modular construction that is facility-related as described above.  Includes 
engineering and design cost of the modules if performed by the module supplier
or a subcontractor to the supplier. Includes transportation costs to the project site, 
and assembly/reassembly costs at the project site. 
 

 
Process Construction Cost 

 
Process Equipment Costs 
 

Process Equipment: All process equipment  
 

Superskids: Offsite constructed process skids  
 
Process Installation Costs  
 

Process Equipment Installation: Offloading, staging, rough setting and final 
setting / alignment.  
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Vendor Support: Costs for vendor support for Factory Acceptance Tests,
Site Acceptance Tests, construction and startup for Process Equipment.   

 
Process Related: Equipment foundations / pads / grouting and pipe racks &
supports specific to process. 

 
Process Piping: Process piping and insulation associated with process 
equipment. This includes Process, clean utilities (clean steam, CIP, WFI, etc.) 
as well as process waste (vents and drains).  

 
Electrical – Process: Conduit, cable tray, ducts, junction boxes, wiring, 
cabling and terminations, motor connections, starters and disconnects, safety 
switches, heat tracing for process and controllers for all process related 
equipment 

 
Electrical – Distribution: medium voltage switches, transformers, switchgear
switch boards, MCC’s, panel boards and all associated conduit, cable tray, 
junction boxes, wiring, cabling and terminations. 

 
Environmental Rooms: Cold, Tempering and Freezer rooms. 

 
Vendor Support: Costs for vendor support for Factory Acceptance Tests,
Site Acceptance Tests, construction and startup.  

 
Modules – Process Related Construction: The portion of the cost of any 
modular construction that is process-related as described above.  Exclude 
process equipment costs, which will be included with the Process Equipment 
Costs category.  Includes engineering and design cost of the modules if
performed by the module supplier or a subcontractor to the supplier. Includes 
transportation costs to the project site, and assembly/reassembly costs at the
project site. 

  
 
Process Automation Costs  
 

Instrumentation: Process Instruments (pressure, temperature, flow and level) 
and devices including all bulk materials for installation and panels, boards, 
cabinets and marshalling racks, etc. 

 
Process Automation: DCS, MES, SCADA, I/O panels, software, engineering
design, configuration, computers, printers, terminals, operator stations, racks
and shelves and validation of software.  
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SOFT COSTS 
 
Design and Construction Management costs: (Inclusive of owner staff costs
associated with these activities)  
 

Construction Management:  
 

Construction Management: Labor and subsistence of personnel associated 
management of subcontractors and Construction Fees. 
 
Construction Management General Conditions: Infrastructure required to 
house and support construction management staff.  This includes but not limited 
to trailers & offices, utilities, communications, computers (Hardware / Software),
Office Supplies, reproduction services, office equipment, site transportation, etc. 
 

 
Professional Services: 

 
Phases of Engineering: Labor and expenses associated with Professional 
Services for Architectural / Engineering / Design / Supply Management / Project
Management and Support Services from Conceptual through Detailed Design /
Construction Documents.  Include any Engineering Fee in the Detailed Design
Line. 
 
Construction Support / Assistance: Labor and expenses associated with 
Professional Services for Field Support after release of Issue for Construction
Drawings / Packages (RFI’s, and Subcontractor Shop Drawing Reviews).  Field
Support from Project Management and Project Services after Design is complete 
is also included in these costs. 
 
As-Builts / Record Drawings: Labor and expenses associated with all 
Professional Service efforts from Engineering Contractors associated with
preparing as-builts/record drawings.  Subcontractor efforts are included in the 
hard cost categories above. 
 

 
Commissioning and Qualification: (Inclusive of owner staff costs associated with
these activities)  
 

Commissioning and Qualification (IQ/OQ/ Utility PQ): Labor and subsistence 
of personnel associated with commissioning the facility. This includes
documented evidence of the physical completion of the facility, mechanical
completion of equipment, installation and connection of utilities and the proof of  
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systems operations. Co-ordination of Commissioning activities (with vendors
where necessary) is a construction responsibility. Commissioning requirements
include, but are not limited to: 
 

• Installation Inspection 
• Cleaning Inspection 
• Access Inspection 
• Instrument Loop Checks and Calibration 
• Component Settings 
• Utility Connections 
• Start-up and Start-down Sequence Testing 
• Interlocks Testing 
• Alarm and Monitoring Testing 

 
 
Qualification Services: Labor and expenses associated with all Professional
Services for Qualification (IQ / OQ) performed by Contractors or Owner. 
 
 
Maintenance and Operations Procedures:  Labor and subsistence for 
contracted resources used to support the establishment of planned maintenance 
strategies.  This may include failure mode and effect analysis, spare parts analysis
and collection, verification and coding of data to the maintenance system.  Note 
that costs associated with Owner employees are collected in the Owner Costs 
account.  
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Duration Definitions

Project Phase Start/Stop Typical Activities & Products Typical Cost Elements 
Pre-Project Planning 
 
Typical Participants: 

• Owner personnel 
• Planning Consultants 
• Constructability Consultant 
• Alliance / Partner 

 

Start:  Defined Business Need 
that requires facilities 

Stop:  Total Project Budget 
Authorized  

• Options Analysis 
• Life-cycle Cost Analysis 
• Project Execution Plan 
• Appropriation Submittal Pkg 
• P&IDs and Site Layout 
• Project Scoping 
• Procurement Plan 
• Arch. Rendering  

• Owner Planning team personnel 
expenses 

• Consultant fees & expenses  
• Environmental Permitting costs 
• Project Manager / Construction 

Manager fees 
• Licensor Costs 

Detail Design 
 
Typical Participants: 

• Owner personnel 
• Design Contractor 
• Constructability Expert 
• Alliance / Partner 

Start:  Design Basis 
Stop:  Release of all  approved 

drawings and specs for 
construction (or last package 
for fast-track) 

• Drawing & spec preparation 
• Bill of material preparation 
• Procurement Status 
• Sequence of operations 
• Technical Review 
• Definitive Cost Estimate 

• Owner project management personnel 
• Designer fees 
• Project Manager / Construction 

Manager fees 
 

Demolition / Abatement  
(see note below) 
 
Typical Participants: 

• Owner personnel 
• General Contractor  
• Demolition Contractor 
• Remediation / Abatement 

Contractor 

Start:  Mobilization for 
demolition 

Stop:  Completion of demolition 

• Remove existing facility or 
portion of facility to allow 
construction or renovation to 
proceed 

• Perform cleanup or abatement / 
remediation 

 
 

• Owner project management personnel 
• Project Manager / Construction 

Manager fees 
• General Contractor and/or Demolition 

specialist charges 
• Abatement / remediation contractor 

charges 

Note:  The demolition / abatement phase should be reported when the demolition / abatement work is a separate schedule activity (potentially 
paralleling the design and procurement phases) in preparation for new construction.  Do not use the demolition / abatement phase if the work 
is integral with modernization or addition activities. 
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Project Phase Start/Stop Typical Activities & Products Typical Cost Elements 
Procurement 
 
Typical Participants: 

• Owner personnel 
• Design Contractor 
• Alliance / Partner 

 

Start:  Procurement Plan for 
Engineered Equipment 

Stop:  All engineered 
equipment has been 
delivered to site 

• Supplier Qualification 
• Supplier Inquiries 
• Bid Analysis 
• Purchasing 
• Engineered Equipment 
• Transportation 
• Supplier QA/QC 

• Owner project management personnel
• Project/Construction Manager fees 
• Procurement & Expediting personnel  
• Engineered Equipment 
• Transportation 
• Shop QA/QC 

Construction 
 
Typical Participants: 

• Owner personnel 
• Design Contractor 

(Inspection) 
• Construction Contractor and 

its subcontractors 

Start:  Commencement of 
foundations or driving piles 

Stop:  Mechanical Completion 

• Set up trailers 
• Site preparation 
• Procurement of bulks 
• Issue Subcontracts 
• Construction plan for 

Methods/Sequencing 
• Build Facility & Install 

Engineered Equipment 
• Complete Punchlist 
• Demobilize construction      

equipment 

• Owner project management personnel
• Project Manager / Construction 

Manager fees 
• Building permits 
• Inspection QA/QC 
• Construction labor, equipment & 

supplies 
• Bulk materials 
• Construction equipment 
• Contractor management personnel 
• Warranties  

Start-up / Commissioning 
Note: Not usually applicable to 
infrastructure or building projects 
 
Typical Participants: 

• Owner personnel 
• Design Contractor  
• Construction Contractor 
• Training Consultant 
• Equipment Suppliers 

Start: Mechanical Completion 
Stop:  Custody transfer to 

user/operator (steady state 
operation) 

• Testing Systems 
• Training Operators 
• Documenting Results 
• Introduce Feedstocks and 

obtain first Product 
• Hand-off to user/operator 
• Operating System 
• Functional Facility 
• Warranty Work 

• Owner project management personnel
• Project Manager / Construction 

Manager fees 
• Consultant fees & expenses 
• Operator training expenses 
• Wasted feedstocks 
• Supplier fees 
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Project Phase Start/Stop Typical Activities & Products Typical Cost Elements 
IQ (Installation Qualification) 
 
Typical Participants: 
• Engineering 
• Owner / User (Operations) 
• C&Q lead 
• C&Q contractor 
• Validation 
• Quality 
• Maintenance 
• Calibration 
• Vendor 
 

Start:   
Start drafting protocols 
 
 
Stop:   
Approval of all IQ packages 

• Component identification 
•  Protocol development, 

review and approval 
• Installation and verification 

of equipment 
• Inspection of equipment 

(Calibrations) 
• Operating procedures 
• Operating manuals 
• Preventative maintenance 
• Spare parts  
• Drawings 
• Utility Checks 

 

• Engineering Time 
• Project team expense (review and 

approval) 
• C&Q lead 
• C&Q contractor document 

development and test execution  
• Operator labor 
• Vendor costs 
• Training costs 
• Calibrations 

OQ (Operational Qualification) 
 
Typical Participants: 
• Engineering 
• Owner / User (Operations) 
• C&Q lead 
• C&Q contractor 
• Validation 
• Quality 
• Vendor support 
  

Start:   
Start drafting protocols 
 
 
Stop:   
Approval of all OQ packages 

• Operation range verification 
• Protocol development, review 

and approval 
• Testing of equipment per 

protocol 
• Training of Operators 

 

• Engineering Time 
• Project team expenses (review and 

approval 
• C&Q lead 
• C&Q contractor document 

development and test execution 
• Test lab costs 
• Operator labor 
• Vendor costs  
• Training costs  
• Calibrations 

PQ (Performance Qualification) 
 
Typical Participants: 
• Engineering 
• Owner / User (Operations) 
• Validation 
• Quality 
• Test Labs 
• MS&T 
 

Start:  
Start drafting protocols 
 
 
Stop:   
Approval of all PQ packages 

• Protocol development, review 
and approval 

• Protocol test execution 
• Test product runs 
• SOP approval 
• Material testing 
 

• Engineering time 
• Project team expenses (review and 

approval) 
• Execution of protocol 
• Test lab costs 
• Standard product costs (raw 

materials, labor, and product 
testing) 

• Utilities 
• Consumable supplies 
• Training costs  
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Space Definitions  
 
A pharmaceutical project is defined as one building, or the inside battery limits 
(ISBL) area plus five feet of perimeter radius 
 
 
Pharma/Biotech Manufacturing 
 
PROCESS SPACE  
 
• Definition – cGMP classified space directly related to product manufacturing.  

Spaces include fermentation, purification; buffer prep, buffer hold, column prep, 
media prep, seed prep, recovery and formulation. 

 
 
• Aseptic Process Space Classification Determined in Operation  

State (Note 1) In Operation At Rest

Descriptive

Max. Number 
particles 0.5 

micron & 
larger per m3

Descriptive
Max. Number 

particles 0.5 micron 
& larger per ft3

Descriptive

Max. Number 
particles 0.5 

micron & 
larger per ft3 

(per m3)

Max. 
Number of 

viable 
microorgani
sms (CFU) 
per ft3 (Per 

m3)

Descriptive

Max. Number 
particles 0.5 

micron & 
larger per m3 

(per ft3)

Max. Number 
particles 0.5 

micron & larger 
per m3 (per ft3)

Max. Number 
of viable 

microorganism
s (CFU) per 
m3 (Per ft3)

ISO Class 5 3,520 Class 100 100
Critical 
Areas 

Class 100

100         
(3,546)

0.1        
(3.5) Grade A 3,500        

(99)
3,500         
(99)

Less than one 
(0.03)

ISO Class 6 35,200 Class 1,000 1,000

ISO Class 7 352,000 Class 10,000 10,000 Grade B 3,500        
(99)

350,000 
(9,912)

10           
(028)

ISO Class 8 3,520,000 Class 100,000 100,000

Controlled 
Areas 
Class 

100,000

100000      
(3,546,100

2.5        
(88.7) Grade C 350,000 

(9,912)
3500000 
(99,129)

100          
(2.8)

ISO Class 9 35,200,000 Grade D 3500000 
(99,129) Not Defined 200          

(5.7)

In Operation In Operation

AIRBORNE PARTICULATE CLEANLINESS CLASSES STERILE DRUGS ENVIRONMENTAL REQUIREMENTS
International Standard ISO 

14644 1 Classification 
(1999); ISO 14644-2 Specs. 

For Testing & Monitoring 
(2000)

USA Federal Standard 209E 
Cleanroom & Workstation 
Requirements, Controlled 

Environment, 1992 (Note 2)

USA FDA guideline on Sterile Drug 
Products Produced by Aseptic 

Processing, June 1987

European Commission 1997 GMP Guide, Annex 1 
Manufacture of Sterile Medicinal Products

 
 
• Non-Aseptic Process Space Classification  

 
o Controlled Unclassified 

- There is potential for product exposure 
- Surfaces and machine components that are designed to contact product are 
exposed to the environment.  
- Manufacturing areas where there is open processing and dust generating 
operations  



 

 194 

- For example: Glen Bowl mixing, powder encapsulation, primary packaging of 
powders, dispensing booths 
- Mfg areas where there is little risk of dust generation and where closed 
processing occurs. 
- For example: corridors that transition into open processing areas, or primary 
packaging. 

 
 

o General Process 
- GMP area with no potential for product exposure. 
- Limited or no exposure of surfaces and machine components that are designed 
to contact product 
- May be working space (e.g. secondary packaging) 
- May be non-working space (e.g. transition zone, support corridor) 
- Environmentally controlled space with an intermediate or low level of finishes. 
- For example: Mfg staging, transition zones, gowning / lockers, circulation 
around white areas, secondary packaging, environmentally controlled warehouse 
or work-in-place storage 

 
 
PROCESS SUPPORT  
 
• Definition – cGMP classified or controlled space needed to support the 

manufacturing process.  Spaces include in-process lab, QA/QC lab when part of 
building, equipment wash/prep, freeze thaw operations, or Decon autoclaving. 

 
PROCESS AND BUILDING CIRCULATION  
 
• Definition – Main circulation for connection of process suites and building areas.  

This includes supply corridors; return corridors, controlled corridors, airlocks for 
suites, building corridors, or vertical circulation (stairs, elevators).  It does not 
include airlocks within suites and circulation within suites which connect multiple 
small operations. 

 
PERSONNEL  
 
• Definition – Spaces needed for personnel to operate and maintain the 

manufacturing process.  Spaces include lockers, toilets, break rooms, offices, 
cubicles, administration support, conference rooms, document storage, control 
rooms, or maintenance shops and workspaces. 

 
MATERIAL HANDLING AND STORAGE  
 
• Definition – Spaces needed to receive, store, stage and transfer or shop raw 

material, consumables, finish goods, or waste.  
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MECHANICAL 
 
• Definition – Enclosed mechanical space and vertical distribution of mechanical 

through floors.  Spaces include HVAC mechanical, process utilities, building 
utilities, mechanical chases, electrical rooms, data rooms, BAS rooms, MCC 
rooms, or elevator equipment rooms. 

 
SHELL SPACE SQUARE FOOTAGE 
 
• Definition - Building area where structure, primary utilities and exterior is 

completed with intention of future fit-out. 
 
 
Pharma/Biotech Laboratory 
 
LABORATORY SQUARE FOOTAGE 
 
• Definition – Space directly related to chemical and process development, and 

drug safety evaluation.  Laboratory spaces include chemical/biochemical labs, 
genetics labs, virology labs, mass spectrometry, pharmaceutical and 
biopharmaceutical development, stability labs, safety evaluation labs and 
compound archiving. 

 
*Lab Population (Scientist Population)   
 
This would include scientists (PhD, non PhD, Senior and Associate researcher 
etc) and research personnel (Technician, Analysts etc) that actually work in the 
laboratories within the Lab Building. It would not include non-research functions, 
research management, or research support such as lab services. 

 
LABORATORY SUPPORT SQUARE FOOTAGE 
 
• Definition – Space allocated to the support of laboratory functions.  Spaces 

include glassware storage/wash, freeze thaw operations, decontamination 
autoclaving, cage washing, animal housing, waste neutralization, incineration, 
calibration and maintenance shops. 

 
OFFICE SQUARE FOOTAGE 
  
• Definition – Offices (enclosed and open plan), write-up areas, administration 

(copy/print rooms, libraries, etc.), conference rooms, and document storage. 
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CIRCULATION SQUARE FOOTAGE 
  
• Definition – Spaces needed for personnel to operate and maintain the laboratory 
functions.  Spaces include interaction areas, break rooms, locker rooms, restrooms, and 
reception areas. Main circulation for connection of laboratory and building areas 
including corridors, airlocks, vertical circulation (stairs, elevators). 
 
MECHANICAL SQUARE FOOTAGE 
 
• Definition – Enclosed mechanical space and vertical distribution of mechanical 

through floors.  Spaces include HVAC mechanical, laboratory services, building 
utilities, mechanical and service utility chases, electrical rooms, IT equipment 
rooms, BAS rooms, MCC rooms, and elevator equipment rooms. 

 
 
OTHER USE SPACE SQUARE FOOTAGE 
  
• Definition – Special use areas such as auditoriums, restaurants, health centers, 

credit union offices and company stores. 
 
SHELL SPACE SQUARE FOOTAGE 
 
• Definition – Building area where structure, primary utilities and exterior is 

completed with intention of future fit-out. 
 
INTERACTION SPACE 
 
• Definition – Building area specifically designed to enhance interaction between 

researchers and groups that work in the building to facilitate the sharing of ideas 
and discoveries.  These areas are generally roomy and furnished with comfortable 
lounge type chairs and tables, attractive artwork and provision of drinks and 
snacks to entice extended visits.    
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Equipment Piece Count Procedure 
 
 

1. INTRODUCTION 
  
 For capital projects involving battery limits, an equipment piece count is 
useful for a high level evaluation of work performance.  You should include 
Inside Battery Limit (ISBL) equipment and exclude Outside Battery Limit 
(OSBL) equipment when performing the overall Equipment Piece Count. 
 

2. PURPOSE   
 

2.1 The purpose of this procedure is to standardize the method and 
define the rules by which pieces of equipment are counted. 

2.2 It should be understood that equipment piece count can only be 
used within the family of units from which it is derived.   For 
example, total engineering man-hours per piece of equipment will 
not be the same for both a chemical unit and a pharmaceutical unit. 
Therefore, when making projections using this statistical 
information, it is important to apply such information to a unit similar 
to that from which the statistics were obtained.  

 
3. BASIS FOR COUNTING  
 

3.1 Section 4 of this procedure provides the basis for counting each 
type of equipment.  The more common pieces of equipment, such 
as tanks, pumps, and compressors, do not normally present a 
problem.  The question of counting can be much less clear for 
auxiliary equipment or special items which may vary greatly in 
complexity, such as materials handling equipment and packaged 
items. 

  
3.2 Where not specifically defined in Section 4, the following guidelines 

should be applied to determine if an item should be included in the 
piece count.  If the guidelines are all affirmative, then the item must 
be counted.  If only part of the guidelines apply, good judgment 
must then be used. 

