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Abstract 

Selection of the perfect project delivery system (PDS) for a multi-million downstream and 

chemical (DCC) sector project is not an easy task and is sometimes overlooked in the project 

planning phase. Efficiency within this space is crucial and depends on the Owners priorities and 

goals for the project. Past research has often overlooked the DCC sectors specific market and 

focused on projects in the entire construction realm; this research aims to align project efficiency 

with the selection process of delivery systems in this sector. This study aims to analyze the 

qualitative and quantitative measures resulting from DCC projects and their response to 20 specific 

Owner’s selection criteria. The project delivery systems within the DCC focus on five areas of 

expertise: project management, procurement, engineering, construction management, and 

construction; and have been aggregated into three industry standards of PDSs of: design-bid-build 

(DBB), engineering-procurement-construction (EPC), and construction management (CM). 

The results of this study give individual weights to the 20 selection criteria and help an Owner 

understand which PDS aligns with their specific project goals. Furthermore, paper also gives end-

project performance results based on five performance areas: cost, schedule, project scope and 

complexity, contractor relationship and capabilities, and Owner’s capabilities and preferences. 
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Chapter 1 Introduction 

1.1 Background and Motivation 

 The construction industry is fraught with waste and inefficiencies resulting in projects 

often failing to meet owners’ expectations. It was reported that 40-50% of construction projects 

consistently fell behind their original schedule.  A root cause of poor schedule and cost 

performance is an inherent lack of cooperation and poor selection of project delivery systems.  One 

of the early decisions made by Owners is the selection of project delivery systems. A project 

delivery system outlines the contractual relationship between stakeholders and its timing of 

engagement. A project delivery system is the first step to creating a project team since it dictates 

the number and the types of contracts an Owner signs and the relationships of all parties in the 

project. Contract language is focused on clearly defining the lines of responsibility, 

communication methods, and risk obligations between these stakeholders and is based on the 

delivery system chosen by the Owner. A successful project delivery system arises when the 

contract language and goals of the Owner are aligned and clear to all stakeholders involved. Often 

this cohesion takes place in many different forms based on the type of construction being carried 

out.  

It is often overlooked that different sectors within the construction industry perform in 

different environments, both with qualitative decisions and with performance of key metrics. 

These segments could be anything from hospital projects to oil and gas pipelines. Past research 

tends to look at the industry as a whole and seldom differentiates between different sectors within 

the construction industry. 
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Research (RT-165) commissioned by the Construction Institute Industry (CII) in 2003 

attempted to study the relationship between Owner’s factors and project delivery and contract 

strategies. The purpose of the research was to develop and provide a tool for Owners to use, at the 

initial stage of the project, to help them select the best project delivery system and contract strategy 

for their chosen factors. This research was very beneficial to users, but due to its broad nature, it 

did not differentiate between different construction segments and focused on construction as a 

whole. CII is a consortium of Owners, Engineers, Academics, and Suppliers that focus on industry 

research to facilitate growth and efficiency in the construction industry. Since the conclusion of 

RT-165, CII has realized the importance of differentiating the purpose of construction projects and 

has split their work into five sectors: 

1. Downstream and Chemicals 

2. Facilities and Healthcare 

3. Manufacturing and Life Sciences 

4. Power, Utilities, and Infrastructure 

5. Upstream, Midstream, and Mining 

RT-165 research was initiated and commissioned by Downstream and Chemicals (DCC) 

sector in the CII to further explore and update the findings of RT-165. CII defines the DCC sector 

as the construction sector which “relates to refining, petrochemical, specialty chemical, and 

industrial chemical.” The emphasis of this research on the DCC sector was aligned with their self-

proclaimed goal to “improve capital efficiency by 50% through technological and contractual 

advances” by 2024. This attempt to clarify contractual roles and align Owner goals with overall 

performance will help Owners become more efficient in their initial thought process when 

selecting a project delivery systems. This research will focus on the project delivery system and 
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not the contract strategy associated with different stakeholders because the author found the 

contract types to vary greatly and depend more on the Owner’s relationships with other 

stakeholders than the project goals themselves. 

