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Executive Summary

The quality of materials and equipment supplied to a capital 

project directly affects the ability of the project team to complete 

it on time and on budget. The fact that so many items are 

custom, one-of-a-kind, or made of rare materials makes supplier 

quality particularly important in the construction of capital 

projects. CII Research Team (RT) 308, Achieving Zero Rework  

through Effective Supplier Quality Practices, worked to find the most 

effective processes and practices for ensuring that project materials 

and equipment are produced, manufactured, or fabricated in strict 

accordance with all applicable specifications and that, once delivered to 

the project site, they do not require any rework.

The research team pursued the following objectives: 

•	Describe the current processes for assuring component quality in 
the construction industry and other industries of interest. 

•	Measure the performance of these practices with appropriate 
metrics. 

•	Develop and validate a model of the supplier quality reliability 
endeavor. 

•	Use the model developed to propose alternative practices, and 
predict the impact of these new practices.

•	Develop appropriate vehicles for dissemination and 
implementation of the findings. 

The team gathered the data for this research from the following sources: 

documents from owner, contractor, and supplier companies; research 

literature on quality in construction and other industries; interviews at 

contractor and supplier facilities; supplier focus groups; CII member 

purchase order records. Using this data, the research team developed the 

following: the Supplier Quality Process Map; a summary of current practices 

found in the literature; a glossary of terms and acronyms; a supplier wish 

list of purchaser practices; statistical analysis of current supplier quality 
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surveillance (SQS) performance for several commodity categories; and a 

simulation model for estimating the impact of the cost of non-quality to 

support supplier selection.

While the review of literature outside the industry did not find any 

work processes that are not already used in construction, the team did 

discover that these practices are not applied consistently across the 

industry. In addition, the literature review and simulation model do not 

support the commonly held notion that inspection is not an effective 

method of improving manufacturing quality outcomes. Based on its 

findings, RT 308 recommends that companies consistently use the 

practices presented in Implementation Resource (IR) 308-2, Achieving 

Zero Rework through Effective Supplier Quality Practices, to manage 

supplier quality. The team further encourages readers to utilize the 

decision-support tool also presented in that resource, to project the cost 

of non-quality and to support supplier selection.
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Introduction

Construction of a capital project requires the supply of a multitude 

of materials and equipment to the project site for installation. These 

materials and equipment are sourced from around the globe, many times 

never being trial-fit or tested in a shop prior to installation in the facility. 

Many of the items required are custom, one-of-a-kind, or made of rare 

materials, which makes their quality particularly important. Supplier 

quality has a direct impact on a project team’s ability to complete projects 

on schedule and on budget. Traditionally, supplier quality surveillance 

(SQS) work processes have been used as a risk mitigation technique; by 

reducing the number of supplier defects discovered at the project site, 

these processes reduce the cost and schedule impacts associated with 

any quality-related rework. 

Over the past few years, several factors have led to increased supplier 

quality discrepancies found in fabrication facilities and at project sites. 

First, Western suppliers are facing an aging workforce, with fewer 

qualified craftspeople available for employment, along with increased 

pressure to drive down costs. Some well-known suppliers have 

increased the amount of work they sub-contract out to sub-suppliers. At 

the same time, clients and contractors in search of lower capital costs 

are more open to procuring from low-cost sourcing countries. These 

emerging country sources may have state-of-the-art facilities, but are 

not accustomed to working to Western quality standards. Given this 

combination of factors, traditional SQS techniques no longer attain the 

expected results.

To help companies address the growing concern over poor supplier 

quality, CII formed Research Team (RT) 308, Achieving Zero Rework  

through Effective Supplier Quality Practices, to identify the most effective 
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processes, practices, and metrics (both traditional and enhanced) for 

improving supplier quality and performance by addressing the following 

essential question:

What are the most effective processes and practices for ensuring that 

project materials and equipment are produced, manufactured, or 

fabricated in strict accordance with all applicable specifications, and 

that they are delivered to the project site without any need for rework?

Objectives

In order to answer the essential question, the research team established 

five objectives:

1.	 Describe the current process for assuring component quality in 
the construction industry and other industries of interest.

2.	 Measure the performance of these practices using appropriate 
metrics, including benefit and cost parameters, and statistically 
assess the value of these measures.