 
• Does it require the preparation of a data sheet and an 

equipment specification in order to requisition the item? 
• Does it require the preparation of foundation designs and 

drawings or the design of a structure to support it? 
• Does it create a need for piping or other mechanical 

interface and the determination of routing for such 
mechanical connections?  
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3.3      OSBL facilities are excluded.   
3.4      Installed duplicate or spare items are counted individually as pieces 

of equipment.   
3.5      Stacked items of equipment are counted as separate pieces as if 

they were not stacked, except for double pipe exchangers, which 
are counted in accordance with Section 4.  

3.6      All piece counts shall be made using an equipment schedule 
generated by and checked for consistency with the latest revision of 
the project P&ID’s. 

3.7      All auxiliary equipment furnished with other items of equipment 
must be checked to see how they are mounted in order to 
determine whether they are counted according to Section 5.1 or 5.2

 
4.       EQUIPMENT COUNT BY TYPE 
 
 
 4.1 CLASS – API PROCESS/UTILITY METHOD OF COUNTING  

   
 
Agitators & Mixers    Count if purchased separately 
       from the vessel.   
 
Air Cooled Exchangers   Count each bundle. 
 
Air Heaters     Count each separately supported 
       heater assembly whether fired or 
       exchanged against effluent  
       gases. 
 
Centrifuges               Count as one item. If a filtrate  
       tank is used, that is a separate 
       piece of equipment. 
 
Compressors, Blowers   Count each item with motor drive 
Fans                as one and each item with   
       turbine, gas engine or diesel  
       engine drive as two pieces.  
 
Cooling Towers    Count as one item including  
       basin.  
 
Cyclones, Bins & Hoppers   Count each item.  
 
Deaerators     Count each deaerator. 
 
Double Pipe Chillers and Exchangers Count each assembly.  
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Eductors      Count each eductor. 
 
Elevators – Passenger or Freight  Count each elevator. 
 
Exchangers – shell & tube   Count each shell. 
 
Filters      Count only “powered”   
       (electrically, pneumatically, or  
       hydraulically) filters. 
 
Generators      Count each standby or   
       emergency unit as one. 
 
Heater Stacks     Count only if separately mounted 
       on its own foundation. 
 
Heaters      Count each integral heater as  
       one piece.  Do not count   
       additional coils such as steam 
       superheat, steam, preheat,  
       unless combined into a separate  
       bank and supported separately.  
 
Inert Gas Generators    Count in accordance with the  
       procedure for packaged units. 
 
Instrument Air Dryers     Count as one piece. 
 
  
Material Conveyors    Count each elevator and  
& Elevators     conveyor. 
 
Mills      Count as one piece.  Exclude co- 
       mills from the count. If an   
       associated blender or pack-off  
       system is used, that is a separate 
       piece of equipment. 
 
Packaged Units    Apply guidelines in Section 5.  
 
Plate & Frame Exchangers Count each exchanger.   
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Process & Storage Tanks   Count each tank. Mother liquor  
       tank, extractor tank, vacuum  
       receiver, magma tank -- all count 
       as one piece of equipment.  If 
       agitator is purchased with the  
       tank, it is considered as part of 
       the tank and not counted   
       separately.  
 
Process Condensers    Count as one piece.   
 
Process Dryers    Count each dryer.  Filter dryer or 
       dryer and associated dust   
       collector is considered one piece 
       of equipment.  If vacuum receiver 
       or filtrate receiver is used they 
       are a separate piece of   
       equipment. 

 
Pumps & Drivers    Count each pump with motor  
       drive as one and each pump with 
       turbine, gas engine or diesel  
       engine drive as two pieces. 

 
Reactors      Count each reactor as   
       one. If agitator is purchased with  
       the reactor, it is considered as 
       part of the reactor and not   
       counted separately. Count   
       associated pumps ( e.g. jacket  
       services, reactor pump), and vent 
       condensers separately. 
 
Refrigeration Equipment   Count in accordance with Section 
       5.2.  
 
Regenerators     Count each regenerator.  
 
Silencers     Count each silencer. 
 
Solids charging items    Count as one piece of equipment 
       if used for high containment.  A 
       glove box, an FIBC with loss in  
       weight feeder system, or a  
       pack off system would be   
       considered as a piece of  
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       equipment.  An alpha-beta  
       system would count as 1 piece of 
       equipment. 
 
Special Equipment     Apply guidelines in Section 3.2. 
 
Stacks – Flare and Vent   Count each stack unless   
       mounted integrally on a knockout  
       drum.  
 
Steam Boilers              Count in accordance with the 

       procedure for packaged units. 
   

Submerged bundles or coils             Count each bundle or coil.  
 

Vacuum System    Count each major item as one.  
 

Water Treatment     Count in accordance with the  
       procedure for packaged units.  

 

4.2   CLASS – BIOLOGICS        METHOD OF 
COUNTING 

 
Bioreactor  Count each major component of 

the production bioreactor 
package separately. 
 

Buffer Hold Vessels    Count each buffer hold vessel. 
 

Buffer prep Vessels    Count each buffer prep vessel. 
 

Bulk Fill   Count each bulk fill station  
(This is the final fill of purified 
bulk product under sterile or low 
bioburden conditions – typically 
the equipment will be quite 
simple – a filter assembly and 
bottle-filling head located within 
a laminar air flow booth)  
 

Centrifuge     Count each centrifuge, and any 
major components on the 
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package, separately. 
 

Chromatography Skid   Count each chromatography 
skid. 
 

CIP (Clean in Place)   Count the major components of 
the skid (tanks, pumps, etc.) as 
one separately, whether portable 
or fixed 
 

Clean Steam Generator   Count each clean steam 
generator, and its major 
components, separately. 
 

COP Bath     Count each COP bath. 
 

Equipment Wash    Count each automatic washer for 
parts, drums, tanks, bins, IBCs, 
etc. as a separate piece of 
equipment. 
 

Freeze Thaw     Count each freeze-thaw (DFM) 
skid. 
 

Glass Washer/Dryer   Count each glass washer/dryer. 
 

Homogenizer     Count each homogenizer 
package. 
 

Intermediate Storage   Count each intermediate storage 
tank.  

Lyophilizers     Count each lyophilizer. 
  

Manual Wash    Count each use specific area 
designed exclusively for manual 
equipment or parts washing as a 
separate piece of equipment. 
 

Media Hold Vessels    Count each media hold vessel. 
 

Media Prep Vessels    Count each media prep vessel. 
 

Micro-Filtration  Count the major components on 
each micro-filtration skid 
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(includes filter assembly, pumps, 
heat exchangers, and possibly 
vessels integrated onto skid) 
separately. 
 

RO/DI Unit      Count major components on 
each RO/DI unit separately. 

 
Seed Bioreactors  

 
Count each major component on 
seed bioreactor package 
(this will include vessel, pumps, 
heat exchangers) separately. 
 

UFDF Filtration  Count each major component on 
UFDF skid (includes filter 
assembly, pumps, heat 
exchangers, 
and possibly vessels integrated 
onto skid) separately. 
 

USP Purified Water  Count each major component on 
USP purified water skid (includes 
USP generator, storage 
vessels, distribution pumps, heat 
exchangers, etc.) separately. 
 

WFI Skid  Count each major component on 
WFI skid.  (includes WFI  
generator, storage vessels, 
distribution pumps, heat 
exchangers, etc.) separately. 
 

WFI Still     Count each WFI still. 
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4.3 CLASS – SOLID DOSAGE PHARM METHOD OF COUNTING 
 
Blending     Count each ribbon, V, bin, drum, 
       etc. blender as one. Include  
       blenders as a separate piece of 
       equipment even if it is attached to 
       the infeed or outfeed of another 
       piece of equipment. 
 
Capsule sealing or banding   Count each sealing or banding 
       equipment separately. Count 
       separately any associated pieces 
       of major equipment such as  
       conveyors, etc.    
      
CIP (Clean in Place)    Count the major components of 
                                                                    the skid (tanks, pumps, etc) 
                                                                    separately whether portable or  
                                                                    fixed.  
 
Compression     Count the Tablet press and its 
       major components (including  
                                                                    tooling, tablet conveyors, weigh 
                                                                    checkers, post hoists, etc.) 
                                                                    separately. 
 
Dispensing     Count each dispensing booth and
                                                                    major components including 
                                                                    conveyors, hoists, docking 
                                                                    stations, etc. separately. 
 
Dry Mills and Sieves    Count each separately. 
 
Encapsulation     Count the Encapsulator and each
                                                                    major component including 
                                                                    conveyors, checkers, post hoists, 
                                                                    etc. separately.  
 
Equipment Wash    Count each automatic washer for 
       parts, drums, tanks, bins, IBCs, 
       etc. as a separate piece of  
    equipment.  
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Fluid Bed Columns     Count each column (Coating,  
                                                                    drying, granulating) and each  
                                                                    major component including     
                                                                    conveyors, lifts, etc  separately.  
 
Fluid Bed Column Solution                        Count the feed tanks, pumps, etc.  
Feed Tanks                                                separately whether portable or 
                                                                   fixed. If the same equipment  
                                                                          feeds multiple. Columns count  
                                                                   only once. If the column is fed 
                                                                   directly from solution prep, do not
                                                                          double count. 
                                                                    
Fluid Bed Column Solution    Count each major component, 
Preparation     tanks, pumps, etc. separately 
       whether portable or fixed. If the 
       same equipment feeds multiple 
       Columns count only once.  
 
High Shear Granulator   Count the High Shear Granulator 
       and any major equipment 
                                                                    including conveyors, lifts, mills, 
       etc. separately.  
 
Manual Wash     Count each use specific area 
       designed exclusively for manual 
       equipment or parts washing as a 
       separate piece of equipment. 
 
Pan Coating     Count each Pan Coater and any 
       major equipment including 
                                                          chutes, hoists, pumps,   
       conveyors, etc. separately.  
 
Roller Compaction    Count each roller compactor and 
       any major equipment including 
                                                                    chutes, post hoists,  sieves, etc. 
                                                                   separately.  
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Solution Preparation for Count each major component of 
the prep skid, 

High Shear tanks, pumps, etc. separately  
 whether portable or fixed. If the 

same equipment feeds multiple 
granulators, 

 count only once.  If each 
granulator has its own solution 
prep equipment 

 count each set of solution prep 
 equipment. 

 
Solution Preparation for   Count each major component 
Pan Coating                                                including tanks, pumps, etc. 
                                                                    Separately whether portable or 
                                                                    fixed. If the same equipment  
                                                                    feeds multiple. Pan Coaters 
                                                                    count it only once. If each pan 
                                                                    coater has its own solution prep 
                                                                    equipment count one for each set
                                                                    of solution prep equipment. 
 
Tablet Printing / Sorting   Count each tablet printer or sorter 
       in its own dedicator area as one. 
 
Tray Dryers     Count separately each major 
                                                                    piece of equipment including  
                                                                    conveyors, lifts, mills, etc.  
 
Vacuum Ovens    Count separately each major 
       piece of equipment including 
                               conveyors, lifts, mills, etc.  
            
Wet Mills and Sieves    Count each separately.   
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5.        EQUIPMENT COUNT FOR PACKAGED UNITS    
  

   5.1     SKID MOUNTED UNITS                                                                     
   
  Skid mounted units are designed, engineered, procured and   
  fabricated by the vendor.   

 
5.2      PACKAGED SYSTEMS  
 

Regardless of whom does the basic design, detailed engineering, 
and procurement, count in accordance with Section 4.  
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Appendix B: Location and Time Adjustment Examples 
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An Example of Location and Time Adjustment for a Domestic Project 

Example 1: A Domestic Project 
• City: Seattle (WA) 
• Midpoint of construction: 08/17/2003 
• Exchange Rate: 1USD = 1USD 
• Facility Construction Cost: USD 50,000,000 
• Equipment Cost: USD 5,000,000 
     - Process Equipment Cost: Steps 1 and 3 only 

 
 
Step 1: Exchange Rate Application 
 
 
 
 
 
 
 
 
 
 
Step 2: Localization 

  
 
 
 
 
 
 
 
 
 
 
Step 3: Time Conversion 
 
 
 
 
 
 
 
 

Project Location Cost (LC) = USD 50,000,000 
                                              (USD 5,000,000)  
                                                                            = Project Location Cost (USD) = USD 50,000,000  
                   Exchange Rate* = 1                                                                             (USD 5,000,000) 
 

*- Domestic: 1 USD = 1 USD 
  - International: 1 USD = X. XXX LC 

 Project Location Cost (USD) = USD 50,000,000
                                                                                = Project Chicago Cost (USD) = USD 54,932,302 
Historical Localization Factor * = (103.4 / 113.6) 
 
* - Domestic: Project Closest City Index / Chicago City Index   
      (Source: RS Means City Cost Index at the Midpoint of Construction) 

 - International: Project Closest City Index / 100 
    (Source: Hanscomb Means City Cost Index at the Midpoint of Construction) 

 

Project Chicago Cost (USD) = USD 54,932,302
                                                 (USD 5,000,000) 
                                                                             = Project Chicago Today’s Cost (USD) =USD 59,801,301 
Historical Time Conversion Factor * = (132 / 143.7)                                                            (USD 5,443,182)  
 

* The Index at the Midpoint of Construction / The Index at the Present Time 
   (Source: RS Means Historical Cost Index at the Present Time) 
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An Example of Location and Time Adjustment for an International Project  

Example 2: An International Project
• City: Paris (France) 
• Midpoint of construction: 08/17/2003 
• Exchange Rate: 1USD = 0.875 EUR 
• Facility Construction Cost: EUR 50,000,000 
• Equipment Cost: EUR 5,000,000 
           - Process Equipment Cost: Steps 1 and 3 only 

 
 
Step 1: Exchange Rate Application 
 
 
 
 
 
 
 
 
 
 
Step 2: Localization 

  
 
 
 
 
 
 
 
 
 
 
Step 3: Time Conversion 
 
 
 
 
 
 
 
 

Project Location Cost (LC) = EUR 50,000,000
                                              (EUR 5,000,000)  
                                                                                = Project Location Cost (USD) = USD 57,142,857  
           Exchange Rate* = 0.875                                                                                  (USD 5,714,286) 
 

*- Domestic: 1 USD = 1 USD 
  - International: 1 USD = X. XX LC 

 Project Location Cost (USD) = USD 57,142,857
                                                                                 = Project Chicago Cost (USD) = USD 43,520,836 
Historical Localization Factor * = (131.3 / 100) 
 
* - Domestic: Project Closest City Index / Chicago City Index   
      (Source: RS Means City Cost Index at the Midpoint of Construction) 

 - International: Project Closest City Index / 100 
    (Source: Hanscomb Means Average Index at the Midpoint of Construction) 

 

Project Chicago Cost (USD) = USD 43,520,836
                                                 (USD 5,714,286) 
                                                                           = Project Chicago Today’s Cost (USD) = USD 47,378,365
Historical Time Conversion Factor * = (132 / 143.7)                                                          (USD 6,220,780) 
 

* The Index at the Midpoint of Construction / The Index at the Present Time 
   (Source: RS Means Historical Cost Index at the Present Time) 
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Appendix C: Pharmaceutical Project Key Report (Sample) 
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Appendix D: Aggregate Key Report (Sample) 
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Appendix E: Pharmaceutical Benchmarking Forums and 
Training Participants 

 

Forums  Training
Abbott Abbott

Amgen Biogen

Biogen Eli Lilly and Company 

Bristol-Meyers Squibb Genentech

CH2M HILL/IDC/ Lockwood Greene GlaxoSmithKline 

Eli Lilly and Company Merck

Emerson Process Management Wyeth

Genentech
GlaxoSmithKline 
Jacobs
Merck 
Regeneron 
Sanofi-Aventis
Sanofi-Pasteur 
Shering
Wyeth  
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Appendix F: Survey Form 
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Survey Form 
CII Pharmaceutical Capital Facilities Benchmarking  

 
Please provide us some information and feedback on the forum so that we can make 
improvements as necessary. 

 
Part I 
Topic 1: Hierarchical Structure of Pharmaceutical Project Types 

1. Do you think the hierarchical structure (Attachment A) is well organized, ensuring 
that projects to be benchmarked are properly grouped?  

 
Strongly Disagree  Disagree  Neutral Agree  Strongly Agree 

1 2 3 4 5 

     

       
     Why or why not? 

 
 

 
2. Other comments or additions for the hierarchical structure? 

 
 

 
 
 
Topic 2: Pharmaceutical Metrics 

1. Do you think establishment of industry norms (e.g. means, medians, or quartiles) for 
the developed cost, schedule, and dimension metrics (Attachment B) at each level in 
the hierarchical structure is meaningful and important to your industry?  

 
Strongly Disagree  Disagree  Neutral Agree  Strongly Agree 

1 2 3 4 5 

     

 
     Why or why not? 

 
 

 
2. What other metrics can we provide you to help facilitate your organization’s project 

performance benchmarking process? 
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Part II 
General Questions 

 
1. Were the following topics useful, of interest, and worth the time you invested in attending?   

 
 

Strongly Disagree Disagree Neutral Agree Strongly Agree 
Topic 

1 2 3 4 5 

Introduction & Purpose       

CII Pharmaceutical Initiative       

Topic 1: Hierarchical Structure of 
Pharmaceutical Project Types       

Topic 2: Pharmaceutical Metrics       

Topic 3: Location & Time             
Adjustment  Procedures       

Live Demonstration of Pharmaceutical 
Benchmarking System           

 
 
 
2. Please, provide other comments or suggestions for the overall CII Pharmaceutical 
Capital Facilities Benchmarking system. 

 
 
 

 
 

 
Thanks for participating in CII Pharmaceutical Capital Facilities Benchmarking Forum 

 

 
* Summary of Responses for Part II 
 

 The respondents agreed that each subject provided an explanation of the core 
elements of the system and was worth investing their time in attending. In particular, 
the demonstration of the data collection and reporting systems drew the attendees’ 
attention. However, the need for more time to demonstrate and practice the online 
data collection and reporting systems was captured and more functions for the 
reporting system were mentioned.  
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  Attachment A 

 
 
 
 

Metrics Framework: Hierarchical Structure of Pharmaceutical Project Types 
 

Syringe

Delivery 
Device

Vial

Inhalents

Solid 
Dosage
Cream / 
Ointment

Pharmaceutical Laboratory

Research
Biological

Chemical

Quality Control / Quality Assurance

Vivarium

Process 
Development

Stability

Clinical

Pharmaceutical Secondary 
Manufacturing

Pilot Plant Secondary

Fill Finish

Parenteral

Non-
Parenteral

Pharmaceutical Warehouse

Pharmaceutical Bulk 
Manufacturing

Biological

Vaccines

Fermentation

Cell Culture

Pilot Plant

Chemical (small molecule)

 
 
 
 
 

Level 1 Level 2 Level 3 Level 4 
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  Attachment B 
 

Special Pharmaceutical Metrics Categories & Definitions 

Metrics Description
$TIC / $Process Equipment Cost1

$Hard Cost / $Process Equipment Cost1

$Process Const. Cost / $Process Equipment Cost1

$Facility Const. Cost / GSF

$TIC / GSF

$Soft Cost / $TIC

$Soft Cost / $Hard Cost

$Process Automation Cost / IO Point Count1

($Design + $Construction Mgmt.) / $TIC

$Facility Construction Cost / GCF

$TIC / GCF

($Qualification + $Validation Cost) / $TIC 

($Qualification + $Validation Cost ) / $Process Equipment Cost1 

($Qualification  + $Validation) / (# IQ + OQ Protocols)1

($Qualification + $Validation) / Validated Equipment Piece Count1

$TIC / Total Equipment Piece Count1

$Hard Cost / GSF

$Process Equipment Cost / Validated Equipment Piece Count1

$Process Installation Cost / Validated Equipment Piece Count1

$Soft Cost / Total Equipment Piece Count1

$Design & Construction Management Cost / Total Equipment Piece Count1

$TIC / LF Benchtop2

$TIC / Lab Population2 

$TIC / Total Building Population2

$Hard Cost / LF Benchtop2

$Hard Cost / LF Hoods2

$Hard Cost / (LF Benchtop + LF Hoods)2

$Hard Cost / Lab Population2

$Hard Cost / Total Building Population2

(IQ ~ OQ Duration) / (# IQ + OQ Protocols)1

(IQ ~ OQ Duration) / Validated Equipment Piece Count1

(Design ~ OQ Duration) / GSF   

(Design ~ OQ Duration) / GCF   

(Design ~ OQ Duration) / Total Equipment Piece Count1

(Process Space SF + Process Related Space SF) / GSF1

(Process Space SF + Process  Support SF) / GSF1

Mechanical SF / GSF

Shell Space SF / GSF

(Lab SF+ Lab Support SF) / Lab Population2

(LF Benchtop + LF Hoods) / Lab Population2

GSF / # Total Building Population2

Cost           
Metrics

Schedule       
Metrics

Dimension      
Metrics

  

1Metrics for Pharmaceutical Bulk or Secondary Manufacturing Projects Only 
2Metrics for Pharmaceutical Laboratory Projects Only 
Hard Cost = Facility Construction Cost + Process Construction Cost 
Soft Cost = Design & Construction Management Cost + Qualification & Validation Cost 
Process Construction Cost = Process Equipment Cost + Process Installation Cost + Process Automation Cost  
Process Related Space SF = Process & Building Circulation SF + Personnel SF + Materials Handling SF + Process Support SF 
IQ: Installation Qualification; OQ: Operational Qualification  
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Appendix G: Charts for Metric Distribution Validation 

 

 

   : Data point excluded due to reporting or definition problems. 