1.2 Research Statement 

The main purpose of this research is twofold: first to categorize the different delivery 

systems used in the DCC sector and their key performance metrics. Second, to aggregate the data 

collected into three commonly used delivery methods (DBB, CM, DB/EPC) and find the Owner’s 

factors that lead to the best selection between these three systems. 

Due to limited published research projects focused on the DCC sector, it was critical to 

focus solely on projects delivered in this sector. This makes this research one of a kind since it 

combines the important metrics of past studies into a sector that is generally overlooked in 

academic research in the construction industry. This research will also give readers an 

understanding of DCC terminology which is generally very focused on the engineering, 

procurement, and construction phases of a project. 

1.3 Assumptions and Limitations 

• The author assumes there are no regulatory constraints, and all delivery systems are 

available for selection. In some cases, constraints may limit the selection of the preferred 

PDS. 

• Information about contracting strategy was collected but not used in the research, as it is 

variable based on Owner’s risk tolerance and did not follow any calculated trends. 
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1.4 Methodology and Organization 

1.4.1 Methodology 

 The research lifecycle can be split into three phases: exploration, development, and 

analysis. Each phase took almost four months starting in January of 2020. Although this research 

was undertaken during the COVID global pandemic, the support of the UW Madison faculty and 

the CII committee helped this research come to fruition. 

 Exploration encompassed a multitude of committee meetings, independent research, and 

survey iterations. It started with first developing an understanding of past research and what might 

be missing in the DCC sector. It was then necessary to understand the actual experiences of 

industry professionals and how these delivery systems are selected and executed. Finally, with the 

acquired knowledge and many meetings, a survey was created and ready for initial pilot testing. 

 Development started with survey finalization and ended with a set of project data points 

that included Owner’s factors, delivery systems, and performance of projects that were 

fundamental to the completion of this research. The first draft of the survey was delivered only to 

the CII committee as a dry run. After publishing, the data collection phase took two cycles of 

distributions before completion of this phase. 

Analysis allowed the author to uncover the prioritized factors in each delivery system and 

the performance of projects under each PDS. The results of this validation are further explained in 

the continuing text. 

1.4.2 Organization 

 The remainder of this study aims to  inform the reader on the past research on project 

delivery systems and the approach and results achieved by the author. Chapter 2 contains the 

research conducted during the exploration phase. It covers past literature and the gaps that are 
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missing in each of these studies. Chapter 3 dives into the data collected and helps the reader 

understand the scope of this research. It contains all descriptive measures of the data collected and 

the process of organization within the rest of the report. Chapter 4 provides data analysis and goes 

in depth on the methodology used in each phase of the project. Chapter 5 contains the results of 

the data analysis and gives the findings of the research as weights for each Owner factor as it 

correlates to a delivery system. Finally, Chapter 6 is the conclusion which gives the closing 

remarks of the research. It goes in depth into the meaning of the results chapter and what future 

researchers could examine to further develop our understanding of Owner’s decisions in the DCC 

sector. 

  



6 

 

Chapter 2 Literature Review 

The lack of research dedicated to the Downstream and Chemicals sector is one of the main 

drivers for this study. Secondary drivers include the need for qualitative and quantitative metrics 

to understand Owner’s factors, as well as the need for an updated, unified terminology between 

the DCC sector and other research in the construction industry. For the literature review, the author 

deemed it necessary consider research published after 2000 to keep the terminology relevant to 

today’s industry. Appendix C, contains a comprehensive table of all the following pas research; 

showing a summary of the factors and metrics taken into consideration by each study. 

2.1 Past Research 

 "Project Delivery and Contract Strategy” CII-RT-165, initiated in 2001, was the first 

attempt to quantify Owner’s factors. The factors and delivery systems can be found in Table 1 and 

were collected using 67 projects across all sectors of the construction industry. The conclusions 

were presented in an excel tool, into which Owners can input weights of 6 factors that are the main 

drivers of their project.  