3.	 Develop and validate a model of the supplier quality reliability 
endeavor, and validate using data from existing practices.

4.	 Use the validated model to predict the impact of alternative 
practices proposed by the research team.

5.	 Develop appropriate vehicles for dissemination and 
implementation of the findings, to include a research summary, 
research report, and implementation resource.

RT 308 achieved each of these five objectives.

Scope Limitations

The team restricted its work to a portion of a typical EPC/design-

build project, extending from the supplier qualification stage through 

site acceptance, but excluding criticality review practices. The team 

restricted its focus to the life of the supply chain, from purchase order 

to commodity acceptance, and did not include logistics, expediting, 

and warranty. Although the quality of the purchase order specification 
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plays the most important role in the final delivered equipment or 

material, assessing the quality of the specification applied was not within 

the team’s scope. Finally, the issue of counterfeit materials was not a 

particular focus of this research. Research Team 307, Mitigating Threats 

of Counterfeit Materials in the Capital Projects Industry, strictly focused 

on counterfeit materials. 

The team decided to focus on four specific commodity categories, 

since these tend to comprise the highest spends on the capital 

projects: 1) tagged/engineered equipment; 2) fabricated structural steel; 

3) fabricated pipe spools; and 4) non-engineered/bulk valves.

Research Methods

This research drew on data provided by research team members 

from owner, contractor, and supplier companies, along with the 

following other data sources of data: research literature on quality in the 

construction industry and other industries; interviews at contractor and 

supplier facilities; supplier focus groups; hard survey data on purchase-

order practices used/outcomes obtained in the capital facilities industry. 

Using these data, the team developed the following: 

•	the Supplier Quality Process Map

•	a summary of current practices found in the literature

•	a summary of common CII member company practices

•	a glossary of terms and acronyms

•	a supplier wish list of purchaser practices for products requiring 
zero rework

•	a statistical analysis of current SQS practices for tagged/
engineered equipment, fabricated goods (structural steel and 
pipe spools), and manufactured/bulk goods (non-engineered/bulk 
valves)

•	a simulation model for estimating the cost of non-quality to 
support supplier selection and minimize overall impact to a 
project.



4

The research team identified the practices currently used in the capital 

construction industry, and discovered other significant enhancements 

to these practices in other industries. Using this information and other 

data, the team modeled the industry’s current SQS process. “What if?” 

scenarios were run, using the model to predict the impact of various 

SQS practices. By conducting both qualitative and quantitative analysis 

and cross-validating the analysis, the research team was able to utilize 

the findings to create a helpful implementation resource and draw the 

conclusions presented in Chapter 5.
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2

Data Analysis

The team initially examined practices commonly used in construction 

and in other industries. This analysis confirmed that many companies 

utilize traditional SQS practices to reduce the risk of poor supplier quality.

Process Map and Description of Current Practices 

One of the most important items developed from this research is the 

Supplier Quality Process Map. Through interviews and team discussions, 

the research team created this process map to show how most companies 

in the construction industry address supplier quality. It illustrates the work 

flow of this process, from qualification of suppliers through mechanical 

completion and post-execution data collection. By highlighting these 

steps, the team identified the most important metrics—although, these 

metrics are not always captured in today’s projects. Implementation 

Resource (IR) 308-2, Achieving Zero Rework through Effective Supplier 

Quality Practices, presents the Supplier Quality Process Map in more 

detail, discussing the parties responsible for each step in the process.
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3.1 Release from Shop 3.2 Received on Site 3.3 Mechanical Completion

Figure 1. Supplier Quality Process Map
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Summary of Current Practices Found in the Literature about Capital 
Projects and Other Industries 

To find alternative methods of measuring and ensuring high supplier 

quality, the research team studied several industries, including healthcare 

supply, electronic systems and equipment manufacturing, food and 

restaurant industries, aerospace, and shipbuilding. Some of the best 

practices in these industries include supplier partnerships, category 

captain management, vertical integration, supplier quality surveillance, 

information synchronization, and supplier relationship development. 

While these other industries may apply these practices in different ways, 

the team found no practices that were not already being used to some 

degree in the construction industry. The lack of existing research in the 

field of supplier quality management was surprising.