   : Data not shown per CII Confidentiality Policy  
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Metric: $Total Installed Cost / Gross Square Footage 
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Metric: $Commissioning and Qualification Cost / $Process Equipment Cost 
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Metric: $Hard Cost / Gross Square Footage 
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Metric: Design through Operational Duration / Gross Square Footage 
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Metric: Pharmaceutical Project Schedule Growth (Design through 
Operational Qualification)  

 

48
-p

hs
ch

gr

Pharma Lab (N = 3)Pharma Secondary Mfg (N = 9)Pharma Bulk Mfg (N = 11)

2.0

1.5

1.0

0.5

0.0

O7746

O7822

Pharma Project Schedule Growth (Design ~ OQ)

CCC

 
Before Validation 

 

 

48
-1

-p
hs

ch
gr

Pharma Lab (N = 3)Pharma Secondary Mfg (N = 8)Pharma Bulk Mfg (N = 11)

0.8

0.6

0.4

0.2

0.0

-0.2

-0.4

Pharma Project Schedule Growth (Design ~ OQ)

CCC

 
After Validation 



 

 247 

Metric: Pharmaceutical Delta Schedule Growth (Design through Operational 
Qualification)  
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Appendix H: Data Collection Instrument 
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Owner Pharmaceutical Large Questionnaire Version 7.7 
 

1. General Project Information Form 
Please note that a project is defined as one building plus an ISBL perimeter area of five 
feet. 
Your Company Name: _________________________________________________ 
Project ID: __________________________________________________________ 
Please provide the Name that you will use to refer to this Project: _______________ 
Project Location 
City: _______________________________________________________________  
State/Province (if North America):________________________________________ 
Country:_____________________________________________________________ 
Closest Cost Index City:________________________________________________ 
 
Provide the Local Currency and Currency Exchange Rate for the project.   All project 
costs should be recorded herein using this Local Currency.  The Currency Exchange 
Rate should be the mid-market rate in effect at the midpoint of construction. 
Local currency:______________   Currency Exchange Rate: USD 1.00 = _________  
 
Location and Time Normalization Factors:  

If you would like to see the pharma progress key report for this project prior to the 
submission to CII, please provide the following necessary information and indices. 
Your projects will be benchmarked against CII 2005 Database. 
This input is not required. If you would rather wait, CII will determine these indices 
for you once the project is submitted and the key report will be available then. This 
feature will be automated in the future.  

 
The report date for my H-M or RS Means index is: (mm/dd/yyyy) _____________ 
My project's Midpoint of Construction: (mm/dd/yyyy) _____________                
 
Indices for Location Adjustment 

My project is domestic (US, Canada, and Puerto Rico) so I will provide  
RS-Means City Cost indices  
My project is international so I will provide  
Hanscomb-Means City Cost indices.  
My project's Closest City Cost Index at the midpoint of construction:__________ 
My project's Chicago Cost Index at the midpoint of construction: _____________ 

 
Indices for Time Adjustment (Use RS-Means Historical indices) 

My project's Historical Index at the midpoint of construction: _____________ 
 

Contact Person: (Name of knowledgeable person) ___________________________ 
Contact's Phone: ______________________ 
Contact's Fax: ________________________ 
Contact's E-mail Address: ______________________________________________ 
Expected Project Completion Date: (mm/dd/yyyy)___________________________ 
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1.1. Project Description  
Pharmaceutical projects are categorized as Light Industrial projects in CII’s Database. Please 
choose a Project subtype which best describes the project from the categories below.  

 

Direct Derived 
Fermentation 

Attachment 
  Dependent Cell Culture 

Stirred Tank 

Biological 

Pilot Plant 
 Manufacturing 

Pharmaceutical Bulk  
Manufacturing 

Chemical 
 Pilot Plant 

Syringe 
Delivery Device 
Vial 

Parenteral 

Pilot Plant 
Inhalents 
Solid Dosage 
Cream / Ointment 

Fill Finish 

Non-
Parenteral 

Pilot Plant 
Packaging 

Pharmaceutical Secondary 
Manufacturing 

Pharmaceutical Warehouse 
Biological 

Research 
Chemical 

Quality Control / Quality Assurance 
Vivarium 

Pharmaceutical Laboratory 

Process Development 
 

1.2. Project Nature 

From the list below select the category that best describes the nature of this project. If 
your project is a combination of these natures, select the category that you would like 
your project to be benchmarked against. Please see the glossary for definitions. 

The Project Nature was:   Grass Roots 
 Modernization (in an operating facility? Yes__No___) 
 Addition (Include shell space built out in this category) 
 Other Project Nature (Please describe):  
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1.3. Project Characteristics 

a. Project Drivers  

Select the primary driver influencing the execution of this project. Assume safety is a 
given for all projects. 

The primary drivers were:  Cost 
 Schedule 
 Meeting Product Specifications 
 Production Capacity  
 Regulatory Requirements  
 Other (Please describe): 
 No Primary Driver  

b. Turnarounds/Shutdowns/Outages 

Construction performance (cost, schedule, and safety) during project turnarounds, 
shutdowns, and outages may be impacted by schedule demands of the turnaround. 
 

These turnarounds may be scheduled or unscheduled. Please complete the blocks 
below to indicate the percentage of construction work completed during turnaround. 
 

1. Percent construction during scheduled turnaround:         % 
2. Percent construction during unscheduled turnaround:   % 
3. Percent construction during non-turnaround:                  % 

      Note: the percentages should add up to 100 % 

c. Project Schedule Priority 

The schedule for this project is best characterized as: 

Normal_____       Fast__________        Critical________ 

d. Percent Modularization  

Choose a percentage value that best describes the level of modularization (offsite 
construction) used. This value should be determined as a ratio of the cost of all 
modules divided by total installed cost.  

 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%  

1.4. Typical Project  
Projects submitted for benchmarking should be representative of the projects that you 
execute, i.e., not be impacted by extraordinary factors that might influence performance or 
practice use metrics. If the project is not representative, it can still be submitted to be 
scored, however, please let us know by checking the appropriate box below.    
◘ Typical    ◘ Not Typical  
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1.5. Project Delivery System  

Please choose the project delivery system from those listed below that most closely 
characterizes the delivery system used for your project. If more than one delivery system 
was used, select the primary system.  

Delivery System Description 

Traditional Design-
Bid-Build 

Serial sequence of design and construction phases; Owner contracts 
separately with designer and constructor.  

Design-Build  
(or EPC) 

Overlapped sequence of design and construction phase; procurement 
normally begins during design; owner contracts with Design-Build (or 
EPC) contractor. 

CM @ Risk Overlapped sequence of design and construction phases; procurement 
normally begins during design; owner contracts separately with 
designer and CM. CM holds the contracts. 

Multiple Design-
Build 

Overlapped sequence of design and construction phases; procurement 
normally begins during design; owner contracts with two Design-
Build (or EPC) contractors, one for process and one for facilities. 

Parallel Primes Overlapped sequence of design and construction phases; Procurement 
normally begins during design. Owner contracts separately with 
designer and multiple prime constructors. 

 
Did you use a Construction Manager not @ Risk in conjunction with the selected 
delivery system?  
Yes_____________ No_____________ 
 
 

1.6. Project Complexity  

Choose a value that best describes the level of complexity for this project as compared to 
other projects from all the companies within the same industry sector. For example, if this 
is a heavy industrial project, how does it compare in complexity to other heavy industrial 
projects? Use the definitions below as general guidelines. 

• Low - Characterized by the use of no unproven technology, small number of process 
steps, small facility size or process capacity, previously used facility configuration or 
geometry, proven construction methods, etc. 

• High- Characterized by the use of unproven technology, an unusually large number 
of process steps, large facility size or process capacity, new facility configuration or 
geometry, new construction methods, etc. 

Low Average High 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
1 2 3 4 5 6 7 8 9 10  
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1.7. Project Scope 
 
Please describe your project scope. What is being built?  
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
 
Are there any extraordinary aspects or issues in this project? 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 
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1.8. Project Participation 
Please provide information about the functions performed by the companies, including 
your company, that were involved in the execution of this project. Do not include 
subcontractors.  

Indicate the function(s) each company performed and the approximate percent of that 
function. For each function, indicate the principle contract type in use at the completion 
of the work. Also, indicate if each participant was an alliance partner, if their contract 
contained incentives, how successful the working relationship was with the participant, 
and whether the company was a CII member.  

Project participant information will be collected over a series of several pages.  

Project Participants: Please identify the companies that performed the applicable 
functions below. If you prefer to keep the name of the participants anonymous, click the 
button on the form to pre-fill with a generic company name. Your own company will be 
identified as "My Company".  

Project Functions: Identify the Function(s) performed by each project participant. 

• Pre-Project Planning  
• Design  
• Procurement - Equipment  
• Procurement - Bulks  
• Construction Support 

• Demolition/Abatement 
• General/Prime Contracting 
• Project Management 
• Construction Management 
• Startup Support 

Principle Type of Contract for each company: Unit price refers to a price for in place 
units of work and does not refer to hourly charges for skill categories or time card mark-
ups. Hourly rate payment schedules should be categorized as cost reimbursable. The 
contract type for your own company's contribution will be recorded as In House.  

• Cost Reimbursable/Target Price 
• Guaranteed Maximum Price 
• Lump Sum 
• Unit Price 

Contract Incentives: Please indicate whether cost, schedule, safety, and quality 
incentives were used. Incentives may be positive (a financial incentive for attaining an 
objective), negative (a financial disincentive for failure to achieve an objective), or both. 
Indicate "none" if no incentives were used for a category. 
 
Alliance Partner: Was the participating company an Alliance Partner? An alliance 
partner is a company with whom your company has a long-term formal strategic 
agreement that ordinarily covers multiple projects.  
 
Working Relationship: Please indicate the success of the working relationship with each 
contractor using a 1-5 scale. (1 Not at all Successful - 5 Very Successful)  

CII Member: Was the company that provided this function a CII Member?   
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Project Participants Screen 1 – Identification of Participants 
 
Enter the percent of each function performed for each contractor.  Each column should 
add up to 100% if any work was performed for that function, or 0 if no work was 
performed. 
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Project Participants Screen 2 – Input Participant Data 
 

 
 

Project Participants Screen 3 – Final Printable Results Screen 
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1.9. Percentage Union / non-union Workforce 
Please indicate the percentage of Union Labor employed for the following disciplines. 
 

Discipline Percentage Union Work Force 

Concrete                     % 
◘ NA  ◘Unknown 

Structural Steel                     % 
◘ NA  ◘Unknown 

Electrical                     % 
◘ NA  ◘Unknown 

Piping                     % 
◘ NA  ◘Unknown 

Instrumentation                     % 
◘ NA  ◘Unknown 

Equipment                     % 
◘ NA  ◘Unknown 

Insulation                     % 
◘ NA  ◘Unknown 
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1.10. Pharmaceutical Projects Dimensions Data Tables  
Complete either the pharmaceutical manufacturing or the laboratories table below 
depending on your response to section 1.1. 
 

Pharmaceutical Manufacturing Dimensions Table 
Aseptic Process Space Classification Determined in Operation 

 
a. ISO Class 5  

◘ NA ◘Unknown 

 
b. ISO Class 6 

◘ NA ◘Unknown 

 
c. ISO Class 7 

◘ NA ◘Unknown 

 
d. ISO Class 8 

◘ NA ◘Unknown 

 
e. ISO Class 9 or Controlled Unclassified 

◘ NA ◘Unknown 

Non-Aseptic  Process Space Classification  
 

f. Controlled Unclassified  
◘ NA ◘Unknown 

 
g. General Process 

◘ NA ◘Unknown 

 
h. Process Space  Square Footage (a+b+c+d+e+f+g) 

◘ NA 

 
i. Process and Building Circulation Square Footage 

◘ NA ◘Unknown   

 
j. Materials Handling Square Footage 

◘ NA  ◘Unknown  

 
k. Process Support Square Footage (including Lab) 

◘ NA ◘Unknown   

 
l. Process Related Square Footage (i+j+k) 

◘ NA  

 
m. Personnel Square Footage 

◘ NA ◘Unknown   

 
n. Mechanical Square Footage  

◘ NA  

 
o. Shell Space Square Footage 

◘ NA  

p. Gross Square Footage of Facility (h+l+m+n+o)  

 
q. Gross Cubic Footage of Facility  

◘Unknown 
 



 

 260 

Laboratories Dimensions Table 
 r. Lab Square Footage  

◘ NA  

 
s. Lab Support Square Footage 

◘ NA  

 
t. Office  Square Footage 

◘ NA  

 
u. Circulation Square Footage  

◘ NA  

 
v. Mechanical Square Footage  

◘ NA  

 
w. Shell Space Square Footage 

◘ NA  

 
x. Other Use Space Square Footage 

◘ NA  

y. Gross Square Footage of Facility   
    (r+s+t+u+v+w+x)  

 
% Interaction Space Square Footage (0%-100%) 

◘ NA  
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Pharmaceutical Manufacturing Projects Characteristic Data 

 Building Management System I/O Point Count 
◘ NA  ◘Unknown 

 Validated Process & Utility I/O Point Count 
◘ NA  ◘Unknown 

 Total Validated Process & Utility I/O Point Count 
◘ NA  ◘Unknown 

 Validated Equipment Piece Count  
◘ NA  ◘Unknown 

 Total Equipment Piece Count 
◘ NA  ◘Unknown 

 Number of IQ protocols written in this project 
◘ NA  ◘Unknown 

 Number of OQ protocols written in this project 
◘ NA  ◘Unknown 

 Air Handler Cubic Feet per Minute (CFM) 
◘ NA  ◘Unknown 

 
Laboratories Characteristic Data 

 Building Management System I/O Point Count 
◘ NA  ◘Unknown 

 Bench Top Linear Footage 
◘ NA  ◘Unknown 

 Lab Population  
(Research + lab based head count) ◘ NA  ◘Unknown 

 Total Building Population 
◘ NA  ◘Unknown 

 Fume Hoods Linear Footage 
◘ NA  ◘Unknown 

 Fume Hoods Diversity (0%-100%) 
◘ NA  ◘Unknown 

 Air Handler Cubic Feet per Minute (CFM) 
◘ NA  ◘Unknown  
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2. Performance 

2.1. Pharmaceutical Project Costs  
Please input the project costs below using the currency indicated in Section 1 “Local 
Currency”. 
 

Category Actual Cost  

 
a. Facility Construction Cost  

◘ NA   
 

b. Building Management System Cost   
◘ NA  ◘Unknown 

 c. Process Equipment Cost 
◘ NA  ◘Unknown 

 d. Process Installation Cost 
◘ NA  ◘Unknown 

 e. Process Automation Cost 
◘ NA  ◘Unknown 

 f. Process Construction Cost 
   (c+d+e)  ◘ NA   

g. Total Hard Costs (a+f)  

 
h. Design and Construction Management Cost 

◘ NA   
 

i. Commissioning and Qualification Cost               
◘ NA   

j. Total Soft Costs (h+i)  

k. Total Installed Costs (g+j)   
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2.2. Budgeted and Actual Project Costs by Phase 
 

Please indicate the Budgeted (Baseline) and Actual Project Costs by phase. Project costs 
should be input below using the currency indicated in Section 1 “Local Currency”. 

1. Budget amounts should include contingency and correspond to the estimate at time 
of authorization (start of detail design).  This is the original baseline budget. 

2. Click on the project phase links below for phase definitions and typical cost 
elements.  

3. If this project did not involve a particular phase please select N/A. 
4. The total project budget amount should include all planned expenses from pre-

project planning through startup or to a "ready for use" condition, excluding the 
cost of land.  

5. The total actual project cost should include all actual project costs (excluding the 
cost of land) from pre-project planning through Operational Qualification, 
including amounts expended for in-house salaries, overhead, travel, etc.  

6. If you know total project costs but have incomplete phase information, you 
may enter as much phase information as you know and override the automatic 
totaling function by manually filling in the total project cost. As long as you don't 
click back into a phase field, your total will be accepted and recorded. 

 

Project Phase 
Baseline Budget 

(Including 
Contingency) 

Amount of 
Contingency  

in Budget 
Actual Phase Cost 

   
Pre-Project Planning ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘NA  ◘Unknown 

   
Detail Design ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘NA  ◘Unknown 

   
Procurement ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘NA  ◘Unknown 

   
Demolition/Abatement ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘NA  ◘Unknown 

   
Construction  ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘NA  ◘Unknown 

        Startup &  
Commissioning ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘NA  ◘Unknown 

   Installation  
Qualification (IQ) ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘NA  ◘Unknown 

   Operational  
Qualification (OQ) ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘NA  ◘Unknown 
Total Project    
If you track the cost of construction management, please provide it $                               . 
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2.3. Planned and Actual Project Schedule 
Please indicate your company's Planned Baseline and Actual Project Schedule by phase:  

1. The dates for the planned schedule should be those in effect at the start of project 
authorization. If you cannot provide an exact day for either the planned or actual, 
estimate to the nearest week.  

2. Click on the project phase links below for a description of starting and stopping 
points for each phase.  

3. If this project did not include a particular phase please select N/A. 
4. If you have incomplete phase information, you must enter overall project start 

and stop dates. Please enter as much phase information as possible.  

 
 
% Design Complete 

 
What percentage of the total engineering workhours for design were 
completed prior to total project budget authorization?  

 
           % ◘ Unknown

What percentage of the total engineering workhours for design were 
completed prior to start of the construction phase?  

 
          % ◘ Unknown

Baseline Schedule Actual Schedule 
Project Phase Start 

mm/dd/yyyy 
Stop 

mm/dd/yyyy 
Start 

mm/dd/yyyy 
Stop 

mm/dd/yyyy 
    Overall Project Start and 

Stop Dates ◘Unknown ◘Unknown ◘Unknown ◘Unknown 
    Pre-Project Planning 
◘ NA ◘Unknown ◘ NA ◘Unknown ◘NA  ◘Unknown ◘ NA  ◘Unknown 

    Detail Design 
◘ NA  ◘Unknown ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘ NA  ◘Unknown 

    Procurement 
◘ NA  ◘Unknown ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘ NA  ◘Unknown 

    Demolition/Abatement 
◘ NA  ◘Unknown ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘ NA  ◘Unknown 

    Construction  
◘ NA  ◘Unknown ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘ NA  ◘Unknown 

    Start up & 
Commissioning ◘ NA  ◘Unknown ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘ NA  ◘Unknown 

    Installation  
Qualification (IQ) ◘ NA  ◘Unknown ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘ NA  ◘Unknown 

    Operational  
Qualification (OQ) ◘ NA  ◘Unknown ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘ NA  ◘Unknown 

    Performance  
Qualification (PQ) ◘ NA  ◘Unknown ◘ NA  ◘Unknown ◘NA  ◘Unknown ◘ NA  ◘Unknown 
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2.4. Project Development Changes and Scope Changes 
Please record the approved changes to your project by phase in the table provided 
below. For each phase indicate the total number, the net cost impact, and the net 
schedule impact resulting from project approved development changes and scope 
changes. Either the owner or contractor may initiate changes.  Project change costs 
should be input using the currency indicated for the project in Section 1 “Local 
Currency”. 
 