RT-165 is the cornerstone of the present research because it laid the foundation on 

expectations set by CII. We were able to follow their relative timeline and procedure in collecting 

data, analyzing data, and giving weights to the factors that most affect a project delivery system 

according to Owners. It is worth noting that the delivery systems and factors in the following table 

were used as the initial factors studied in this research. 
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Table 1: Oyetunji Systems and Factors 

Research 

(year) 

Delivery Systems Factors  

Project 

Delivery and 

Contract 

Strategy 

(2001) 

1. Traditional Design-

Bid-Build 

2. Traditional delivery 

system with early 

procurement 

3. Traditional delivery 

system with Project 

Manager 

4. Traditional delivery 

system with 

Construction 

Manager 

5. Traditional delivery 

system with early 

procurement and 

Construction 

Manager 

6. Construction 

Manager @ Risk 

delivery system 

7. Design-Build (or 

EPC) delivery system 

8. Multiple Design-

Build (or EPC) 

delivery system 

9. Parallel Primes 

delivery system 

10. Traditional delivery 

system with Staged 

Development 

11. Turnkey 

12. Fast Track 

1. Completion within original budget is critical to 

project success. 

2. Minimal cost is critical to project success. 

3. Owner’s cash flow for the project is constrained. 

4. Owner critically requires early (and reliable) cost 

figures, to facilitate financial planning and 

business decisions. 

5. Owner assumes minimal financial risk on the 

project. 

6. Completion within schedule is highly critical to 

project success. 

7. Early completion is critical to project success. 

8. Early procurement of long lead equipment 

and/or materials is critical to project success. 

9. An above normal level of changes is anticipated 

in the execution of the project. 

10. A below normal level of changes is anticipated 

in the execution of the project. 

11. Confidentiality of business/engineering details 

of the project is critical to project success. 

12. Local conditions at project site are favorable to 

project execution. 

13. Owner desires a high degree of control/influence 

over project execution. 

14. Owner desires a minimal level of 

control/influence over project execution. 

15. Owner desires a substantial use of its own 

resources in the execution of the project. 

16. Owner desires a minimal use of its own resources 

in the execution of the project. 

17. Project features are well defined at the award of 

the design and/or construction contract. 

18. Project features are not well defined at the award 

of the design and/or construction contract. 

19. Owner prefers minimal number of parties to be 

accountable for project performance. 

20. Project design/engineering or construction is 

complex, innovative, or non-standard. 
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 “A Guidebook for the Evaluation of Project Delivery Methods” was published in 2009. 

The research was led by the Transit Cooperative Research Program (TCRP) and focused on nine 

railroad projects. Their research concluded with three tiers of decision approaches, which can be 

used by the Owner depending on the phase of the project in which this research will be used. The 

delivery systems in this research are contained within the rest of the literature and can be found in 

appendix C. 

 “Does It Really Matter? What Does the Project Delivery System Bring to the Success or 

Failure of the Project?” carried out by the American Institute of Architects (AIA) in 2012, was 

influential to understanding the three main categories of Design Bid Build, Construction 

Management, and Design Build. This research did not focus on project performance; rather it gave 

a comprehensive definition of the selection criteria for a delivery system. It also further analyzes 

the measures taken to avoid certain risks during the selection of a PDS. In Table 2, the delivery 

systems are further split into the roles within each system and their contractual relationship. 
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Table 2: Appelbaum Systems and Factors 

Research 

(year) 

Delivery Systems Factors  

Does It 

Really 

Matter? 

What Does 

the Project 

Delivery 

System 

Bring to the 

Success or 

Failure of 

the Project? 