Summary of Common Practices Currently Adopted

Figure 2 presents a simplified Supplier Quality Process Map that 

condenses the Supplier Quality Process Map shown in Figure 1. Each step 

is described briefly below. (See IR 308-2 for more detailed descriptions.)

1. Planning and 
Selection 2. Execution

3.1. Release
from Shop

3.2. Received
at Site

3.3. Mechanical
Completion

  Project Start Post-completion feedback

Reject packages if they do not meet quality standards

Figure 2. Simplified Supplier Quality Process Map

1. Planning and Selection

The best practice includes using past performance data to evaluate 

whether a supplier is acceptable to add to the bidders list. If past 

performance data are not available, the new supplier should be 

qualified through a standard process that includes reviews of its financial 

performance and quality management system, and a plant survey to 

ascertain its capabilities.
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2. Execution

The best practices for execution include creating a supplier quality 

plan, making observations according to that plan, and documenting 

observations through daily reports and nonconformance reports, as 

required.

3.1 Release from Shop

Prior to release from the shop, the buyer should make a final inspection 

and then issue a release from inspection. If the project has schedule 

pressures, this may be a conditional release, if some of the work will be 

completed or corrected at site.

3.2 Received at Site

Once the equipment or material is received at the site, it is important 

to perform a receipt inspection. This records any overages, shortages, or 

damages while in transit. 

3.3 Mechanical Completion

Once the material is installed, conducting an additional to perform 

inspection site acceptance tests or pre-commissioning testing is 

recommended.

Post Execution

At each phase of the purchase order, quality personnel should 

provide a performance rating to record the suppliers’ performance. 

Organizations should retain this progressive data and make it available 

for the consideration of suppliers on future projects.

Glossary of Terms and Acronyms

Another important product of this research is the glossary of terms and 

acronyms. At present, the industry does not have a common language 

for describing the SQS function. Each company uses its own terminology 

to describe the roles and activities of SQS personnel. This can be very 
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confusing to the owners, contractors and suppliers trying to work 

together on a project. For the purposes of this research, it was essential 

that everyone on the team understood and agreed to the terminology 

being used. For example, at early team meetings, much debate arose over 

whether to use the term “supplier” or “vendor” in our team discussions. 

According to the American Society for Quality (ASQ), a vendor is 

defined as “a supplier of commonly available hardware items and various 

goods and/or services, where the requirements and specifications are 

well defined;” whereas, a supplier is defined as a “source of materials, 

service, or information input provided to a process.” To proceed with 

the research, the team agreed to utilize the more general term “supplier,” 

due to the complexity of the equipment and materials that are required 

on industrial projects.

Supplier Wish List 

Soon after the research began, it became evident that the team did not 

have adequate representation from suppliers. Obtaining the suppliers’ 

perspective was crucial, since they bear the ultimate responsibility for the 

quality of their products. To remedy the situation, the team resolved to 

assemble a series of supplier focus groups to gain this perspective. Taking 

recommendations for supplier participants from the industry members of 

the research team, the academic team members conducted the focus 

groups. Because academics on all CII research teams routinely obscure 

the identities of research participants, per the Institute’s confidentiality 

policy, the results of the focus groups did not reveal the suppliers’ 

identities to the industry representatives on the team. Moreover, because 

the academics could assure the suppliers of their confidentiality, they 

were able to gather the suppliers’ uninhibited input. 

For each focus group, the academic team invited several suppliers 

from each of the four commodity categories being studied: 1) tagged/

engineered equipment; 2) shop-fabricated structural steel; 3) shop-

fabricated pipe spools; and 4) manufactured/bulk goods (non-engineered/

bulk valves). The supplier focus groups took place in Houston and 
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Tulsa, since these cities are home to a large concentration of industrial 

suppliers. The research team formulated the following three questions 

for the suppliers:

1.	 How is QA/QC currently performed in your organization and 
your suppliers?

2.	 What are the best practices related to QA/QC that you 
commonly find in the industry (i.e., organizations you work 
with)?

3.	 What would it take for you to meet all applicable requirements 
contained in an order, without rework?

Statistical Analysis of Current SQS Practices 

The team created a data collection instrument to obtain data about 

purchase orders from past projects. The instrument addressed the main 

phases of the Supplier Quality Process Map: supplier selection process; 

development and execution of a quality plan; release from the shop; 

received at the site; and mechanical completion. The important gates 

noted for data collection included first release to ship date, first arrival at 

the site, and estimated date of mechanical completion. 