Project Development Changes include those changes required to execute the original 
scope of work or obtain original process basis. 
Scope Changes include changes in the base scope of work or process basis.  

1. Changes should be included in the phase in which they were initiated. Click on 
the project phase links below for assistance in classifying the changes by project 
phase. If you cannot provide the requested change information by phase but 
can provide the information for the total project, please fill in the totals field 
manually, thereby overriding the totaling function. As long as you don’t click 
back into a phase field, your total will be accepted and recoded. 

2. Indicate negative values for cost or schedule if the net changes produced a 
reduction. If no change orders were granted during a phase, write "0" in the 
"Total Number" columns.   

 

Project Phase 

Total 
Number of 

Project 
Development 

Changes 

Total 
Number of 

Scope 
Changes 

Cost  
Increase (+) / 

Decrease (-) of 
Project 

Development 
Changes 

Cost  
Increase 

(+) / 
Decrease (-
) of Scope 
Changes 

Schedule 
Increase (+) / 
Decrease (-) 
of Project 

Development 
Changes  
(weeks) 

Schedule 
Increase (+) / 
Decrease (-) 

of Scope  
Changes  
(weeks) 

Design 
           
◘ Unknown 

       
◘ Unknown 

$       
◘ Unknown 

$       
◘Unknown

       
◘Unknown 

       
◘Unknown 

Procurement 
           
◘ Unknown 

       
◘ Unknown 

$       
◘ Unknown  

$       
◘Unknown

       
◘Unknown 

       
◘Unknown 

Demolition/ 
Abatement 

           
◘ Unknown 

       
◘ Unknown 

$       
◘ Unknown  

$       
◘Unknown

       
◘Unknown 

       
◘Unknown 

Construction  
           
◘ Unknown 

       
◘ Unknown 

$       
◘ Unknown  

$       
◘Unknown

       
◘Unknown 

       
◘Unknown 

Start up & 
Commissioning 

           
◘ Unknown 

       
◘ Unknown 

$       
◘ Unknown  

$       
◘Unknown

       
◘Unknown 

       
◘Unknown 

Installation 
Qualification (IQ) 

           
◘ Unknown 

       
◘ Unknown 

$       
◘ Unknown  

$       
◘Unknown

       
◘Unknown 

       
◘Unknown 

Operational 
Qualification (OQ) 

           
◘ Unknown 

       
◘ Unknown 

$       
◘ Unknown  

$       
◘Unknown

       
◘Unknown 

       
◘Unknown 

Totals          $       $              
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2.5. Field Rework 
 
Did you track field rework for this project?  
 
 ◘Yes     ◘No    ◘Unknown  
 

1. Please indicate the Direct Cost and Schedule Impact of Field Rework for each 
source shown below. The direct cost of field rework relates to all costs needed 
to perform the rework itself.  

2. If there was no direct cost of field rework for a category, please enter “0”. 
3. If you cannot provide the requested information by source, but can provide 

the total for the project, please click unknown in the source fields and enter the 
project total. This will override the totaling function. As long as you don’t click 
back into a phase field, your total will be accepted and recorded. 

. 

Source of Field Rework Direct Cost  
of Field Rework 

Schedule Impact of  
Field Rework  

(weeks) 

Design  
$       
◘Unknown 

      
◘Unknown 

Vendor  
$       
◘Unknown 

      
◘Unknown 

Owner  
$       
◘Unknown 

      
◘Unknown 

Contractor  
$       
◘Unknown 

      
◘Unknown 

Other 
$       
◘Unknown 

      
◘Unknown 

Total $             
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3. Practices 

3.1. Pre Project Planning  
Pre-Project Planning involves the process of developing sufficient strategic information 
that owners can address risk and decide to commit resources to maximize the chance for 
a successful project. Pre-project planning includes putting together the project team, 
selecting technology, selecting project site, developing project scope, and developing 
project alternatives. Pre-project planning is often perceived as synonymous with front-
end loading, front-end planning, feasibility analysis, and conceptual planning.  
Your Pre-Project Planning score is based on your response to the questions below (4 for 
owners or 6 for contractors) and to select questions from the PDRI (Project Definition 
Rating Index) which follows.  If you use the PDRI as part of your project planning 
process, please respond to the following questions and then complete the PDRI (either 
Industrial, Building, or both) which follow.  If you do not desire to use the full PDRI(s), 
you may obtain your Pre-Project Planning score by completing the questions below (4 for 
owners or 6 for contractors) and completing only the PDRI questions that are highlighted 
by italics.  You will obtain the same Pre-Project Planning score that you would have 
received if you completed the full PDRI.  Those completing the full PDRI(s) will also 
receive their score(s) on the 0 to 1000 scale used for PDRI assessments. 
 
Contractor Question Only 
 
Select the response below that best describes your company’s participation in the pre-
project planning effort. 
Did your company participate in the pre-project planning effort? 

◘ Yes, as the pre-project planner.  

◘ Yes, as a consultant.  

◘ No, my company did not participate in the preplanning effort. Please skip following 
Pre-Project Planning questions and continue with the next best       practice (Team 
Building).  

Contractor Question Only 
 
Did your company formally assess the quality of the pre-project planning effort?  
      
Yes ◘ No ◘  

 
Owner and Contractor Questions 
 
Select a number below that best describes the composition of the pre-project planning 
team using the scale and definitions provided. 
 

Poor Average Excellent 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
1 2 3 4 5 6 7 8 9 10 
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1. Excellent - Highly skilled and experienced members with authority; 
representation from business, project management, technical disciplines, and 
operations; able to respond to both business and project objectives.  

2. Poor - Members with a poor combination of skill or experience that lack 
authority; insufficient representation from business, project management, 
technical disciplines, and operations; unable to respond to both business and 
project objectives. 

Select a number below that best describes the technology evaluation performed for this 
project during Pre-Project Planning. 

Poor Average Excellent 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
1 2 3 4 5 6 7 8 9 10 

1. Excellent - Thorough and detailed identification and analysis of existing and 
emerging technologies for feasibility and compatibility with corporate business 
and operations objectives. Scale-up problems and hands-on process experience 
were considered.  

2. Poor - Poor or no technology evaluation. 

Select a number below that best describes the evaluation of alternate siting locations. 

Poor Average Excellent 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
1 2 3 4 5 6 7 8 9 10 

1. Excellent - Thorough and detailed assessment of relative strengths and 
weaknesses of alternate locations to meet owner requirements. 

2. Poor - Poor or no evaluation of alternate siting locations. 

Select a number below that best describes the risk analysis performed for project 
alternatives. 

Poor Average Excellent 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
1 2 3 4 5 6 7 8 9 10 

1. Excellent - Risks associated with the selected project alternatives were identified 
and analyzed. These analyses included financial/business, regulatory, project, and 
operational risk categories in order to minimize the impacts of risks on project 
success.  

      2.  Poor - Poor or no risk analysis performed for project alternatives. 
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A8. Project Objectives Statement 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

B. Owner Philosophies (1) Complete <---------->Poor (5) 
B1. Reliability Philosophy 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
B2. Maintenance Philosophy 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
B3. Operating Philosophy 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
B4. Design Philosophy 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
C. Project Requirements (1) Complete <---------->Poor (5) 

C1. Value-Analysis Process 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

C2. Project Design Criteria 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

C3. Evaluation of Existing Facilities 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

C4. Scope of Work Overview 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

C5. Project Schedule 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

C6. Project Cost Estimate 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

D. Site Information (1) Complete <---------->Poor (5) 
D1. Site Layout 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
D2. Site Surveys 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
D3. Civil/Geotechnical Information 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
D4. Governing Regulatory Requirements 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
D5. Environmental Assessment 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
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D6. Utility Sources with Supply Conditions 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

D7. Site Life Safety Considerations 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

D8. Special Water and Waste Treatment 
Requirements 

1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

E. Building Programming (1) Complete <---------->Poor (5) 
E1. Program Statement 1 2 3 4 5 NA UNK

◘ ◘ ◘ ◘ ◘ ◘ ◘  
E2. Building Summary Space List 1 2 3 4 5 NA UNK

◘ ◘ ◘ ◘ ◘ ◘ ◘  
E3. Overall Adjacency Diagrams 1 2 3 4 5 NA UNK

◘ ◘ ◘ ◘ ◘ ◘ ◘  
E4. Stacking Diagrams 1 2 3 4 5 NA UNK

◘ ◘ ◘ ◘ ◘ ◘ ◘  
E5. Growth and Phased Development 1 2 3 4 5 NA UNK

◘ ◘ ◘ ◘ ◘ ◘ ◘  
E6. Circulation and Open Space Requirements 1 2 3 4 5 NA UNK

◘ ◘ ◘ ◘ ◘ ◘ ◘  
E7. Functional Relationship Diagrams/Room by 
Room 

1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

E8. Loading/Unloading/Storage Facilities 
Requirements 

1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

E9. Transportation Requirements 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

E10. Building Finishes 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

E11. Room Data Sheets 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

E12. Furnishings, Equipment, and Built-Ins 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

E13. Window Treatment 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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F. Building/Project Design Parameters (1) Complete <---------->Poor (5) 

F1. Civil/Site Design 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

F2. Architectural Design 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

F3. Structural Design 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

F4. Mechanical Design  1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

F5. Electrical Design 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

F6. Building Life Safety Requirements 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

F7. Constructability Analysis 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

F8. Technological Sophistication 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

G. Equipment (1) Complete <---------->Poor (5) 
G1. Equipment List 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
G2. Equipment Location Drawings 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
G3. Equipment Utility Requirements/TD>  1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
H. Procurement Strategy (1) Complete <---------->Poor (5) 

H1. Identify Long-Lead/Critical Equip. and 
Materials 

1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

H2. Procurement Procedures and Plans 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

J. Deliverables (1) Complete <---------->Poor (5) 
J1. CADD/Model Requirements 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
J2. Documentation/Deliverables 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
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K. Project Control (1) Complete <---------->Poor (5) 

K1. Project Quality Assurance and Control 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

K2. Project Cost Control 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

K3. Project Schedule Control 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

K4. Risk Management 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

K5. Safety Procedures 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

L. Project Execution Plan (1) Complete <---------->Poor (5) 

L1. Project Organization 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

L2. Owner Approval Requirements 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

L3. Project Delivery Method 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

L4. Design/Construction Plan & Approach 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

L5. Substantial Completion Requirements 1 2 3 4 5 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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3.1.2. Full Industrial PDRI 
 
Was a Front End Loading Index used to determine the quality of Pre-Project Planning for 
this project? (Includes PDRI, FEL, or an in-house developed system.)  
Yes ◘ No ◘  

Was the Project Definition Rating Index (PDRI) utilized on this project?  
Yes ◘ No ◘  

Please complete the following matrix using the appropriate definition levels given 
below. Indicate how well defined each element was prior to the total project budget 
authorization by selecting the appropriate definition level. 

1. Complete definition  
2. Minor deficiencies  
3. Some deficiencies  
4. Major deficiencies  
5. Incomplete or poor definition  
6. Not Applicable  
7. Unknown  

Note: If this is an infrastructure project some of the following elements may not apply to 
your project. Please fill in "Not Applicable" to indicate if any element does not apply to 
your project. Italicized questions will be scored for your Pre-Project Planning Score 
 

Industrial PDRI Definition Level at Authorization 

A. Manufacturing Objectives Criteria    (1) Complete <---------->Poor (5) 

A1. Reliability Philosophy 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

A2. Maintenance Philosophy 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

A3. Operating Philosophy 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

B. Business Objectives (1) Complete <---------->Poor (5) 

B1. Products 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

B2. Market Strategy  1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

B3. Project Strategy 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

B4. Affordability/Feasibility 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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B5. Capacities 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

B6. Future Expansion Considerations 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

B7. Expected Project Life Cycle 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

B8. Social Issues 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

C. Basic Data Research & Development (1) Complete <---------->Poor (5) 

C1. Technology 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

C2. Processes 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

D. Project Scope (1) Complete <---------->Poor (5) 

D1. Project Objectives Statement  Yes No NA UNK 
◘ ◘ ◘ ◘  

D2. Project Design Criteria 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

D3. Site Characteristics Available vs. 
Required  

Yes No NA UNK 
◘ ◘ ◘ ◘  

D4. Dismantling and Demolition 
Requirements  

1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

D5. Lead/Discipline Scope of Work 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

D6. Project Schedule  Yes No NA UNK 
◘ ◘ ◘ ◘  

E. Value Engineering (1) Complete <---------->Poor (5) 

E1. Process Simplification  Yes No NA UNK 
◘ ◘ ◘ ◘  

E2. Design & Material Alternatives  Yes No NA UNK 
◘ ◘ ◘ ◘  

E3. Design for Constructability Analysis 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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F. Site Information (1) Complete <---------->Poor (5) 

F1. Site Location  Yes No NA UNK 
◘ ◘ ◘ ◘  

F2. Surveys & Soil Tests 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

F3. Environmental Assessment 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

F4. Permit Requirements 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

F5. Utility Sources with Supply Conditions 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

F6. Fire Protection & Safety Considerations 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

G. Process/Mechanical  (1) Complete <---------->Poor (5) 
G1. Process Flow Sheets 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
G2. Heat & Material Balances 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
G3. Piping & Instrumentation Diagrams 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
G4. Process Safety Management 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
G5. Utility Flow Diagrams 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
G6. Specifications 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
G7. Piping System Requirements 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
G8. Plot Plan 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
G9. Mechanical Equipment List 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
G10. Line List 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
G11. Tie-In List 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
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G12. Piping Specialty Items List 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

G13. Instrument Index 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

H. Equipment Scope (1) Complete <---------->Poor (5) 
H1. Equipment Status 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
H2. Equipment Location Drawings 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
H3. Equipment Utility Requirements 1 2 3 4 5 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
I. Civil, Structural, & Architectural (1) Complete <---------->Poor (5) 

I1. Civil/Structural Requirements 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

I2. Architectural Requirements 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

J. Infrastructure (1) Complete <---------->Poor (5) 

Water Treatment Requirements 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

J2. Loading/Unloading/Storage Facilities 
Requirements 

1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

J3. Transportation Requirements  Yes No NA UNK 
◘ ◘ ◘ ◘  

K. Instrument & Electrical (1) Complete <---------->Poor (5) 

K1. Control Philosophy 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

K2. Logic Diagrams  Yes No NA UNK 
◘ ◘ ◘ ◘  

K3. Electrical Area Classifications 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

K4. Substation Requirements Power 
Sources Identification 

1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

K5. Electric Single Line Diagrams 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

K6. Instrument & Electrical Specifications 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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L. Procurement Strategy (1) Complete <---------->Poor (5) 

L1. Identify Long Lead/Critical Equip. & 
Materials 

1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

L2. Procurement Procedures and Plans 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

L3. Procurement Responsibility Matrix  Yes No NA UNK 
◘ ◘ ◘ ◘  

M. Deliverables (1) Complete <---------->Poor (5) 

M1. CADD/Model Requirements 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

M2. Deliverables Defined 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

M3. Distribution Matrix  Yes No NA UNK 
◘ ◘ ◘ ◘  

N. Project Control (1) Complete <---------->Poor (5) 

N1. Project Control Requirements 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

N2. Project Accounting Requirements 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

N3. Risk Analysis  Yes No NA UNK 
◘ ◘ ◘ ◘  

P. Project Execution Plan (1) Complete <---------->Poor (5) 

P1. Owner Approval Requirements 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

P2. Engineering/Construction Plan & 
Approach 

1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

P3. Shut Down/Turn-Around Requirements Yes No NA UNK 
◘ ◘ ◘ ◘  

P4. Pre-Commissioned Turnover Sequence 
Requirements 

1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

P5. Startup Requirements 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

P6. Training Requirements 1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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3.2. Pharmaceutical Project Definition Index 
Please complete the following matrix using the appropriate definition levels given below. 
Indicate how well defined each element was prior to the total project budget 
authorization by selecting the appropriate definition level. 
 

1.     Complete definition                         2.      Minor deficiencies  
3.     Some deficiencies                            4.      Major deficiencies 
5.     Incomplete or poor definition  
NA  Not Applicable                                UNK Unknown  
 

Item  Definition Level at Authorization 

 (1) Complete <---------->Poor (5) 

A1. User Requirements   1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

A2. Design Qualification 
Planning  

1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

A3. Validation Master Plan  1 2 3 4 5 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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3.3. Team Building  
 
Team Building is a project-focused process that builds and develops shared goals, 
interdependence, trust and commitment, and accountability among team members and 
that seeks to improve team members problem-solving skills. 
Unless otherwise indicated, for each question select the single most appropriate response. 
 
1. To what extent was a formal team building process used for this project? 
 

Not at all  Moderately  Extensively   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
2. To what extent did upper management support the formal team building process (e.g. 

funding, training, etc.)? 
 

Not at all  Moderately  Extensively No formal team 
building used  

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
3. What was the level of involvement in the team building process of a facilitator who 

was external to this project? 
 

None  Moderate  Extensive   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

4. To what extent were objectives of the team building process documented and clearly 
defined? 

 
Very poorly 
or not at all  Moderately  Very well   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
5. To what extent were objectives of the team building process achieved? 
 

Not at all  Moderately  Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
 
6. To what extent were new team members integrated into team building activities? 
  

Not at all  Moderately  Extensively   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 
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7. For each project phase, please indicate the extent that your company was involved in 
the team building process using a scale from 0 to 4, with 0 indicating not at all and 4 
indicating extensively.  

 
        Not at all                                  Extensively 
• Pre-Project Planning 0 1 2 3 4 NA UNK 
 ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
• Design 0 1 2 3 4 NA UNK 
 ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
• Procurement 0 1 2 3 4 NA UNK 
 ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
• Construction 0 1 2 3 4 NA UNK 
 ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
• Startup 0 1 2 3 4 NA UNK 
 ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
8. Please indicate the parties involved in the team building process? (Check all that 

apply) 
 
◘ Owner ◘ Major Suppliers 
◘ Engineer(s) & Designer(s) ◘ Subcontractor(s) 
◘ Constructor(s) ◘ Construction Manager 
◘ Regulator(s) ◘ Other. If other, please specify: 
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3.4. Alignment during Pre-Project Planning 
 
Alignment is the condition where appropriate project participants are working within 
acceptable tolerances to develop and meet a uniformly defined and understood set of 
project objectives. 
 
For each question, select the single most appropriate response as it pertains to the pre-
project planning phase of the project. 
 
1. How appropriately were stakeholders (individuals and organizations who are involved 

in or may be affected by project activities) represented on the Project Team (e.g., 
operations, business management, construction, security, etc.)? 

 
Poorly  Moderately  Very well   

0 1 2 3 4 NA / UNK 
◘ ◘ ◘ ◘ ◘ ◘ 

 
 
2. How effective was project leadership in aligning team members to meet project 

objectives? 
 

Not at all  Moderately  Yes, very well   
0 1 2 3 4 NA / UNK 
◘ ◘ ◘ ◘ ◘ ◘ 

 
 
3. How well were project objectives defined and prioritized (cost, quality, security & 

schedule)? 
 