AIA (2012) 

1. Design Bid Build 

• Single Prime or General 

Contracting 

• Separate or Multiple 

Prime Contracting 

 

2. Construction Management 

• CM not at risk: 

Construction Manager 

as adviser 

• CM at risk: Construction 

Manager as constructor 

 

3. Design Build 

• Traditional 

• “Bridging” Design 

Build 

1. Legal Constraints (Public vs Private 

Owners) 

2. Funding and Cost Constraints 

3. Timing Constraints 

4. Facility Type 

5. Owner’s Management Profile 

• In-House Expertise, Tolerance for 

Risk and Pre-Existing Relationships 

 

Owners approach to “Design Control” and 

Ability to Resist Making Late Changes 

 

 “Delivering Sustainable, High-Performance Buildings: Influence of Project Delivery 

Methods on Integration and Project Outcomes” was research published by the American Society 

of Civil Engineers (ASCE) in 2013 that focused on the intangible factors that affect the choice of 

a delivery system. The research focused on private projects and their integration of sustainability 

measures, instead of performance of projects. They used 12 LEED certified projects in their dataset 

and were able to compare the three major delivery systems in terms of integration of LEED 

measures in the project performance. The research concluded with the statement that: including a 

contractor early in the project will result in better integration between project members. 

 “Choosing a Project Delivery Method” written by the Design Build Institute of America 

(DBIA) compiled updated factors validated by industry experts that might affect Owners. The 

factors were conveniently split into five categories as shown in Table 3. 
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Table 3: DBIA Categories and Factors 

Research 

(year) 

Category Factors  

Choosing a 

Project 

Delivery 

Method  

DBIA (2018) 

Owner Control • Desire to control design details.  

• Desire to control project outcome.  

• Desire to have control of all prime 

contractors.  

• Desire to empower more innovative project 

solutions.  

• Desire for design excellence.   

Owner Relationships • Desire to have direct relationship with 

designer. 

• Willingness to establish a more professional 

relationship with contractor. 

• Desire to avoid adversarial relationships. 

• Ability to enhance project coordination. 

• Ability to reduce project claims. 

• Desire to integrate the “voice” of the 

contractor in the planning process. 

Project Budget • Adversity to change orders. 

• Need to establish budget at earliest 

possibility. 

• Best value for funds invested. 

Project Schedule  • Timing to establish definitive project scope.  

• Timing to establish definitive construction 

cost.  

• Ability to fast track a project.  

• Total project duration.  

• Desire to avoid delays due to disputes or 

claims. 

Owner Risk • Timing to establish definitive project scope.  

• Timing to establish definitive construction 

cost.  

• Ability to fast track a project.  

• Total project duration. 

• Desire to avoid delays due to disputes or 

claims. 

 

 “Comparative Analysis between Project Delivery Systems through Quantitative 

Assessment of Project Performance” carried out in 2018 by UW Madison was the first research to 

focus on the Integrated Project Delivery (IPD) PDS, while comparing it to the other delivery 



11 

 

systems. IPD is a relatively new term in the industry where all parties have a shared risk pool that 

can be equally beneficial to the parties if projects finish under schedule and under budget. The 

study collected 67 projects in the United States focusing largely on institutional projects and their 

qualitative performance metrics. The authors were able to successfully chart the differences 

between CM, DBB, DB, and IPD to prove which delivery system was more adaptable to different 

performance metrics. After conversations with many experts in the DCC sector, it was evident that 

IPD terminology and use is not currently present in their large-scale projects. For this reason, the 

approach stipulated in this research concerning IPD could not be followed throughout the present 

study. 

“Comparative Performance Assessment of the Wisconsin State Capital Projects” also 

conducted by past UW – Madison researchers focuses its energy on capital projects in Wisconsin, 

meaning all projects were public projects contracted by the government of Wisconsin. The 

research focused on the quantitative performance of the projects and was not limited to any specific 

industry, which helped develop the most statistically sound project score: Project Performance 

Index (PPI) using the qualitative performance factors shown in Table 4. The research was able to 

collect 189 projects and concluding with formulating a PPI score that was very statistically sound. 