The instrument comprised four sections: 

1.	 Project Data

2.	 PO Basic Data

3.	 Practices Used (QA/QC, ITP, meetings)

4.	 Outcomes (e.g., total number of items for a PO and total number 
of non-conformances or unacceptable items for each gate).

The instrument was distributed to CII members, and to non-CII members 

in the industry. 
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In the end, the team collected data from 108 purchase orders. The 

vast majority of the results were from contractors, most of them coming 

from supplier locations within the United States. While some data came 

from emerging nations such as China, India, Mexico, and Brazil, the 

majority of the results were from developed nations. (See Figure 3.) This 

was surprising, since the subject matter experts on the team expected to 

receive a higher percentage of POs from emerging nations, given current 

market trends. There was a relatively even distribution of PO criticality 

ratings (i.e., critical, high, medium, low) within the sample. (See Figure 4.)

 

Developed Nations
84%

Multiple Locations
3%

N=108

Emerging 
Nations

13%

Figure 3. Location of Suppliers
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Simulation Model

The research team developed a simulation model to capture the 

dynamic nature of the SQS process, and to help predict the impact of 

using supplier quality best practices related to inspection levels. The 

model utilizes the Supplier Quality Process Map developed by the team. 

The simulation represented the following two components: 

1.	 The production or fabrication process, with a parameter (Pfab) 
that describes the production capability, or probability, that the 
item will be made in conformance with requirements

2.	 The inspection process, with a parameter (Pinsp) that describes 
the probability that a given inspection will identify a non-
conformance if it exists, so that it can be corrected. 

Figure 5 presents a simplified version of the process map as evaluated in 

the simulation.
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The team developed the simulation model to address the following questions:

1.	 What is the relationship between process outcome and the input 
parameters?

2.	 How is the cost of non-conformance affected by the input 
parameters?

3.	 How will reducing the number of inspection points affect both 
process outcome and cost?
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3

Findings

Qualitative Analysis

The qualitative analysis included data from three sources: 

documentation, structured interviews, and supplier focus groups.

Documentation

The academic team used grounded theory to perform the qualitative 

data analysis on documentation. The team first scanned the documents, 

asked questions about them, performed a micro-analysis, coded the 

data, analyzed the results, and validated the findings. In total, the team 

analyzed 92 documents, including 50 reports and 42 procedures. 

Structured Interviews

In structured interviews, companies identified their quality processes 

as highly mature, somewhat mature, or not mature. The conclusion from 

these structured interviews is that companies with highly mature supplier 

quality processes have a high level of involvement from top management 

to improve the supplier quality system; these companies use internal 

databases to track supplier performance for analysis and future decisions. 

Supplier Focus Groups

According to the suppliers, the practices that help suppliers achieve 

zero rework include the following:

•	The PO matches the RFQ.

•	The exact specifications are sent up front, so that the bid can 
be more accurate (e.g., more than a few drawings, and no 
extraneous data).

•	Specifications are updated (e.g., some respondents reported 
receiving specification that were more than 30 years old and no 
longer feasible).
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•	Customers give suppliers feedback.

•	Customers notify suppliers immediately regarding any non-
conformance reports.

•	Customers provide inspectors who add value, rather than 
combative ones.

•	Quality planning is held jointly between the parties.

•	Quarterly reviews are scheduled with the goal of improving 
performance.

•	Hold points are eliminated on the basis of clear front end 
planning.

•	Schedules are not shortened during the course of the PO.

Quantitative Analysis

The research team included quantitative analysis of two data sources: 

1) the purchase order survey results; and 2) the simulation model results.

Statistical Analysis of Purchase Order Instrument

The qualitative analysis showed a difference between companies 

reporting highly effective supplier quality systems and those reporting 

regular supplier quality systems. In fact, the data from the PO survey 

showed that companies reporting highly effective supplier quality 

systems exhibit the following characteristics:

•	more inclined to have full-time or part-time inspection, and less 
likely to do none at all

•	tend to track their quality effort

•	more likely to track both cost and hours

•	more likely to use staff personnel for inspection instead of agency 
personnel

•	much more likely to have pre-award, pre-inspection, and lessons 
learned meetings
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•	usually conduct a performance rating at the conclusion of the PO 
and use the results

•	use more practices and find more non-conformances in the shop 
as opposed to later in the field.