Poorly  Moderately  Very well   
0 1 2 3 4 NA / UNK 
◘ ◘ ◘ ◘ ◘ ◘ 

 
 
 
4. How effective was the communication within the team? 
 

Not at all  Moderately  Very   
0 1 2 3 4 NA / UNK 
◘ ◘ ◘ ◘ ◘ ◘ 

 
 
5. How effective was the communication with stakeholders? 
 

Not at all  Moderately  Very   
0 1 2 3 4 NA / UNK 
◘ ◘ ◘ ◘ ◘ ◘ 
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6. How effective were team meetings in achieving project objectives? 
 

Not at all  Moderately  Very 
productive   

0 1 2 3 4 NA / UNK 
◘ ◘ ◘ ◘ ◘ ◘ 

 
 
7. To what extent was a clear reward & recognition system implemented to meet 

identified project objectives? 
 

Not at all  Moderately  Very well   
0 1 2 3 4 NA / UNK 
◘ ◘ ◘ ◘ ◘ ◘ 

 
 
8. How effectively were planning tools (e.g., aide-memoirs, analysis techniques, 

checklists, simulations, software programs, and work flow diagrams used to plan, 
develop, control and manage projects) used to promote alignment?  

 
Not at all  Moderately  Very well   

0 1 2 3 4 NA / UNK 
◘ ◘ ◘ ◘ ◘ ◘ 
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3.5. Constructability  
 
Constructability is the effective and timely integration of construction knowledge into the 
conceptual planning, design, construction and field operations of a project to achieve the 
overall project objectives with the best possible time and accuracy, at the most cost-
effective levels. 
For each question select the single most appropriate response. 
 
1. To what extent was constructability implemented on this project? 
 

Not at all  Moderately  Extensively   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
2. To what extent was constructability an element addressed in this project’s formal 

written execution plan? 
 

Not at all  Moderately  Extensively   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
 3. Which of the following best describes how constructability principles were 

emphasized and communicated on this project? (Select only one) 
 
◘ No effort to emphasize and communicate 
◘ Minimum effort through informal means such as on-the-job training 
◘ Moderate effort as a component of ongoing management training (e.g. part of 
     project management conference) 
◘ Substantial effort through structured and dedicated formal constructability 
     training  
◘ Not Applicable 
◘ Unknown 

 
4. On what basis was a constructability coordinator assigned to this project? (Select only 

one) 
 
◘ No coordinator assigned 
◘ Assigned as a part-time responsibility 
◘ Assigned as a full-time responsibility 
◘ Not Applicable 
◘ Unknown 
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5. Which of the following best describes the constructability program documentation for 
this project? (Select only one) 

 
◘ None; no documentation existed. 
◘ Limited reference in any source (e.g. CII reference) 
◘ Project level constructability documents exist; may be included in other 
     corporate documents 
◘ Project constructability manual is available, but neither widely used nor 
     updated 
◘ Project constructability manual is available, widely used and 
     periodically updated 
◘ Not Applicable 
◘ Unknown 

 
6. Which of the following best describes the method(s) used to track lessons learned and 

saving/effects on this project due to the constructability program? (Select only one) 
 
◘ No tracking was used. 
◘ Ideas were conveyed via word of mouth and personal interaction; 
     limited tracking of saving/effects 
◘ Some individual documentation existed; selected tracking of  
     saving/ effects 
◘ System existed for capture and communication of lessons learned; 
     extensive tracking of saving/effects 
◘ Not Applicable 
◘ Unknown 

 
7. Please indicate the earliest time period of the first project meeting that deliberately and 

explicitly focused on constructability. Place a check below the earliest time period 
(Select only one). 

 

Pre-Project Planning Detail Design/ 
Procurement Construction 

Early Middle Late Early Middle Late Early Middle Late 
NA UNK

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
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3.6. Materials Management 
 

Materials management is an integrated process for planning and controlling all 
necessary efforts to make certain that the quality and quantity of materials and 
equipment are appropriately specified in a timely manner, are obtained at a reasonable 
cost, and are available when needed. The materials management systems combine and 
integrate the takeoff, vendor evaluation, purchasing, expediting, warehousing, 
distribution, and disposing of materials functions. 
Unless otherwise indicated, select the single most appropriate response for each 
question. 
 

1. To what extent did this project have a designated materials management organization that 
was integrated across project teams? 

 
Not at 

all 
   Fully   

0 1 2 3 4 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
2. How comprehensive was the written materials management plan for this project in 

addressing elements such as project goals, responsibility, cost & schedule, and 
transportation? 
 

Not at 
all 

   Very 
Comprehensive

  

0 1 2 3 4 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
3. How extensively was the written materials management plan utilized throughout the life 

of the project?  
 

Not at 
all 

   Very   

0 1 2 3 4 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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4. How adequate was the plan for addressing the effects of change orders on materials 
management? 

 
Not at all    Very   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
5. How extensively was an automated system (or integrated set of computer systems) used 

to identify, track, report, and facilitate control of project material throughout the life of 
the project? 

 
Not at all    Very   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
6. How effective was site materials management during the construction phase? 

 
Not at all    Very   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

7. How effective was the materials tracking and reporting system? 
 

Not at all    Very   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
8. How effective were purchasing plans & procedures over the life of the project? 
 

Not at all    Very   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

9. How effective were receipt and inspection procedures for critical materials and 
equipment? 

 
Not at all    Very   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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10. How adequate was the pre-qualification process for securing the appropriate suppliers of 
major equipment and materials? 

 
Not at all    Very   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
11. To what extent did the materials management plan utilize quality management practices? 
 

Not at all    Extensively   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
12. How well were QA/QC plans implemented with the suppliers of major equipment and 

materials? 
Not at all    Very   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

13. Were there other activities that critically impacted your materials management? 
 

No Yes NA UNK 
◘ ◘ ◘ ◘  

If yes, please list the activities and indicate whether the impact was positive or negative. 
 
__________________________________

Negative Positive
◘ ◘  
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3.7. Project Change Management  
 
Change Management is the process of incorporating a balanced change culture of 
recognition, planning and evaluation of project changes in an organization to effectively 
manage project changes. 
Unless otherwise indicated, select the single most appropriate response for each question. 
 

1.  To what extent was a formal documented change management process used to 
actively manage changes on this project? Please answer for each phase.  

       Not at all     Moderately        Extensively 
• Detailed 
Design 

0 1 2 3 4 NA UNK 

 ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
 

• Construction 0 1 2 3 4 NA UNK 
 ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
• Startup 0 1 2 3 4 NA UNK 

 ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

               

2. How often were major changes (i.e., those that exceed a project threshold) required to 
go through a formal change justification procedure? 

 
Not at all  Sometimes  Always   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

   

3. Was authorization for change required before implementation?  

 
No  Sometimes  Always   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 

4. How timely was communication of change information to the proper disciplines and 
project participants?    

 
Not at all  Moderately  Very   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 
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5. How well did the project contract identify the primary components and procedures of 
the project change management system?         

 
Not at all  Moderately  Very well   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 

6. To what extent were areas susceptible to change identified and evaluated for risk 
during review of the project design basis?           

 
Not at all  Moderately  Fully   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

  

7. To what extent were changes on this project evaluated against the business drivers and 
success criteria for the project? 

 
Not at all  Moderately  Fully   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 

8. At what point were the criteria for change approval established and communicated to 
all project participants? Place a check below the earliest time period (Select only one). 

Pre-Project Planning Detail Design/ 
Procurement Construction 

Early Middle Late Early Middle Late Early Middle Late 
NA UNK

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
   

9. How often were changes managed against a baseline established at authorization or 
contract award?   

 

Not at all  Sometimes  Always   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 
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10. At project close-out, how extensive was the evaluation of changes and their impact 
on the project cost and schedule performance for future use as lessons learned? 

                            
Not at all  Moderately  Very   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
11. Did project personnel settle, authorize, and execute change orders on this project in a 

timely manner? 

 

Not at all   Sometimes Always   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
12. To what extent does the formal change management process establish plans for 

mitigating cost and schedule impacts? 

  

Not at all   Partially Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 
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3.8. Zero Accident Techniques  
 
Zero accident techniques include the site specific safety programs and implementation, 
auditing and incentive efforts to create a project environment and a level of training that 
embraces the mind set that all accidents are preventable and that zero accidents is an 
obtainable goal. 
For each question, select the single most appropriate response. 
 
1. To what extent has an overall project safety plan been implemented? 
 

Not at all  Moderately  Extensively   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
2. To what extent was safety a priority topic at pre-construction and construction 

meetings? 
 

Not at all  Moderately  Extensively   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
3. To what extent was pre-task planning for safety conducted by contractor foremen or 

other site managers? 
 

Not at all  Moderately  Extensively   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
4. How often were safety toolbox meetings held? 
 

None Monthly Bi-weekly Weekly Daily NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
5. How often were safety audits performed by corporate safety personnel?  
 

Annually or 
Less frequently Quarterly Monthly Biweekly Weekly NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘ 
 
6. Which of the following best describes the time commitment of the site safety 

supervisor for this project? 
 

No site safety 
supervisor 

Part-time 
function 

Full-time 
function NA UNK 

◘ ◘ ◘ ◘ ◘ 
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7. Overall how many workers per safety person were typically on site? 
 

Over 200 151 to 200 71 to 150 21 to 70 1 to 20 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
8. What type of job-specific safety orientation was conducted for new contractor and 

subcontractor employees? 
   

None Informal Formal NA UNK 
◘ ◘ ◘ ◘ ◘ 

 
9. On average how much ongoing formal safety training did workers receive each month? 
 

None Less than 
1 hr 

1 hr but 
less than  

4 hrs 

4 hr but 
less than 

7 hrs 
Over 7 hrs NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘ 
 
10. To what extent were safety incentives used? 
 

Not at all  Moderately  Extensively   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
11. To what extent was safety performance utilized as criterion for contractor 

/subcontractor selection? 
 

Not at all  Moderately  Extensively   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
12. How often were accidents formally investigated? 
 

Not at all  Sometimes  Always   

0 1 2 3 4 No accidents 
occurred UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘ 
 
13. How often were near-misses formally investigated? 
 

Not at all  Sometimes  Always   

0 1 2 3 4 None 
occurred UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘ 
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14. How extensively was senior company management typically involved in the 
investigation of accidents? 

 
Not at all  Moderately  Extensively   

0 1 2 3 4 No accidents 
occurred UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘ 
 
15. Were pre-employment substance abuse tests for contractor employees conducted? 
 

Never Sometimes Usually Always NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ 

 
16. Were contractor employees randomly screened for alcohol and drugs?  
 

Not at all Once a 
year or less  

Twice a 
year or 
more 

Quarterly or 
more 

Monthly or 
more NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘ 
 
17. Were substance abuse tests conducted after accidents? 
 

Never Sometimes Usually Always No accidents occurred UNK 
◘ ◘ ◘ ◘ ◘ ◘ 

 
18. Were reasonable cause substance abuse tests for contractor employees conducted? 
 

Never Sometimes Usually Always NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ 

 
Reasonable cause test: An employee who is reasonably suspected of using alcohol or 
illegal drugs in the workplace or performing official duties while under the influence of 
alcohol or illegal drugs will be required to undergo an alcohol and drug test. 
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3.9. Quality Management 
Quality Management incorporates all activities conducted to improve the efficiency, 
contract compliance and cost effectiveness of design, engineering, procurement, QA/QC, 
construction, and start-up elements of construction projects. 
Unless otherwise indicated, select the single most appropriate response for each question. 
 
1. To what extent did your company implement a formal corporate Quality Management 

System (QMS)? 
     Not at all                                                            Fully Implemented 

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
2. (Owner Only) Rate the degree to which the engineering/construction QMS was considered 

in the selection process. 
  Not at all                            Moderate                           Extensive 

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
3. To what extent were specific quality management goals & objectives included in the prime 

contract? 
   Not at all                                                                     Entirely  

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
4. How extensively were quality management goals and objectives used to determine project 

reimbursement (e.g. Incentives)? 
   Not at all                          Moderately                       Extensively 

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
5. Is the Quality Management System a budgeted item? 

No Yes NA UNK 
◘ ◘ ◘ ◘  

 
6. To what degree was a formal project Quality Management System used on this project? 
    Not at all                                                                  Extensively 

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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7. Please indicate the earliest time period of the project that quality management planning 
was initiated. Place a check below the earliest time period.  

     Pre-Project 
Planning 

Detail Design/ 
Procurement Construction 

Early Middle Late Early Middle Late Early Middle Late 
NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘  
 

8. How well was the Quality Management System communicated to key project personnel?  
  Not at all                                                                     Very well 

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
9. To what extent was the Quality Management System implemented by key project 

personnel? 
     Not at all                                                                   Very well 

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
10. To what extent were the following elements or resources used to implement the 

Quality Management system on this project? 
 
 Not Used                Extensively Used  
• External quality services 0 1 2 3 4 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
• Internal quality manager 0 1 2 3 4 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
• Discipline-specific quality program 0 1 2 3 4 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
• Owner’s procedures 0 1 2 3 4 NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘  
 

11. Does the QA/QC manager for this project have external certification? 
No Yes NA UNK 
◘ ◘ ◘ ◘  

 
12. To what extent were corrective actions implemented for root cause quality defects? 
      Not at all                           Partially                            Fully 

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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13. Which of the following quality management techniques were used on this project by your 
company? Check all that apply: 

 
◘Installation Qualification (IQ) Protocols  
◘Operational Qualification (OQ) Protocols  
◘Design Qualifications 
◘Statistical Methods 
◘Audits 
◘Quality cost tracking 
◘Quality circles/quality improvement teams 
◘Quality goals 
◘Partnering 
◘Quality assurance & quality control requirements 
◘Post project review 
◘Rejection rate analysis 
◘Reference documented quality policies and procedures (Quality manual, etc.) 
◘Lessons learned systems 
 

14. What are the primary sources of quality problems on this project?  
      Check all that apply: 
◘Installation Qualification (IQ) Protocols  
◘Operational Qualification (OQ) Protocols  
◘Design Qualifications documentation 
◘Design Engineering 
◘Contractual 
◘Procurement/Materials Management 
◘Specifications 
◘Sub-Contracted scope of services 
◘Craft Labor 
◘Civil/Concrete 
◘Mechanical/Equipment 
◘Electrical/Instrumentation 
◘Piping 
◘Fit-up or Welding 
◘Start-up/Turnover of System 
◘Other(s) 
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3.10. Automation/Integration (AI) Technology  
 
This section addresses the degree of automation/level of use and integration of 
automated systems for specific tasks/work functions common to most projects.  Using 
the first matrix, please assess the degree of automation and level of use only.  Using the 
second matrix, please assess the level of integration of these automated systems among 
the tasks/work functions. 
 
Referring to the use levels below, indicate how well for this project, the tasks/work 
functions were automated. Select the single most appropriate use level for the task/work 
functions listed. 
 
USE LEVELS 

• Level 1(None/Minimal): Little or no utilization beyond e-mail. 
• Level 2 (Some): “Office” equivalent software, 2D CAD for detailed design. 
• Level 3 (Moderate): Standalone electronic/automated engineering discipline (3D 

CAD) and project services systems. 
• Level 4 (Nearly Full): Some automated input/output from multiple databases 

with automated engineering discipline design and project services systems.  
• Level 5 (Full): Fully or nearly fully automated systems dominate execution of all 

work functions.  
 

Automation of Task/Work Functions 

                                                                 Use Level 
Task/Work Functions 1 2 3 4 5 NA UNK 

Business planning and analysis ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Conceptual definition & design ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Project (discipline) definition & facility design ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Supply management ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Project management  

   Coordination system ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

   Communications system ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

   Cost system ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

   Schedule system ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

   Quality system ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Off-site/pre-construction ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Construction ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
As-built documentation ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Facility start-up & life cycle support ◘ ◘ ◘ ◘ ◘ ◘ ◘  
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Referring to the use levels below, indicate how well for this project, the tasks/work 
functions were integrated across all other work functions. Select the single most 
appropriate integration level for the task/work functions listed. 
 
USE LEVELS 

• Level 1(None/Minimal): Little or no integration of electronic 
systems/applications. 

• Level 2 (Some): Manual transfer of information via hardcopy of email. 
• Level 3 (Moderate): Manual and some electronic transfer between automated 

systems. 
• Level 4 (Nearly Full): Most systems are integrated with significant human 

intervention for tracking inputs/outputs. 
• Level 5 (Full): All information is stored on a network system accessible to all 

automation systems and users.  All routine communications are automated. The 
automated process and discipline design systems are fully integrated into 3D 
design, supply management, and project services systems (cost, schedule, quality, 
and safety). 

Integration of Task/Work Functions 

                                                   Integration Level 
Task/Work Functions 1 2 3 4 5 NA UNK 

Business planning & analysis ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Conceptual definition & design ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Project (discipline) definition & facility design ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Supply management ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Project management  

   Coordination system ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

   Communications system ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

   Cost system ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

   Schedule system ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

   Quality system ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Off-site/pre construction ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Construction ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
As-built documentation ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
Facility start-up & life cycle support ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
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3.11. Planning and Execution of Qualification and Validation 
 
Validation is a documented program that provides a high degree of assurance that a specific process, method, 
or system will consistently produce a result meeting pre-determined acceptance criteria.   
Qualification is the action of providing that equipment or ancillary systems are properly installed, work 
correctly, and actually lead to the expected results. Qualification is part of validation, but the individual 
qualification steps alone do not constitute process validation. Please select the single most appropriate 
response to each question below. 
 
1. Documentation 

a. Were responsibilities for document management clearly defined and well communicated? 
 

Not at all    Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 

b. To what extent were the qualification documentation requirements incorporated into the 
procurement process? 

 
Not at all    Fully   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
2. Commissioning 

a. To what extent were commissioning plans developed for validated systems during Pre-
Project Planning (PPP)? 

 
Not at all    Fully   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 

b. How effective was commissioning of validated systems? 
 

Not at all    Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
3. Validation Master Plan 

a. How well was the validation master plan communicated? 
 

Not at all    Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 

b. Indicate the earliest time period when corporate quality signed-off on validation master 
plan. 

 
DEFINITION DETAILED 

DESIGN 
PROCUREMENT CONSTRUCTION VALIDATION/ 

QUALIFICATION 
NA UNK

◘ ◘ ◘ ◘ ◘ ◘ ◘ 
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c.   How clearly were qualification team roles and responsibilities communicated? 
 

Not at all    Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
4.   Schedule 

a. To what extent was the qualification schedule logic based on process systems 
and sub-systems? 

 
Not at all    Fully   

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
b. To what extent was the qualification schedule logic aligned with the 

Engineering, Procurement and Construction (EPC) schedule? 
 

Not at all    Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
c. Indicate the earliest time period when the qualification schedule logic was 

aligned with Engineering, Procurement, and Construction (EPC) schedule logic. 
 

DEFINITION DETAILED 
DESIGN 

PROCUREMENT CONSTRUCTION VALIDATION/ 
QUALIFICATION 

NA UNK

◘ ◘ ◘ ◘ ◘ ◘ ◘ 
 

d. Indicate the earliest time period when validated system and subsystem 
boundaries were defined. 

 
DEFINITION DETAILED 

DESIGN 
PROCUREMENT CONSTRUCTION VALIDATION/ 

QUALIFICATION 
NA UNK

◘ ◘ ◘ ◘ ◘ ◘ ◘ 
 

e. Indicate the earliest time period of the first project meeting that deliberately and 
explicitly focused on planning for qualification. 

 
DEFINITION DETAILED 

DESIGN 
PROCUREMENT CONSTRUCTION VALIDATION/ 

QUALIFICATION 
NA UNK

◘ ◘ ◘ ◘ ◘ ◘ ◘ 
 

5.   Design Qualification 
 

f. Were user requirement specifications approved in time to avoid changes and 
impacts to the Design and Procurement schedule? Yes____ No____ 

 
g. Were design qualifications approved in time to avoid changes and impacts to 

the Procurement and Construction schedule? Yes_____ No_____ 
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6.   Regulatory Change Control 
a. Indicate the earliest time period when regulatory change control was 

implemented. 
 

DEFINITION DETAILED 
DESIGN 

PROCUREMENT CONSTRUCTION VALIDATION/ 
QUALIFICATION 

NA UNK

◘ ◘ ◘ ◘ ◘ ◘ ◘ 
 
7.   Installation Qualification (IQ) 

b. How effectively were IQ plans implemented? 
 