This PPI score was one of the few project performance assessments with a relatively low p-value, 

making it a statistically significant formulation that can be accurately relied on. It is worth noting 

that Construction Management at Risk was used in this research since the data collected did not 

include construction management as agent. Also, worth noting is the difference between single 

prime and multiple prime, both subsets of the Design-Bid-Build delivery system that focus on the 

number of general contractors utilized in project delivery. Both deviations are not generally 
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followed in the DCC sector and were therefore not included in the project delivery types in the 

current research. 

Table 4: Labib Systems and Factors 

Research 

(year) 

Delivery Systems Factors  

Comparative 

Performance 

Assessment 

of the 

Wisconsin 

State Capital 

Projects 

(2019) 

1. Design Build 

2. Construction 

Management at Risk 

(CMAR) 

3. Single Prime 

4. Multiple Prime 

• Project Percent Change 

• Schedule Growth 

• Schedule Factor 

• Number of Construction Change Orders per 

Million Dollars 

• Number of RFIs per Million Dollars 

• RFI Processing Time 

• Construction Speed 

• Delivery Speed 

 

“Factors affecting the choice of construction project delivery in developing oil and gas 

economies,” conducted by Architectural Engineering and Design Management in 2016, was the 

most interesting paper leading up to this project since it focused on comprehension of crucial 

factors in the decision-making phase of the DCC sector. The team gathered 133 interviews with 

industry experts and used PCA analysis to reduce their 48 variables into the six main categories 

shown in Table 5. Although it was purely qualitative, it gave ground to the present research team 

to start investigating which factors affect the CII committee, as well as a statistical approach to 

reducing factors. The reduction of factors was important to the current research, since it allowed 

for a similar method to be used to limit the categories analyzed due to the high number of variables 

collected. 
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Table 5: Martin Systems and Factors 

Research 

(year) 

Delivery Systems Factors  

Factors 

affecting the 

choice of 

construction 

project 

delivery in 

developing 

oil and gas 

economies 

(2016) 

Not focused on in this 

research 

1. Owner’s Control over the Design 

2. Project Type and Client Familiarity 

3. Finance and Payment Method 

4. Project Scale (Scope and Cost) 

5. Contract and Risk 

6. Time Constraints 

 

These were accumulated from 48 different 

variables. 

 

2.2 Research Limitations and Gap 

By reviewing Section 2.1 above, it is evident that there is a major gap in the DCC sector 

since Martin’s study is the only one focused solely on the DCC sector. However, the research only 

collected opinion-based surveys by experts which did not translate into the performance metrics 

of DCC projects. The remaining research stated above did not focus on differentiating specific 

sectors; rather, they focused solely on project performance and did not seek to understand the 

Owner’s preferences and factors at the initiation of the construction projects. 

The current project aims to accomplish two things that are missing in research in the 

construction industry. First, it focuses solely on projects in the DCC sector, given their different 

use of terminology and contracting methods. The ability to “translate” DCC terms into common 

project delivery systems will help ease communication between different sectors, as more 

contractors and engineers work on a vast array of projects. Second, it not only looks at the project 

performance, but attempts to tie it to an Owner’s decisions before starting the project. This allows 

for a cohesive combination of qualitative and quantitative measures in the research that might help 

bridge the gap between pre-construction choices and final performance of a project.  
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Chapter 3 Data Overview 

The limitation in the DCC sector is generally due to the little involvement of the DCC 

industry in the research realm. Data is generally difficult to collect and due to the large scope of 

DCC sectors, it is hard to get a complete picture of the industry. In order to collect this data, the 

author reached out through many streams of communication and survey distributions. The author 

collected projects from different international companies due to the international nature of the 

DCC sector.  

This chapter attempts to achieve two main objectives: first to explain the different 

qualitative and quantitative factors the author collected during the survey collection period, and 

second, to report the data results that were used at the conclusion of the research. 

3.1 Data Variables 

 Variables studied in the research were both qualitative and quantitative in nature. In the 

subsequent chapters, an in-depth description of the different data collected will be further studied. 