Simulation Model

The simulation model helps answer the three questions discussed 

above. The answer to the question about the relationship between 

process outcome and the model’s input parameters is that inspection 

capability is more important than process capability. The answer 

to the question of how the input parameters affect the cost of non-

conformance is that process capability is not more important than 

inspection capability. The answer to the question of how a reduction 

of the number of inspection points will affect both process outcome 

and cost, the answer is both process outcome and cost will be strongly 

affected when the number of inspections is reduced.

In addition, the simulation model generates a probabilistic estimate 

of the cost of non-quality, which can be used to estimate the total 

landed cost (TLC), or total delivered cost, from various suppliers. The 

TLC is the purchase price plus other support/oversight costs, including 

transportation, inspection, expediting, clarifications and exceptions to 

the scope, and any other activities required to complete the purchase. 

This can aid companies in supplier selection during the bidding phase of 

projects.

Cross-analysis and Validation

The findings from the team’s qualitative analysis of the structured 

interviews and focus group results align with those of the quantitative 

analysis of the PO survey responses, when the companies reported highly 

effective SQS are segregated from the rest of the sample population. 

While non-conformances are found earlier in the process when best 

practices are utilized, all of the non-conformances are still not always 

found. In order to prevent the non-conformances, supplier practices must 
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also be examined. In other words, control and surveillance processes 

cannot be the only mechanisms utilized. Suppliers must be given 

continuous feedback throughout the PO process to improve supplier 

process capabilities.



19

4

Implementation

Implementation Resource (IR) 308-2, Achieving Zero Rework 

through Effective Supplier Quality Practices, presents several tools for 

implementing the recommendations provided here. After introducing the 

research, this resource discusses the supplier quality processes in detail, 

offering a workflow diagram of the supplier quality work process, an 

accountability matrix of best practices and associated responsibilities for 

owners, contractors and suppliers, descriptions and industry examples of 

supplier quality processes for each project phase, and a supplier “wish 

list” of customer best practices. After this discussion of supplier quality 

processes, IR 308-2 then introduces the research team’s supplier selection 

tool, which is based on Pinsp (inspection capability) and Pfab (supplier 

quality capability). This tool provides a means of adding a projected cost 

for the cost of non-quality to the TLC in bid tabulations. It can also be 

utilized to determine whether the cost of increasing inspection activities 

at a particular supplier facility is worth the investment. The document 

ends with two appendices: the first presents the RT 308 glossary of terms 

and acronyms; and the second discusses TLC, recommending that it be 

included in bid tabulations when several suppliers are competing for a 

single purchase order and each has drastically differing circumstance 

(e.g., distance from project site or performance capability).
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5

Conclusions and Recommendations

The conclusions of the research team include the following:

1.	 The review of literature outside the industry did not uncover any 
work processes not already identified within the construction 
industry.

2.	 The results of the literature review and simulation model do 
not support the commonly held notion that inspection is not an 
effective method of improving manufacturing quality outcomes.

3.	 While the construction industry has identified work processes 
to manage supplier quality, these practices are not applied 
consistently among industry members.

Research Team 308 recommends the following for improving supplier 

deliverables:

1.	 Consistently utilize the supplier quality management practices 
described in detail in Chapter 2 of IR 308-2.

2.	 Utilize the decision support tool presented in Chapter 3 of 
IR 308-2, to project the cost of non-quality and make optimal 
decisions on supplier selection.

This research effort demonstrated that companies reporting more robust 

supplier quality work processes and systems tend to capture defects earlier 

in the manufacturing life cycle, rather than in the field. This early screening 

has a direct impact on the cost and schedule of each project. The earlier 

the inspection, the higher probability that defects will be found early. 

Moreover, working with suppliers in the early stages of projects can help 

ensure that all parties understand product requirements and are prepared 

to deliver on them. While rework due to supplier defects will never be 

totally eliminated, investing in early alignment and inspection of critical 

equipment and materials pays dividends in successful project completion.
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