Not at all    Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
c. Was IQ completed on schedule? Yes___ No___ 

 
8.   Operational Qualification (OQ) 

d. How effectively were OQ plans implemented? 
 

Not at all    Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
e. Was OQ completed on schedule? Yes_____No_____ 

 
9.   Performance Qualification (PQ)  

f. To what extent was training provided for operators prior to PQ? 
 

Not at all    Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
g. Indicate the earliest time period when the PQ team began planning for PQ. 
 

DEFINITION DETAILED 
DESIGN 

PROCUREMENT CONSTRUCTION VALIDATION/ 
QUALIFICATION 

NA UNK

◘ ◘ ◘ ◘ ◘ ◘  ◘ 
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3.12. Planning for Startup 
Startup is the transitional phase between plant construction completion and commercial 
operations, including all of the activities that bridge these two phases. Planning for Startup 
consists of a sequence of activities that begins during requirements definition and extends 
through initial operations. This section assesses the level of Startup Planning by evaluating 
the degree of implementation of specific activities throughout the various phases of a 
project.  
Please select the single most appropriate response to each question below. 
 
1. How well were startup objectives communicated? 
 

Not at all    Very well   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
2. To what extent was a formal startup execution plan implemented? 
 

Not at all           Very extensive  
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
3. To what extent were commissioning plans developed during planning for startup? 
 

None were 
developed 

   Developed for 
All systems 

  

0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
 

4. How clearly were startup team key roles & responsibilities communicated?  
 

Not at all    Very   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
 
5. To what extent was the startup schedule logic based on systems and sub-systems? 
 
 

Not at all    Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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6. To what extent was the startup schedule logic aligned with the EPC schedule? 
 

Not at all    Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
7. To what extent were startup needs incorporated in procurement requirements? 
 

Not at all    Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
8. To what extent were suppliers for startup services pre-qualified? 
 

Not at all    Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
9. Please indicate the earliest time period of the first project meeting that deliberately and 

explicitly focused on planning for startup. Place a check below the earliest time period 
(Select only one). 

 

Pre-Project Planning Detail Design/ 
Procurement Construction 

Early Middle Late Early Middle Late Early Middle Late 
NA UNK 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘  
 
 
10. How often were the startup risks assessed? 
 

Not at all  Sometimes  Continuously   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
 
11. To what extent was formal operator/maintenance training conducted? 
 

Not at all    Extensively   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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12. How extensive was the system turnover plan? 
 

Not at all    Very   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  

 
13. To what extent were startup and Process Safety Management (PSM) procedures 

communicated? 
 

Not at all    Fully   
0 1 2 3 4 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘  
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4. Engineering Productivity Metrics 
 

General Instructions 
 
CII currently has two approaches to measuring engineering productivity. Direct measures
developed by the CII Benchmarking & Metrics Committee are captured in the sections
below as work-hours and quantities to produce ratios of inputs to outputs. Indices 
developed by Project Team 192 use selected quantities and reported discipline work-
hours to establish discipline level metrics from predictive equations.  Both systems are in
validation and benchmarking participants are encouraged to submit data where possible 
to produce metrics using both approaches until sufficient data are available to assess a
preferred method.  
 
Please enter data at the most detailed level possible to produce the most meaningful
metrics. If you cannot input data for the breakouts, please enter totals where possible.  To
keep the system as simple as possible and to minimize user burden, a toggle switch is 
provided at the end of most sections to enable input for production of the PT 192 indices.
The PT 192 additional questions are additive; therefore to produce the PT 192 indices,
you must also enter as a minimum the category totals for each section. All metrics are in
the validation stage; therefore the user should apply caution when interpreting results 
produced.  The PT 192 indices should be interpreted for groups of projects only, not
individual projects. For more discussion on the use of these indices, please see IR- 192-2.  
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Instructions for Computation of Work-Hours and Rework-Hours 

Work-hours are computed by the summation of all the account hours that are listed as 
Direct in the following table. All the account hours listed as Indirect are to be excluded
from the work-hours that are submitted in the productivity data for the following sections. 
 
Direct work-hours should include all detailed design hours used to produce 
deliverables including site investigations, meetings, planning, constructability, RFIs, 
etc., and rework. Specifically exclude work-hours for operating manuals and demolition 
drawings.  Engineering work-hours reported should only be for the categories requested 
and may not equal the total engineering work-hours for the project.  
 
Exclude the following categories: architectural design, plumbing, process design, 
civil/site prep, HVAC, insulation and paint, sprinkler/deluge systems, etc.  Within a 
category, direct work-hours that cannot be specifically assigned into the provided 
classifications, and have not been excluded, should be prorated based on known work-
hours or quantities as appropriate. Please review this table completely before providing 
data in the following sections. 
 

  Direct Indirect 

  Discipline Engineer   Document Control 

  Designer   Reproduction Graphics 

  Technician   Project Management 

     Project Controls (cost/schedule/estimating) 

    Project Engineer 

   Secretary/clerk 

   Procurement (supply management) 

   Construction Support  
  (test package support, commissioning, etc.) 

   Quality Assurance 

    Accounting 

A
cc

ou
nt

 

    Legal 
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4.1. Concrete 

Instructions 
Please complete the following tables indicating quantity and engineering work-hours for 
the categories appropriate to your project. If you cannot enter all data then enter totals 
only. Include rework in the work-hours only. If the project had no workhours or 
quantities for a category, enter none. 
 
The quantity of concrete is that concrete that is required for the specified slab, 
foundation, or structure provided in the final Issued for Construction (IFC) drawings. 
 
Refer to the section “Instructions for Computation of Work-Hours and Rework-Hours” 
for a detailed listing of direct hours to be included and indirect hours that are to be 
excluded from the computation of the work-hours.   
 
Which design platform was used for this category in this project?  Check all that apply. 

2D  (    ) 
3D  (    ) 

 
 

Slabs None IFC Quantity 
(cubic yards) 

Engineering Work-Hours 
(including rework) 

(hours) 
   Ground & Supported Slabs    
   Area Paving     

Total Slabs  
 

  

Foundations None IFC Quantity 
Engineering Work-Hours 

(including rework) 
(hours) 

   Piling (each)    
   Foundations (< 5CY)  
   (cubic yards) 

   

   Foundations (>= 5CY)  
   (cubic yards) 

   

Total Foundations (CY) 
(Excluding piling) 

   

 

Concrete Structures None IFC Quantity 
(cubic yards) 

Engineering Work-Hours 
(including rework) 

(hours) 

Concrete Structures  
   

Concrete Structures include concrete structures, columns, beams, cooling tower basins, 
trenches, formed elevated slabs/structures, and retaining walls. 
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Total Concrete None IFC Quantity 
(cubic yards) 

Engineering Work-Hours 
(including rework) 

(hours) 

Total Concrete 
 

   

 
 
Rework-Hours 
Please provide rework hours, if available. If you can not provide source breakout, then 
enter total only. 
 

Source of Rework-Hours 
for Concrete 

Rework-Hours 
(hours) 

Design  
Vendor  
Owner  

       Other: _______________  
Total  

 
PT 192 Metrics (Concrete): 
Please enter total quantity of concrete(CY) excluding deep foundations: _____________ 

 

PT 192 Metrics (Civil):  

Please enter the following data: 
 

- Civil Structural total work-hours: ___________________    
- Total building area(SF):___________________________ 
- Number of piers and caissons (Each): ________________ 
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4.2. Structural Steel 

Instructions 
Please complete the following tables indicating quantity and engineering work-hours for 
the categories appropriate to your project. If possible, separate data for structural steel, 
pipe racks & utility bridges and miscellaneous steel. If you can not separate structural 
steel from pipe racks & utility bridges, combine these data in the space provided below.  
If you cannot enter all data then enter totals only. Include rework in the work-hours only.  
If the project had no workhours or quantities for a category, enter none. 
 
The quantity of steel is that quantity of steel provided in the final Issued for Construction 
(IFC) drawings. 
 
Refer to the section “Instructions for Computation of Work-Hours and Rework-Hours” 
for an additional detailed listing of direct hours to be included and indirect hours that are 
to be excluded from the computation of the work-hours. 
 
Which design platform was used for this category in this project?  Check all that apply. 

2D  (    ) 
3D  (    ) 

 

Structural Steel None IFC Quantity 
(tons) 

Engineering Work-Hours 
(including rework) 

(hours) 
Structural Steel     
This includes trusses, columns, girders, beams, struts, girts, purlins, vertical and horizontal 
bracing, bolts, and nuts. 
Pipe Racks & Utility    
Bridges    

This includes steel structures outside the physical boundaries of a major structure, which are 
used to support pipe, conduit, and/or cable tray.   

Combined 
Structural Steel / Pipe 
Racks & Utility    
Bridges* 

   

* Enter combined structural steel and pipe racks & utility bridges if you cannot separate the 
quantities above. 

Miscellaneous Steel    

This includes handrails, toeplate, grating, checker plate, stairs, ladders, cages, miscellaneous 
platforms, pre-mounted ladders and platforms, miscellaneous support steel including scab on 
supports, “T” and “H” type supports, trench covers, and Q decking. 

Total Steel 
   

This is the total of structural steel, pipe racks & utility bridges, and miscellaneous steel from 
above or the total of combined structural steel, pipe racks & utility bridges (if not separated) 
and miscellaneous steel.  If you have quantities for steel not included in the breakouts above, 
include them in the totals here.  
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Rework-Hours 
Please provide rework hours, if available. If you can not provide source breakout, then 
enter total only. 
 
 

Source of Rework-Hours 
for Steel 

Rework- Hours 
(hours) 

Design  
Vendor  
Owner  

Other: _______________  
Total  
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4.3. Electrical 

Instructions 
Please complete the following tables indicating quantity and engineering work-hours for 
the categories appropriate to your project. If you cannot enter all data then enter totals 
only. Include rework in the work-hours only. If the project had no workhours or 
quantities for a category, enter none. 
 

• Total Direct Engineering Electrical Work-Hours for This Project _________  
• Total Connected Horsepower of Motors _________ 
• Number of Motors _________ 
• Total KVA Load of Project _________ 

 
The quantity of electrical equipment, conduit, cable trays, wire, termination, and lighting 
fixtures are the quantity of each provided in the final Issued for Construction (IFC) 
drawings.   
 
Refer to the section “Instructions for Computation of Work-Hours and Rework-Hours” 
for an additional detailed listing of direct hours to be included and indirect hours that are 
to be excluded from the computation of the work-hours.  
 
Which design platform was used for this category in this project?  Check all that apply. 

2D  (    ) 
3D  (    ) 

 

Electrical Equipment None
IFC 

Quantity
(each) 

Engineering Work-Hours 
(including rework) 

(hours) 
Electrical Equipment 600V & Below    

Electrical Equipment Over 600V    
Electrical equipment includes transformers, switchgear, UPS systems, MCCs, rectifiers, 
motors, generators, etc.  This also includes work-hours for single line, elementary diagrams 
and studies.                                                            
Total Electrical Equipment    

 

Conduit None IFC 
Quantity 

Engineering Work-Hours 
(including rework) 

(hours) 

Linear Feet  
 

Conduit 
Number of Runs   

 

This includes power plan, cable and conduit schedule and interconnects. Exposed / 
aboveground and underground 
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Cable Tray None IFC Quantity 
(linear feet) 

Engineering Work-Hours 
(including rework) 

(hours) 
Cable Tray    
This includes electrical and instrument cable trays, channels, supports, covers, etc.  

 

Wire & Cable None IFC 
Quantity 

Engineering Work-Hours 
(including rework) 

(hours) 
Linear Feet   

Wire & Cable  
(w/o conduit or tray) Number of 

Terminations   
 

This includes power, control and grounding cables.  

 

Other Electrical Metric None IFC Quantity 
(each-Fixtures) 

Engineering Work-Hours 
(including rework) 

(hours) 
Lighting    

This includes fixtures, conduit, wiring, panels, and control devices.  Quantity to be number of 
fixtures. 

 
Rework-Hours 
Please provide rework hours, if available. If you can not provide source breakout, then 
enter total only. 
 

Source of Rework-Hours 
for Electrical 

Rework-Hours 
(hours) 

Design  
Vendor  
Owner  

Other: _______________  
Total  

PT 192 Metrics (Electrical):  

Please enter the Number of Generators (EA): ______________ 
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4.4. Piping 

Instructions 
Please complete the following tables indicating quantity, percent hot and cold, and 
engineering work-hours for the categories appropriate to your project. Piping includes 
under ground pressure pipe. Exclude tubing. If you cannot enter all data then enter totals 
only. Include rework in the work-hours only. If the project had no workhours or 
quantities for a category, enter none. 
 
The quantity of piping is that piping specified in the final Issued for Construction (IFC) 
drawings. This quantity should not be “cut lengths” but should be measured “center-to-
center” through valves and fittings as with the quantity for the construction metric. Most 
“CADD dumps” are cut lengths. The quantity should be adjusted to be the length 
measured as noted above. 
 
Refer to the section “Instructions for Computation of Work-Hours and Rework-Hours” 
for an additional detailed listing of direct hours to be included and indirect hours that are 
to be excluded from the computation of the work-hours.   
 
Which design platform was used for this category in this project?  Check all that apply. 

2D  (    ) 
3D  (    ) 

Piping None 
IFC 

Quantity
 

Percent 
Hot and 

Cold (%) 

Engineering Work-Hours 
(including rework) 

(hours) 

Small Bore  
(2-1/2” and Smaller) 
(linear feet) 

    

Large Bore 
(3” and Larger) 
(linear feet) 

  
  

Engineered Hangers and 
Supports (each) 
(Includes stress analysis) 

 
  

 

Number of pipe fittings*     

Total Piping 
(linear feet only) 

 
  

 

* Elbows, flanges, reducers, branch connection fittings e.g. o-lets, saddles etc., Y’s, T’s, caps, 
unions, couplings, etc. 
** Total piping quantity is linear feet only. The total piping work-hours include those hours for 
small & large bore piping, engineered hangers and supports and fittings.  
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Rework-Hours 
Please provide rework hours, if available. If you can not provide source breakout, then 
enter total only. 
 

Source of Rework-Hours 
for Piping 

Rework- Hours  
(hours) 

Design  
Vendor  
Owner  

Other: _______________  
Total  

 
PT 192 Metrics (Piping):  
Please enter total direct engineering piping work-hours: _______________ 
 
Please enter Total Hangers and Supports (engineered & standard): 
_________________________ 
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4.5. Instrumentation 

Instructions 
Please complete the following tables indicating quantity and engineering work-hours for 
the categories appropriate to your project. If you cannot enter all data then enter totals 
only. Include rework in the work-hours only. If the project had no workhours or 
quantities for a category, enter none. 
 
The quantity of instrumentation is that quantity provided in the final Issued for 
Construction  (IFC) drawings. 
 
Refer to the section “Instructions for Computation of Work-Hours and Rework-Hours” 
for an additional detailed listing of direct hours to be included and indirect hours that are 
to be excluded from the computation of the work-hours.   
 
Which design platform was used for this category in this project?  Check all that apply. 

2D  (    ) 
3D  (    ) 

 

Instrumentation None IFC Quantity 
Engineering Work-Hours 

(including rework) 
(hours) 

Loops (count) 
 

Tagged Devices (count)   
I/O (count)   

 

This includes all instrument and control design work-hours except DCS/PLC Configuration 
and Programming. I/O (count) includes the I/O that comes over digital communication 
interfaces from outside of the control system. For such interfaces, count the addressable points. 
For fieldbus interfaces, count only the devices. 
◘  DCS/PLC Design included 
DCS/PLC Configuration 
and Programming  

  

 
Rework-Hours 
Please provide rework hours, if available. If you can not provide source breakout, then 
enter total only. 
 

Source of Rework-Hours 
for Instrumentation 

Rework-Hours 
(hours) 

Design  
Vendor  
Owner  

Other: _______________  
Total  

PT 192 Metrics (Instrumentation):  
Total direct engineering instrumentation work-hours: __________________ 
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4.6. Equipment 

Instructions 
Please complete the following tables indicating quantity and engineering work-hours for 
the categories appropriate to your project. If you cannot enter all data then enter totals 
only. Include rework in the work-hours only. If the project had no workhours or 
quantities for a category, enter none. 
 
The Total Quantity of equipment is the quantity of tagged items provided in the final 
Issued for Construction (IFC) drawings with vendor designed skids being counted as a 
single item.  The Individually Designed quantity is the quantity defined by unique data 
sheets.  For example, pump P201a/b is one unique data sheet, but is a total of two items. 
 
These hours include only mechanical discipline hours. 
 
Refer to the section “Instructions for Computation of Work-Hours and Rework-Hours” 
for an additional detailed listing of direct hours to be included and indirect hours that are 
to be excluded from the computation of the work-hours. 
 
Which design platform was used for this category in this project?  Check all that apply. 

2D  (    ) 
3D  (    ) 

 

None 
Individually 

Designed 
(each) 

Total 
Quantity 

(each) 

Engineering Work-Hours 
(including rework) 

(hours) Pressure Vessels 

    
This includes tray/packed towers, columns, reactors/regenerators, and miscellaneous other 
pressure vessels.  
Field fabricated towers, columns, reactors and regenerators are to be included. 

 

None 
Individually 

Designed 
(each) 

Total 
Quantity 

(each) 

Engineering Work-Hours 
(including rework) 

(hours) Atmospheric Tanks 

    
This includes storage tanks, floating roof tanks, bins/hoppers/silos/cyclones, cryogenic & low 
temperature tanks and miscellaneous other atmospheric tanks. 

 

None 
Individually 

Designed 
(each) 

Total 
Quantity 

(each) 

Engineering Work-Hours 
(including rework) 

(hours) 
Heat Transfer 

Equipment 
    

This includes heat exchangers, fin fan coolers, evaporators, cooling towers and 
miscellaneous other heat transfer equipment. 
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None 
Individually 

Designed 
(each) 

Total 
Quantity

(each) 

Engineering  
Work-Hours 

(including rework) 
(hours) 

Total 
(BTU/Hr) 

 
Boiler & Fired 

Heaters 
     

This includes packaged boilers, field erected boilers, fired heaters, waste heat boilers, stand-
alone stacks, and miscellaneous other boilers and fired heaters. 

 

None 
Individually 

Designed 
(each) 

Total 
Quantity

(each) 

Engineering  
Work-Hours 

(including rework) 
(hours) 

Total 
(horsepower) 

Rotating 
Equipment 
(w/drivers) 

     
This includes compressors (centrifugal/reciprocating), blowers, screw rotary compressors, 
metering/in-line pumps, pumps (centrifugal/reciprocating), positive displacement pumps, 
agitators, mixers, blenders and other miscellaneous compressors, fans and pumps. 

 

None 
Individually 

Designed 
(each) 

Total 
Quantity 

(each) 

Engineering Work-Hours 
(including rework) 

(hours) 

Material Handling 
Equipment 
(w/drivers) 

    
This includes conveyors (belt, chain, screen, rotor, etc.), cranes & hoists, scales, lifts, 
stackers, reclaimers, ship loaders, compactors, feeders and baggers, and miscellaneous other 
material handling equipment. 

 

None 
Individually 

Designed 
(each) 

Total 
Quantity

(each) 

Engineering Work-
Hours 

(including rework) 
(hours)) 

Total 
(kilo-watts) 

Power 
Generation 
Equipment 

     
This includes gas turbines, steam turbines, diesel generators, and other miscellaneous power 
generation equipment. 
 

Pulp & Paper Equipment None 
Individually 

Designed 
(each) 

Total 
Quantity

(each) 

Engineering  
Work-Hours 

(including rework) 
(hours) 

Woodyard Equipment     
Pulp Mill Equipment     
Bleach Plant Equipment     
Stock Preparation Equipment     
Wet End Equipment (through 
the Presses)   

  

Dryer Sections     

Dry End Equipment including 
Roll Wrap/Converter 
Equipment 

  
  

Total Pulp & Paper 
Equipment   

  

This includes all paper machines and miscellaneous other pulp & paper equipment. 
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None 
Individually 

Designed 
(each) 

Total 
Quantity 

(each) 

Engineering Work-Hours 
(including rework) 

(hours) 
Other Process 

Equipment 
    

This includes specialty gas equipment, bulk chemical equipment, process equipment, particle 
extraction (bag houses, scrubbers, etc.), treatment systems (water treatment, etc.), 
incinerators, and flares/flare systems. 