In short, qualitative data contains data on Owner’s preferences, project delivery systems, and 

project description, while quantitative data contains data on project performance. 

3.1.1 Qualitative Data 

 The qualitative data collected in this research ranges from explanatory data to evaluator 

data. Explanatory data gives facts about the project, such as location, Owner, and delivery system 

used. Evaluator data focuses on the evaluation techniques a responder might have such as Owner’s 

reasoning, relationships, and weight given to such factors. The present research will attempt to 

explain the variables to draw a conclusion for the project delivery system (PDS) used and the 

Owner’s Factors affecting these systems. In the quantitative section, these systems will be analyzed 

in terms of their performance based on different evaluation metrics. 
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3.1.1.1 Project Delivery Systems 

 Due to the Engineering-Procurement-Construction (EPC) centric terminology of the 

Downstream and Chemicals Sector, meaning, the project delivery system was introduced as a 

combination of different roles within the EPC framework and not as an independent delivery 

system. Most DCC projects are comprised of the following five roles: project management, 

engineering, procurement, construction management and construction. These responsibilities can 

be defined as follows: 

• Project management – responsible for the schedule and cost control, change management, 

and safety. Generally, has a larger scope of work than the construction manager and is 

responsible for the relationships between different entities in the project. 

• Engineering – responsible for the design, RFI responses, variations, change orders, scope 

of change and construction administration to design. 

• Procurement – responsible for the buying and scheduling of major equipment and supplies 

throughout the lifecycle of the project. 

• Construction Management – responsible for the day-to-day construction oversight. 

Regulating the contractors’ schedule and sequence, layout, managing of contractor 

resources, and site management and risk management plans. 

• Construction – the day-to-day field work of construction of the project. 

In some cases, more than one role can be carried out by a specific stakeholder in the project, 

and for the remainder of this paper, the roles and responsibilities are split in this method. The 

author was able to conclude that these splits of responsibility led to the creation of similar project 

delivery strategies including: Design-Bid-Build, Construction Management, and Design-Build 
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projects. Therefore, the different delivery systems within the DCC sector can be aggregated into 

those three buckets and analyzed together. 

When aggregated to the delivery systems most used in the DCC sector, more than one role can 

fall on one party, and the following Figures further detail each parties’ responsibility within the 

delivery system: 

Entity 
 

Role 
 

Official Relationship  

Unofficial Relationship  

  

O Owner responsible for project management 

  

PMC 
Project management firm responsible for project 

management 

  

E Firm responsible for engineering 

  

P Firm responsible for procurement 

  

Cm Firm responsible for construction management 

  

C Firm responsible for construction 

  

PC 
Firm responsible for procurement and 

construction 

  

EP 
Firm responsible for engineering and 

procurement 

  

EPCm 
Firm responsible for engineering, procurement, 

and construction management 

  

EPC 
Firm responsible for engineering, procurement, 

and construction 
Figure 1: Legend 
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Figure 2 shows PDS 1: O + E + P + Cm + C. In this project delivery system, the Owner is 

self-reliant when it comes to the project management process, which is generally a subcategory 

of the construction management system known in literature. The Owner then signs four 

contracts: one with an engineering firm, one with a procurement firm, one with a construction 

management firm and one with a general contractor. Each firm is responsible respectively for 

their role, while having an unofficial relationship between each other. There is usually contract 

language that dictates the type of relationship these entities have with each other.

 

Figure 2: PDS 1 Diagram 

  



18 

 

Figure 3 shows PDS 2: O + E + P + C which is generally a subcategory of the design-bid-

build delivery system known in the literature. In this project delivery system, the Owner is self-

reliant when it comes to the project management and construction management process. The 

Owner then signs three contracts: one with an engineering firm, one with a procurement firm, 

and one with a general contractor. Each firm is responsible respectively for their namesake, and 

each entity has an unofficial relationship between each other dictated by the contract language

 

Figure 3: PDS 2 Diagram 
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Figure 4 depicts the relationships in PDS3: O + E + PC; it is generally a subcategory of the 

design-bid-build delivery system known in the literature. In this project delivery system, the Owner 

is self-reliant when it comes to the project management and construction management process. 