 

None 
Individually 

Designed 
(each) 

Total 
Quantity 

(each) 

Engineering Work-Hours 
(including rework) 

(hours) 

Vendor-Designed 
Modules & Pre-
Assembled Skids 

    
This includes modules (partial units) and complete skids units. 

 

None 
Individually 

Designed 
(each) 

Total 
Quantity 

(each) 

Engineering Work-Hours 
(including rework) 

(hours)** 
Total Equipment 

Count* 
    

Skids & modules with multiple equipments are counted still as a single entry.  
* Total equipment count may include items not identified above.  
** This is total mechanical discipline direct work-hours. 

 
Rework-Hours 
Please provide rework hours, if available. If you can not provide source breakout, then 
enter total only. 
 

Source of Rework-Hours 
for Equipment 

Rework-Hours 
(hours) 

Design  
Vendor  
Owner  

Other: _______________  
Total  
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5. Construction Productivity Metrics 
 
Instructions for Computation of Actual Work-Hours and Rework-Hours
Actual work-hours are computed by the summation of all the account hours that are listed 
as Direct in the following table. All the account hours listed as Indirect are to be 
excluded from the actual work-hours that are submitted in the productivity data for the 
following sections.   Actual work-hours should include hours for rework.  If you track 
actual rework-hours, please record this information at the end of each section where 
requested.  Please review this table completely before providing data in the following 
sections. 
 
  Direct Indirect 

 Direct Craft Labor  Accounting  Procurement 
 Foreman  Area Superintendent  Process Equipment Maintenance 
 General Foreman  Assistant Project Manager  Project Controls 
 Load and Haul  Bus Drivers  Project Manager 
 Oilers  Clerical  QA/QC 
 Operating Engineer  Craft Planners  Quantity Surveyors 
 Safety Meetings  Craft Superintendent  Receive and Offload 
 Scaffolding  Craft Training  Recruiting 
 Truck Drivers Direct  Crane Setup/take down  Safety 
   Document Control  Safety Barricades 
   Drug Testing  Security 
   Equipment Coordinator  Show-up Time 
   Evacuation Time  Site Construction Manager 
   Field Administration Staff  Site Maintenance 
   Field Engineer-Project  Subcontract Administrator 
   Field Staff (Hourly)  Supervision (Hourly) 
   Field Staff (Salary)  Surveying Crews 
   Fire Watch  Temporary Facilities 
   Flag Person  Temporary Utilities 
   General Superintendent  Test Welders 
   Hole Watch  Tool Room 
   Janitorial  Truck Drivers Indirect 
   Job Clean-Up  Warehouse 
   Master Mechanic  Warehousing  
   Material Control  Water Hauling 
   Mobilization   
   Nomex Distribution   
   Orientation Time   

A
cc

ou
nt

 

   Payroll Clerks/ 
Timekeepers   
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5.1. Concrete 

Instructions 
Please complete the following tables indicating installed neat quantity and work-hours 
(including rework) for the categories appropriate to your project and indicate if the work 
performed for each category was subcontracted or not. If work performed for a category 
was both subcontracted and in-house, indicate the type that was more predominate. Also, 
please record the total rework-hours with source information if available where requested 
at the end of the section. 
 
Include work-hours for the following selected activities: 
Loading material at the jobsite yard, hauling to, and unloading at the job work site; local 
layout, excavation and backfill, fabrication, installation, stripping and cleaning forms; 
field installation of reinforcing material; field installation of all embeds; all concrete 
pours, curing, finishing, rubbing, mud mats; and anchor bolt installation.  
 
Do not include work hours for: 
Piling, drilled piers, wellpoints and major de-watering, concrete fireproofing, batch 
plants, non-permanent roads and facilities, third party testing, mass excavations, rock 
excavations, site survey, q-deck, sheet piles, earthwork shoring, cold pour preparation, 
grouting, precast tees, panels, decks, vaults, manholes, etc.  
 

Definitions 
The Installed Neat Quantity of concrete is that concrete that is required for the specified 
slab, foundation, or structure provided in the project’s plans and specifications and does 
not include any quantity of concrete that is used due to rework. 
Refer to the section “Instructions for Computation of Actual Work-Hours and 
Rework-Hours” for an additional detailed listing of direct hours to be included and 
indirect hours that are to be excluded from the computation of the actual work-hours.   
 

Slabs None Subcontracted 
(Yes or No) 

Installed Quantity 
(cubic yards) 

Actual Work-Hours 
(including rework) 

(hours) 
On-Grade     

Elevated Slabs/On Deck     
Area Paving     

Total Slabs     

 

Foundations None Subcontracted 
(Yes or No) 

Installed Quantity 
(cubic yards) 

Actual Work-Hours 
(including rework) 

(hours) 
         < 5 cubic yards     
    5 – 20 cubic yards     
   21– 50 cubic yards     
        > 50 cubic yards     

Total Foundations     
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Concrete Structures None Subcontracted 
(Yes or No) 

Installed Quantity 
(cubic yards) 

Actual Work-Hours 
(including rework) 

(hours) 
Concrete Structures     
This Includes concrete structures, columns, beams, cooling tower basins, trenches, formed elevated 
slabs/structures, and retaining walls. 
   

Total Concrete  None Subcontracted 
(Yes or No) 

Installed Quantity 
(cubic yards) 

Actual Work-Hours 
(including rework) 

(hours) 
Total Concrete     
 
 
Rework-Hours 

Source of Rework-Hours 
for Concrete 

Rework-Work 
(hours) 

Design  
Vendor  
Owner  

Contractor  
Other  
Total  
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5.2. Structural Steel 

Instructions 
Please complete the following tables indicating installed quantity and work-hours 
(including rework) for the categories appropriate to your project and indicate if the work 
performed for each category was subcontracted or not. If work performed for a category 
was both subcontracted and in-house, indicate the type that was more predominate. Also, 
please record the total rework-hours with source information if available where requested 
at the end of the section. 
 
This includes work-hours for the following selected activities:  
Shake-out, transporting, erection, plumbing, leveling, bolting, and welding.  
 
Do not include work-hours for:  
Fabrication, demolition, and architectural work, such as roofing, siding and vents.  

Definitions 
The Installed Quantity of steel is that quantity of steel provided in the project’s plans 
and specifications and does not include any quantity of steel that is used due to rework. 
Refer to the section “Instructions for Computation of Actual Work-Hours and 
Rework-Hours” for an additional detailed listing of direct hours to be included and 
indirect hours that are to be excluded from the computation of the actual work-hours.  

Structural Steel None Subcontracted 
(Yes or No) 

Installed Quantity 
(tons) 

Actual Work-Hours 
(including rework) 

(hours) 
 Structural Steel     
This includes trusses, columns, girders, beams, struts, girts, purlins, vertical and horizontal bracing, bolts, and 
nuts. 
Pipe Racks & Utility Bridges     
This includes steel structures outside the physical boundaries of a major structure, which is used to support 
pipe, conduit, and/or cable tray. 
Miscellaneous Steel     
This includes handrails, toeplate, grating, checker plate, stairs, ladders, cages, miscellaneous platforms, pre-
mounted ladders and platforms, miscellaneous support steel including scab on supports, “T” and “H” type 
supports, trench covers, and Q decking. 
Total Structural Steel     

Rework-Hours 
Source of Rework-Hours 

for Steel 
Rework-Hours 

(hours) 
Design  
Vendor  
Owner  

Contractor  
Other  
Total  
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5.3. Electrical 

Instructions 
Please complete the following tables indicating installed quantity and work-hours 
(including rework) for the categories appropriate to your project and indicate if the work 
performed for each category was subcontracted or not. If work performed for a category 
was both subcontracted and in-house, indicate the type that was more predominate.  Also, 
please record the total rework-hours with source information if available where requested 
at the end of the section. 
 
This includes work-hours for the following selected activities:  
Installation, testing, labeling, etc. 
 

Definitions 
The Installed Quantity of electrical equipment, devices, conduit and cable trays are the 
quantity of each provided in the project’s plans and specifications and does not include 
any quantity that is used due to rework. 
 
 
Refer to the section “Instructions for Computation of Actual Work-Hours and 
Rework-Hours” for an additional detailed listing of direct hours to be included and 
indirect hours that are to be excluded from the computation of the actual work-hours.   
 
- Total Direct Electrical Work-Hours for This Project _________  
- Total Connected Horsepower of Motors _________ 
- Number of Motors _________ 
- Total KVA Load of Project _________ 
 

Electrical Equipment and 
Devices None Subcontracted 

(Yes or No) 
Installed Quantity 

(each) 

Actual Work-Hours 
(including rework) 

(hours) 
 Panels and Small Devices     
This includes all labor for the installation of lighting and power panels, dry type transformers, control stations 
(pushbuttons, small local panels, etc.), welding receptacles and their supports.  Count includes only actual 
electrical devices - not supports. 
 Electrical Equipment 
 600V & Below 

    

 Electrical Equipment  
Over 600V 

    

Total Electrical Equipment     
This includes all labor for the installation of transformers, switchgear, UPS systems, MCCs, DCS/PLC racks 
and panels, etc.                    
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Instructions for calculation of Weighted-Average Diameter of Conduit (Hyperlink) 
 

Conduit None Subcontracted 
(Yes or No) 

Weighted 
Average 
Diameter 
(inches) 

Installed 
Quantity 

(lineal feet) 

Actual Work 
Hours 

(including 
rework) 
(hours) 

Exposed or Aboveground 
Conduit 

     

This includes all labor for installation of conduit, hangers, supports, fittings, flexible connections, marking, 
grounding jumpers, seals, boxes, etc. 
This excludes lighting conduit. 
Underground, Duct Bank or 
Embedded Conduit 

     

This includes all labor for installation of conduit, supports, grounding jumpers, etc.  Does not include 
excavation, backfill, concrete, manholes, etc. 
Total Conduit      

Instructions for calculation of Weighted-Average Size of Cable Tray (Hyperlink) 
 

Cable Tray None Subcontracted 
(Yes or No) 

Weighted 
Average Size 

(width in inches) 

Installed 
Quantity 

(lineal 
feet) 

Actual Work Hours 
(including rework) 

(hours) 

Cable Tray      
This includes all labor for the installation of tray, channel, supports, covers, grounding jumpers, marking, etc.  
It does not include fire stop or cable tray for instrument wire and cable. 

 

Wire and Cable None Subcontracted 
(Yes or No) 

Installed Quantity 
(lineal feet) 

Actual Work-Hours 
(including rework) 

(hours) 
 Power and Control Cable - 
600V & below 

    

This includes all labor for the installation, termination, labeling, and testing of 600V and below power and 
control cable.  It does not include heat-tracing cable. 
Power Cable – 5 & 15KV     
This includes all labor for the installation, termination, labeling, and testing of medium voltage power cables. 
Total Wire and Cable      

 

Other Electrical  None Subcontracted 
(Yes or No) Installed Quantity 

Actual Work-Hours 
(including rework) 

(hours) 
Lighting (each-Fixtures)     
This includes all labor for the installation of fixtures (including lamps and supports) and for the installation of 
conduit and wiring from the lighting panel to the fixtures.  Includes any control equipment, switches, conduit, 
wiring and accessories installed on the load side of the lighting panel.  Installation of lighting panels is included 
in Panels and Small Devices and power feeder wiring for the panel is included in Power and Control Cable -
600V. 
Grounding (lineal feet)     
This includes all the labor for the installation of cable, ground rods, connectors and all accessories for the 
installation of conduit and wiring from the lighting panel to the fixtures. Includes work hours for the installation 
of ground cables pulled into cable trays, duct banks, and installed exposed in electric or other rooms. The 
footage is based on the total footage of ground cable installed. 
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Electrical Heat Tracing 
(lineal feet) 

    

This includes the labor for the installation of electric heat trace cable, power feeds to the cable, control 
accessories, end of line devices, connectors, tape or other strapping/support materials, and any other items 
needed to complete the heat trace system.  Footage is based on the lineal footage of process and utility piping 
heat traced. 

 

Rework-Hours 
Source of Rework-Hours 

for Electrical 
Rework-Hours 

(hours) 
Design  
Vendor  
Owner  

Contractor  
Other  
Total  
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5.4. Piping 

Instructions 
Please complete the following tables indicating the weighted-average diameter in inches, 
the installed quantity, percent shop fabricated, percent hot and cold, and work-hours 
(including rework) for the categories appropriate to your project and indicate if the work 
performed for each category was subcontracted or not. If work performed for a category 
was both subcontracted and in-house, indicate the type that was more predominate.  Also, 
please record the total rework-hours with source information if available where requested 
at the end of the section. 
 
Include work-hours for the following selected activities:  
Erecting and installing large bore piping, including welding, valves, in-line specials, 
flushing/hydro testing, tie-ins (excluding hot taps), material handling (from the laydown 
yard to the field), in-line devices, specialties, equipment operators, and hangers & 
supports.  
 
 
Do not include work-hours for:  
Non-destructive evaluation (NDE), steam tracing, stress relieving, underground piping, 
offloading pipe as it is received, commissioning, and field fabrication of large bore.  
 

Definitions 
The Installed Quantity of piping is that piping specified in the project’s plans and 
specifications and does not include any quantity of piping that is used due to rework. 
 
Refer to the section “Instructions for Computation of Actual Work-Hours and 
Rework-Hours” for an additional detailed listing of direct hours to be included and 
indirect hours that are to be excluded from the computation of the actual work-hours.   
 
Instructions for calculation of Small Bore Weighted-Average Diameter (Hyperlink) 
 
Small Bore (2-1/2” and Smaller) 
- Field and Shop Fabricated and Field Run (Excludes Tubing) 

Small Bore None Subcontracted 
(Yes or No) 

Weighted- 
Average 
Diameter 
(inches) 

Installed 
Quantity 

(lineal feet) 

Actual 
Work-Hours 

(including rework) 
(hours) 

Percent Shop 
Fabricated 

(%) 

Carbon Steel       
Stainless Steel       
Chrome       
Other Alloys       
Total Small 
Bore 

      

 
In the following sections for large bore piping the following definitions apply for hot and 
cold piping.  Hot piping is that piping which has a design temperature greater than 250 
degrees Fahrenheit. Cold piping is that piping which has a design temperature less than 
minus 20 degrees Fahrenheit. 
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Instructions for calculation of ISBL and OSBL Large Bore Weighted-Average Diameter (Hyperlink) 
 
Inside Battery Limits (ISBL) Large Bore (3” and Larger) (Excludes Tubing) 

Large Bore 
(ISBL) None Subcontracted 

(Yes or No) 

Weighted-
Average 
Diameter 
(inches) 

Average 
Wall 

Thickness 
(schedule) 

Installed 
Quantity  

(lineal 
feet) 

Actual Work-
Hours 

(including 
rework) 
(hours) 

% Shop 
Fabricated 

(%) 

% Hot 
and Cold 

(%) 

Carbon Steel         
Stainless Steel         
Chrome         
Other Alloys         
Total Large 
Bore (ISBL) 

        

 
Outside Battery Limits (OSBL) Large Bore (3” and Larger) (Excludes Tubing) 

Large Bore 
(OSBL) None Subcontracted 

(Yes or No) 

Weighted-
Average 
Diameter 
(inches) 

Average 
Wall 

Thickness 
(schedule) 

Installed 
Quantity  

(lineal 
feet) 

Actual Work-
Hours 

(including 
rework) 
(hours) 

% Shop 
Fabricated 

(%) 

% Hot 
and 
Cold 
(%) 

Carbon Steel         
Stainless Steel         
Chrome         
Other Alloys         
Total Large 
Bore (OSBL) 

        

 

Rework-Hours 
Source of Rework-Hours 

for Piping 
Rework-Hours 

(hours) 
Design  
Vendor  
Owner  

Contractor  
Other  
Total 
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5.5. Instrumentation 

Instructions 
Please complete the following tables indicating installed quantity and work-hours 
(including rework) for the categories appropriate to your project and indicate if the work 
performed for each category was subcontracted or not. If work performed for a category 
was both subcontracted and in-house, indicate the type that was more predominate. Also, 
please record the total rework-hours with source information if available where requested 
at the end of the section. 
 
This includes work-hours for the following selected activities:  
Installation, calibration, testing, check out, and otherwise field certify the devices.  A 
device is a physical device that has a tag number.  This category includes process tubing, 
instrument air tubing, cable trays, conduits, instrument wire and cable, junction boxes, 
etc.  
 
Do not include work-hours for:  
DCS, software, installation of in-line devices, programming and configuration.  
 

Definitions 
The Installed Quantity of instrumentation is that quantity provided in the project’s plans 
and specifications and does not include any quantity of instrumentation that is used due to 
rework. 
Refer to the section “Instructions for Computation of Actual Work-Hours and 
Rework-Hours” for an additional detailed listing of direct hours to be included and 
indirect hours that are to be excluded from the computation of the actual work-hours.   

 

Rework-Hours 
Source of Rework-Hours 

for Instrumentation 
Rework-Hours 

(hours) 
Design  
Vendor  
Owner  

Contractor  
Other  
Total  

 

Instrumentation None Subcontracted 
(Yes or No) Installed Quantity 

Actual Work-Hours 
(including rework) 

(hours) 
Loops (count)    
Devices  
(Instruments, count) 

    

Unit of measure:  Dual – Each based on loop check quantity. 
                                         Each based on field-installed devices. 
Instrumentation wire 
and cable (lineal feet) 
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5.6. Equipment 
 
Instructions 
Please complete the following tables indicating installed quantity and work-hours (including rework) 
for the categories appropriate to your project and indicate if the work performed for each category was 
subcontracted or not. If work performed for a category was both subcontracted and in-house, indicate 
the type that was more predominate. If equipment is preassembled on-skids – Do not include in the 
equipment count. Also, please record the total rework-hours with source information if available where 
requested at the end of the section. 
 

Definitions 
The Installed Quantity of equipment is that quantity provided in the project’s plans and specifications 
and does not include any quantity of equipment that is used due to rework. 
Refer to the section “Instructions for Computation of Actual Work-Hours and Rework-Hours” 
for an additional detailed listing of direct hours to be included and indirect hours that are to be 
excluded from the computation of the actual work-hours.   

Pressure Vessels None Subcontracted 
(Yes or No) 

Installed Quantity 
(each) 

Actual Work-Hours 
(including rework) 

(hours) 

Total Weight 
(tons) 

Pressure Vessels      
This includes tray/packed towers, columns, reactors/regenerators, and miscellaneous other pressure vessels. Work-hours 
should include installation of trays and packing if installed in the field. 
Field fabricated towers, columns, reactors and regenerators are not to be included. 

Atmospheric Tanks – 
Shop Fabricated None Subcontracted 

(Yes or No) 
Installed Quantity 

(each) 

Actual Work-Hours 
(including rework) 

(hours) 

Total Capacity
(tons) 

Atmospheric Tanks – Shop 
Fabricated 

     

This includes storage tanks, floating roof tanks, bins/hoppers/silos/cyclones, cryogenic & low temperature tanks and 
miscellaneous other atmospheric tanks. Include all shop built-up and field-erected tanks.  Excluded are field fabricated 
and assembled tanks. 

Atmospheric Tanks – 
Field Fabricated None Subcontracted 

(Yes or No) 
Installed Quantity 

(each) 

Actual Work-Hours 
(including rework) 

(hours) 

Total Capacity
(tons) 

Atmospheric Tanks –  
Field Fabricated 

     

This includes storage tanks, floating roof tanks, bins/hoppers/silos/cyclones, cryogenic and low temperature tanks, and
other miscellaneous atmospheric tanks. 