The Owner then signs two contracts: one with an engineering firm and one with a general 

contractor. The engineering firm is responsible for the engineering portion of the project. A distinct 

difference is that the general contractor is also responsible for the procurement of the project’s 

large materials and long-lead items in addition to the construction process. There exists an 

unofficial relationship between the engineering firm and the general contractor to guarantee quality 

in the project and account for any deviances in the design. There is usually contract language that 

dictates the type of relationship these entities have with each other. 

 

Figure 4: PDS 3 Diagram 
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Figure 5 showing the relationships in PDS 4: O + EP + Cm + C is generally a subcategory 

of the construction management system known in the literature. The Owner signs three different 

contracts, one for procurement and engineering, another for the construction management, and a 

third for the construction itself. The engineering firm must maintain a relationship with the 

construction manager and the general contractor throughout the project both for details in the 

project, as well as for the procurement times and scheduling. The construction manager’s authority 

in overseeing the contractor may or may not be officially written in the contract, but it is generally 

always implied. The Owner is still responsible for the project management throughout and 

sometimes is responsible for the collaboration between the different parties. 

 

Figure 5: PDS 4 Diagram 
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The most popular delivery system in the DCC sector is PDS 5: O + EP + C depicted in 

Figure 6 is a subcategory of the design-bid-build delivery system known in the literature. In this 

project delivery system the Owner is self reliant when it comes to the project management and 

construction management process. The Owner then signs two contracts: one with an 

engineering/procurement firm, then another with a general contractor. The engineering firm is 

responsible for the engineering and all procurement of the project. The general contractor is solely 

responsible for the construction of the project. There tends to be an unofficial relationship between 

the contracting and engineering firm in order to keep the project deliverables on the right path. It 

tends to fluctuate based on the Owner, the type of relationship, and whether it is within the contract 

or not. 

 

Figure 6: PDS 5 Diagram 
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Figure 7 depicted in PDS 6: O + EPCm + C is generally a subcategory of the EPC or 

design build delivery systems, where the Owner is self reliant with the project management 

process. The Owner then signs two contracts: one with an engineer/procurement firm, then 

another with a general contractor. This differentiates from PDS 5 in that the engineering firm 

takes the construction management responsibility off the Owners, in addition to the typical 

engineering and procurement of the project. The general contractor is responsible for the 

construction only. The unofficial relationship in this delivery system is generally more concrete 

due to the direct relationship between the construction management activities and the 

construction activities and the quality assurance between them. 

 

Figure 7: PDS 6 Diagram 
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The only project delivery system with one contract, PDS 7: O + EPC is outlined in Figure 

8; it is generally a subcategory of thE EPC or design-build delviery system. In this project 

delivery system the Owner self performs the project management and construction management 

process. The Owner signs a single contract with an engineering/procurement/contracting (EPC) 

firm. 

 

Figure 8: PDS 7 Diagram 
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The remainder of the delivery systems include a project management firm as shown in 

Figure 9 depicting PDS 8: PMC + E + P + C, a subcategory of the design-bid-build system. In 

this project delivery system the Owner signs a contract with a project management consultant 

(PMC) to perform the project and construction management process. The Owner then signs three 

contracts: one with an engineering firm, one with a procurement firm, and one with a general 

contractor. Each firm is responsible respectively for their namesake, while having an unofficial 

relationship between each other. There is usually contract language that dictates the type of 

relationship these entities have with each other, in which the project management firm is 

generally responsible for the majority of the project as an agent of the Owner. 