Heat Transfer Equipment None Subcontracted 
(Yes or No) 

Installed Quantity 
(each) 

Actual Work-Hours 
(including rework) 

(hours) 

Total Weight 
(tons) 

Heat Transfer Equipment      
This includes heat exchangers, fin fan coolers, evaporators, package cooling towers and miscellaneous other heat transfer 
equipment. 
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Boiler & Fired Heaters None Subcontracted 
(Yes or No) 

Installed Quantity 
(each) 

Actual Work-Hours 
(including rework) 

(hours) 

Total 
(MBTU) 

Boiler & Fired Heaters      
This includes packaged boilers, field erected boilers, fired heaters, waste heat boilers, stand-alone stacks, and 
miscellaneous other boilers and fired heaters. 

Rotating Equipment 
(w/drivers) None Subcontracted 

(Yes or No) 
Installed Quantity 

(each) 

Actual Work-Hours 
(including rework) 

(hours) 

Total 
(horsepower) 

Rotating Equipment 
(w/drivers) 

     

This includes compressors (centrifugal/reciprocating), blowers, screw rotary compressors, metering/in-line pumps, pumps 
(centrifugal/reciprocating), positive displacement pumps, agitators, mixers, blenders and other miscellaneous 
compressors, fans and pumps. 

Material Handling 
Equipment (w/drivers) None Subcontracted 

(Yes or No) 
Installed Quantity 

(each) 

Actual Work-Hours 
(including rework) 

(hours) 

Total Weight 
(tons) 

Material Handling 
Equipment (w/drivers) 

     

This includes conveyors (belt, chain, screen, rotor, etc.), cranes & hoists, scales, lifts, stackers, reclaimers, ship loaders, 
compactors, feeders and baggers, and miscellaneous other material handling equipment. 

Power Generation 
Equipment None Subcontracted 

(Yes or No) 
Installed Quantity 

(each) 

Actual Work-Hours 
(including rework) 

(hours) 

Total 
(kilo-watts) 

Power Generation 
Equipment 

     

This includes gas turbines, steam turbines, diesel generators, and other miscellaneous power generation equipment. 

Pulp & Paper Equipment None Subcontracted 
(Yes or No) 

Installed Quantity 
(each) 

Actual Work-Hours 
(including rework) 

(hours) 

Total Weight 
(tons) 

Woodyard Equipment      
Pulp Mill Equipment      
Bleach Plant Equipment      
Stock Preparation 
Equipment 

     

Wet End Equipment 
(through the Presses) 

     

Dryer Sections      
Dry End Equipment 
including Roll 
Wrap/Converter Equipment 

  
   

Total Pulp & Paper 
Equipment 

     

This includes all paper machines and miscellaneous other pulp & paper equipment. 
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Other Process Equipment None Subcontracted 
(Yes or No) 

Installed Quantity 
(each) 

Actual Work-Hours 
(including rework) 

(hours) 

Total Weight 
(tons) 

Other Process Equipment      

This includes specialty gas equipment, bulk chemical equipment, process equipment, particle extraction (bag houses, 
scrubbers, etc.), treatment systems (water treatment, etc.), incinerators, and flares/flare systems. 

Modules & 
Pre-Assembled Skids None Subcontracted 

(Yes or No) 
Installed Quantity 

(each) 

Actual Work-Hours 
(including rework) 

(hours) 

Total Weight 
(tons) 

Modules & 
Pre-Assembled Skids 

     

This includes modules (partial units) and complete skids units.  

Rework-Hours 
Source of Rework-

Hours for 
Equipment 

Rework-Hours 
(hours) 

Design  
Vendor  
Owner  

Contractor  
Other  
Total  
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5.7. Insulation 

Instructions 
Please complete the following tables indicating average thickness or diameter, installed 
quantity, and work-hours (including rework) for the categories appropriate to your 
project and indicate if the work performed for each category was subcontracted or not. If 
work performed for a category was both subcontracted and in-house, indicate the type 
that was more predominate.  Also, please record the total rework-hours with source 
information if available where requested at the end of the section. 

Definitions 
The Installed Quantity of insulation is that quantity of insulation that is required for the 
equipment and piping provided in the project’s plans and specifications and does not 
include any quantity of insulation that is used due to rework. 

Refer to the section “Instructions for Computation of Actual Work-Hours and 
Rework-Hours” for an additional detailed listing of direct hours to be included and 
indirect hours that are to be excluded from the computation of the actual work-hours.   

Equipment 
This includes work-hours for the following selected activities:  
Installation of insulation, jacketing overall vessels, tanks, exchangers, etc.; installation of 
equipment blankets for pumps, exchangers, etc.; material handling.   
 
 

Insulation None Subcontracted
(Yes or No) 

Average 
Thickness 
(inches) 

Installed Quantity 
(square feet of 
insulated area) 

Actual Work-Hours 
(including rework) 

(hours) 
Equipment      

 
Piping 
This includes work-hours for the following selected activities:  
Installation of insulation and jacketing over pipe, valves and fittings; installation of valve 
insulation blankets and flange insulation.   
 
Instructions for calculation of Weighted-Average Diameter of Piping with Insulation 
(Hyperlink) 
 

Insulation None Subcontracted 
(Yes or No) 

Weighted-
Average 
Diameter 
(inches) 

Average 
Thickness 
(inches) 

Installed Quantity 
(equivalent linear 

feet) 

Actual Work-Hours
(including rework)

(hours) 

Piping       
ELF – Equivalent Linear Feet of insulation applied to piping.  Multiple layers count only one time in linear 
footage. 
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Rework-Hours 
 

Source of Rework-Hours 
for Insulation 

Rework-Hours 
(hours) 

Design  
Vendor  
Owner  

Contractor  
Other  
Total  
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6. Closeout 

6.1. Achieving Facility Capacity 

Indicate the primary product or function of the completed facility and the unit of 
measure which best relates the product or function capacity of the completed facility.  

     Product or Function Unit of Measure 
_________________ ________________

 
Were initial planned capacities achieved during Startup? 

0 1 2 3 4 

◘ ◘ ◘ ◘ ◘ 
 

Were product quality specifications achieved? 

0 1 2 3 4 

◘ ◘ ◘ ◘ ◘ 
 
 
 
Achieving Facility Capacity (For Building projects) 

Please indicate the size and the unit of measure of the completed facility 

Size  Unit of Measure 

Square Footage ◘ 

Square Meter ◘ 

Cubic Footage ◘ 
________________ 

Cubic Meter ◘ 

 
Were project quality specifications achieved? 

0 1 2 3 4 

◘ ◘ ◘ ◘ ◘ 
 

    Not at all                                   Moderately                              Fully Achieved 

     Not at all                                  Moderately                              Fully Achieved 

   Not at all                                     Moderately                              Fully Achieved 

Examples:   
     Product or Function Unit of Measure 
Chemical Products Tons/Hour 
Consumer Products Cases/Day 
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6.2. Workhours and Accident Data  

On January 31st, 2002 OSHA instituted significant changes to safety record keeping and 
reporting requirements.  Please refer to OSHA for the new rules and definitions.  A good 
comparison of the old and new rules may be found at: 

http://www.osha.gov/recordkeeping/RKside-by-side.html   and 

http://www.osha.gov/recordkeeping/RKmajorchanges.html  

The CII Benchmarking committee has redesigned the safety performance section so that 
you may report incidences accurately whether you are using the old OSHA 200 or the 
new OSHA 300 log. 

In the spaces below, please record the Total OSHA Number of Recordable Incident 
Cases.  From that number, please break down the Number of Injuries, the Number of 
Illnesses and the Number of Fatalities.  Also record the Total Number of OSHA 
DART Cases, broken out by the Number of Days Away Cases and the Number of 
Restricted/Transfer Cases.   

Next please record the number of Near Misses, the Total Site Workhours, the 
Percentage of Overtime Hours, and the Number of Hours in Your Normal Work 
Week. 

1. Use the U.S. Department of Labor's OSHA definitions for recordable injuries and 
lost workday cases among this project's workers. If you do not track in 
accordance with these definitions, click Unknown in the boxes below.  

2. A consolidated project OSHA 300 log is the best source for the data.  
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Total OSHA Number 
Recordable Incident Cases 
(Injuries, Illnesses, Fatalities, 
Transfers and Restrictions) 

Please breakdown the total 
number of Recordable 
Incident Cases by: 

Number of OSHA DART 
Cases 
(Days Away, Restricted or 
Transferred)  

 
________ Total Recordables 
             
 
   ◘Unknown 

________ Injuries 
________ Illnesses 
________ Fatalities 
 
   ◘Unknown 

________ Days Away Cases 
________ Restricted Cases 
                 Transfer Cases 
 
   ◘Unknown 

Near Misses 

Near Misses are common at many worksites. They do not result in injury-but they may cause 
property damage. If, say, an employee had been in a slightly different position or place, or the 
equipment or product placement had been to the left or right, serious injury and/or damages 
could have resulted. A lot depends on sheer luck and circumstance (Heberle, 1998). 
 
How many near misses occurred?   _____________________ 
 
                                                           ◘Unknown 

Total Site Workhours  ____________________ 
 
   __ Unknown 
Percentage of Overtime Hours 
What percentage of the workhours were “overtime”  - above your normal work week? If the 
actual percentage cannot be calculated, please provide your best assessment. Answer 
Unknown only if you cannot make a reasonable assessment. 
                      (%) 
 
 

   ◘ Unknown 
Hours in Normal Work Week 
Please indicate the number of hours in your normal work week. 
                              
 
   ◘Unknown 
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6.3. Project Environment Impacts 
 
The following section is intended to assess whether environmental factors adversely or 
positively affected project performance beyond the conditions for which you planned. 
 
Impacts may be assessed ranging from “highly negative”, to “highly positive”.  If the 
factor was adequately planned for, please indicate “As Planned”.  If it was not planned 
for, please indicate the impact, positive or negative. Negative impacts adversely affect the 
metrics and positive impacts favorably affect the metrics. 
 
Weather  
◘ N/A ◘ UNK 

Cost Schedule Safety Construction 
Productivity 

Engineering 
Productivity 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘
Hi 

Neg Neg As 
Planned Pos Hi 

Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi  

Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 

◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK 
 
Labor Skill  
◘ N/A ◘ UNK  

Cost Schedule Safety Construction 
Productivity 

Engineering 
Productivity 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘
Hi 

Neg Neg As 
Planned Pos Hi 

Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi  

Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 

◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK 
 
Labor Availability  
◘ N/A ◘ UNK 

Cost Schedule Safety Construction 
Productivity 

Engineering 
Productivity 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘
Hi 

Neg Neg As 
Planned Pos Hi 

Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi  

Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 

◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK 
 
Materials Availability 
◘ N/A ◘ UNK 

Cost Schedule Safety Construction 
Productivity 

Engineering 
Productivity 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘
Hi 

Neg Neg As 
Planned Pos Hi 

Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi  

Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 

◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK 
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Site Conditions  
◘ N/A ◘ UNK 

Cost Schedule Safety Construction 
Productivity 

Engineering 
Productivity 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘
Hi 

Neg Neg As 
Planned Pos Hi 

Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi  

Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 

◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK 
 
 
Project Complexity  
◘ N/A ◘ UNK 

Cost Schedule Safety Construction 
Productivity 

Engineering 
Productivity 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘
Hi 

Neg Neg As 
Planned Pos Hi 

Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi  

Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 

◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK 
 
 
Regulatory Requirements  
◘ N/A ◘ UNK 

Cost Schedule Safety Construction 
Productivity 

Engineering 
Productivity 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘
Hi 

Neg Neg As 
Planned Pos Hi 

Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi  

Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 

◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK 
 
 
Project Team Experience  
◘ N/A ◘ UNK 

Cost Schedule Safety Construction 
Productivity 

Engineering 
Productivity 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘
Hi 

Neg Neg As 
Planned Pos Hi 

Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi  

Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 

◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK 
 
Project Team Turnover  
◘ N/A ◘ UNK 

Cost Schedule Safety Construction 
Productivity 

Engineering 
Productivity 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘
Hi 

Neg Neg As 
Planned Pos Hi 

Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi  

Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 

◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK 
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Detailed Engineering Design Location (Use of Offshore Engineering) 
◘ N/A ◘ UNK 

Cost Schedule Safety Construction 
Productivity 

Engineering 
Productivity 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘
Hi 

Neg Neg As 
Planned Pos Hi 

Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi  

Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 

◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK 
 
 
Business Market Conditions  
◘ N/A ◘ UNK 

Cost Schedule Safety Construction 
Productivity 

Engineering 
Productivity 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘
Hi 

Neg Neg As 
Planned Pos Hi 

Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi  

Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 

◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK 
 
Coordination with Plant Shutdown  
◘ N/A ◘ UNK 

Cost Schedule Safety Construction 
Productivity 

Engineering 
Productivity 

◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘
Hi 

Neg Neg As 
Planned Pos Hi 

Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 
Hi  

Neg Neg As 
Planned Pos Hi 

 Pos 
Hi 

 Neg Neg As 
Planned Pos Hi 

 Pos 

◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK ◘ N/A ◘ UNK 
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6.4. Practices Wrap-up 
 
Please evaluate the overall effectiveness for each practice you used in 
this project. 
 
Pre-Project Planning 
 

Pre-Project Planning involves the process of developing sufficient strategic information 
that owners can address risk and decide to commit resources to maximize the chance for 
a successful project. Pre-project planning includes putting together the project team, 
selecting technology, selecting project site, developing project scope, and developing 
project alternatives. Pre-project planning is often perceived as synonymous with front-
end loading, front-end planning, feasibility analysis, and conceptual planning.  
 
On a scale of 0 to 10, with 0 indicating not effective and 10 indicating very effective, 
please assess the overall effectiveness of Pre-Project Planning on this project. 
 

0 1 2 3 4 5 6 7 8 9 10 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
Project Risk Assessment 
 
The relative risk of any project is based on a combination of political, geographic, 
economic, environmental, regulatory, security, and cultural factors. While many industry 
participants recognize the importance of risk assessment, an appropriate risk mitigation 
process must be an immediate outflow of the evaluation. 
 
Effective risk management improves project performance in terms of cost, schedule, 
safety, and scope. Undertaking this process during the early stages of a project has the 
potential to significantly impact project success. 
 
On a scale of 0 to 10, with 0 indicating not effective and 10 indicating very effective, 
please assess the overall effectiveness of Project Risk Assessment on this project. 
 

0 1 2 3 4 5 6 7 8 9 10 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
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Team Building 
 
Team Building is a project-focused process that builds and develops shared goals, 
interdependence, trust and commitment, and accountability among team members and 
that seeks to improve team members problem-solving skills. 
 
On a scale of 0 to 10, with 0 indicating not effective and 10 indicating very effective, 
please assess the overall effectiveness of Team Building on this project. 
 

0 1 2 3 4 5 6 7 8 9 10 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 

 
Alignment during Pre-Project Planning 
 
Alignment is the condition where appropriate project participants are working within 
acceptable tolerances to develop and meet a uniformly defined and understood set of 
project objectives. 
 
On a scale of 0 to 10, with 0 indicating not effective and 10 indicating very effective, 
please assess the overall effectiveness of Alignment during Pre-Project Planning 
Practices on this project.  
 

0 1 2 3 4 5 6 7 8 9 10 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
 
Design for Maintainability 
 
Design for maintainability is the first step of an effective maintenance program, linking 
maintenance goals to the design process. If adequate measures for cost-effective 
maintainability are not integrated into the design and construction phases of a project, the 
risk increases that (1) reliability will be adversely impacted and (2) total life cycle costs 
will increase significantly. 
 
Appropriate levels of maintainability seldom occur by chance. Front-end planning, 
setting objectives, disciplined design implementation, and feedback from prior projects 
are all required. It is vital to identify critical maintainability and reliability issues and to 
integrate them into facility project designs to achieve long-term facility owning and 
operating benefits. 
 
On a scale of 0 to 10, with 0 indicating not effective and 10 indicating very effective, 
please assess the overall effectiveness of Design for Maintainability Practices on this 
project.  
 

0 1 2 3 4 5 6 7 8 9 10 NA UNK 
◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘  
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Constructability 
 
Constructability is the effective and timely integration of construction knowledge into the 
conceptual planning, design, construction and field operations of a project to achieve the 
overall project objectives with the best possible time and accuracy, at the most cost-
effective levels. 
 
On a scale of 0 to 10, with 0 indicating not effective and 10 indicating very effective, 
please assess the overall effectiveness of Constructability on this project. 
 

0 1 2 3 4 5 6 7 8 9 10 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
 
Materials Management 
 

Materials management is an integrated process for planning and controlling all necessary 
efforts to make certain that the quality and quantity of materials and equipment are 
appropriately specified in a timely manner, are obtained at a reasonable cost, and are 
available when needed. The materials management systems combine and integrate the 
takeoff, vendor evaluation, purchasing, expediting, warehousing, distribution, and 
disposing of materials functions. 
 
On a scale of 0 to 10, with 0 indicating no effectiveness and 10 indicating excellent 
effectiveness please rate the overall effectiveness of Materials Management on this 
project. 
 

0 1 2 3 4 5 6 7 8 9 10 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
 
Change Management 
 
Change Management is the process of incorporating a balanced change culture of 
recognition, planning and evaluation of project changes in an organization to effectively 
manage project changes.  
 
On a scale of 0 to 10, with 0 indicating not effective and 10 indicating very effective, 
please assess the overall effectiveness of Project Change Management on this project.  
 

0 1 2 3 4 5 6 7 8 9 10 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
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Zero Accident Techniques
 
Zero accident techniques include the site specific safety programs and implementation, 
auditing and incentive efforts to create a project environment and a level of training that 
embraces the mind set that all accidents are preventable and that zero accidents is an 
obtainable goal. 
 
On a scale of 0 to 10, with 0 indicating not effective and 10 indicating very effective, 
please assess the overall effectiveness of the Safety Program on this project. 
 

0 1 2 3 4 5 6 7 8 9 10 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
 
Quality Management 
 
Quality Management incorporates all activities conducted to improve the efficiency, 
contract compliance and cost effectiveness of design, engineering, procurement, QA/QC, 
construction, and start-up elements of construction projects. 
 
On a scale of 0 to 10, with 0 indicating not effective and 10 indicating very effective, 
please assess the overall effectiveness of Quality Management on this project. 
 

0 1 2 3 4 5 6 7 8 9 10 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
 
Automation/Integration (AI) Technology 
 

The Automation and Integration Technology practice addresses the degree of 
automation/level of use and integration of automated systems for predefined tasks/work 
functions common to most projects. 
 
On a scale of 0 to 10, with 0 indicating not effective and 10 indicating very effective, 
please assess the overall effectiveness of Automation/Integration Technology Practices 
on this project.  
 

0 1 2 3 4 5 6 7 8 9 10 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
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Planning and Execution of Qualification and Validation
 
Validation is a documented program that provides a high degree of assurance that a specific 
process, method, or system will consistently produce a result meeting pre-determined acceptance 
criteria.   
Qualification is the action of providing that equipment or ancillary systems are properly 
installed, work correctly, and actually lead to the expected results. Qualification is part of 
validation, but the individual qualification steps alone do not constitute process validation. Please 
select the single most appropriate response to each question below. 
 
On a scale of 0 to 10, with 0 indicating not effective and 10 indicating very effective, 
please assess the overall effectiveness of Planning and Execution of Qualification and 
Validation on this project.  
 

0 1 2 3 4 5 6 7 8 9 10 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 

 
 
Planning for Startup 
 
Startup is the transitional phase between plant construction completion and commercial 
operations, including all of the activities that bridge these two phases. Planning for 
Startup consists of a sequence of activities that begins during requirements definition and 
extends through initial operations. This section assesses the level of Startup Planning by 
evaluating the degree of implementation of specific activities throughout the various 
phases of a project.  
 
On a scale of 0 to 10, with 0 indicating not effective and 10 indicating very effective, 
please assess the overall effectiveness of the Planning for Startup process on this 
project. 
 

0 1 2 3 4 5 6 7 8 9 10 NA UNK
◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ ◘ 
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