 

Figure 9: PDS 8 Diagram 
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PDS 9: PMC + E + PC, shown in Figure 10, begins with the Owner sigining a contract with 

a project management consultant (PMC) to perform the project and construction management 

process. This is generally a subcategory of the design-bid-build delivery system known in the 

literature. The Owner then signs two contracts: one with an engineering firm and one with a general 

contractor. The engineering firm does the engineering, while the contractor does both the 

procurement and the construction under the supervision of the PMC. The PMC also regulates the 

unofficial relationship between the different entities under the contract language’s provision. 

 

Figure 10: PDS 9 Diagram 
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Figure 11 shows PDS 10: PMC +  EPCm + C is a subcategory of the EPC or design-build 

delivery systems. In this project delivery system the Owner signs a contract with a project 

management consultant (PMC) to perform the project management process. The Owner then signs 

another contract with an engineer/procurment/contracting (EPC) firm. It is worth noting that the 

EPC firm here does not carry out the actual construction of the project, a general contractor is 

signed on to fill the responsibility of construction. There tends to be an unofficial relationship 

between the EPC firm and the PMC in order to keep the project deliverables on the right path. The 

relationship between the PMC and the Contractor tends to fluctuate based on the owner, the type 

of relationship and whether it is within the contract or not. 

 

Figure 11: PDS 10 Diagram 
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Figure 12 depicts the final delivery system, PDS 11: PMC + EPC, a subcategory of the 

EPC or design-build delivery system. In this project delivery system the Owner signs a contract 

with a project management consultant (PMC) to perform the project and construction management 

process. The Owner then signs another contract with an engineering/procurement/contracting 

(EPC) firm. The EPC firm is repsonsible for the engineering, procurement and construction of the 

project. There tends to be an unofficial relationship between the EPC firm and the PMC in order 

to keep the project deliverables on the right path. 

 
Figure 12: PDS 11 Diagram 
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After the data was collected, the delivery systems were aggregated into three traditional 

systems: Design Build (DB/EPC), Construction Management (CM), and Design-Bid-Build (DBB) 

as shown in Table 6. The aggregation was dependent on the contracts signed in each delivery 

system; for example, the two delivery systems that had a specific Construction Manager are 

defined under the CM category. The biggest difference between DB/EPC and DBB is the role of 

the engineering firm and whether it was responsible for any construction related activities or not, 

if the engineer was required to do any construction it would be under the DB/EPC delivery system. 

Table 6: Aggregation of PDS Options 

Project 

Delivery # 

Project 

Management 
Engineering Procurement 

Construction 

Management 
Construction 

6 Owner EPCm C 

7 Owner EPC 

10 PMC EPCm C 

11 PMC EPC 

1 Owner E P Cm C 

4 Owner EP Cm C 

2 Owner E P C 

3 Owner E PC 

5 Owner EP C 

8 PMC E P C 

9 PMC E PC 

Legend DB / EPC CM DBB 

 

3.1.1.2 Owner’s Factors 

To understand the reason an Owner selects their delivery system, the author selected the most 

influential driving factors when making the decision. The factors were first collected as a study of 

the past research in this field. The author was then able to filter these factors into the ones that best 

represent a typical project Owner in the DCC. The factors were characterized under five distinct 

categories:  
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• Cost 

• Schedule 

• Project Scope and Complexity 

• Contractor Relationship and Capabilities 

• Owner’s Capabilities and Preferences 

The survey respondents were asked to rank the importance of these categories during pre-

construction on a scale from zero to 100, zero meaning not important and 100 meaning very 

important. Each category contained a set of factors that could have guided the Owner during the 

pre-construction phase to help select the PDS option they used. These categories and factories can 

be seen in Table 7 below: 

Table 7: Categories and Factors 

Category Factors 

Cost 

The Owner wants a predictable cost 

The Owner wants a competitive cost 

Owner’s cash flow is constrained 

The Owner preferred lower lifecycle costs 

Schedule 

Completion within schedule is highly critical to project success 

Early completion is critical to project success 

Early procurement is critical to project success 

Project 

Scope and 

Complexity 

The scope was well developed 

Project complexity influenced the decision of the project delivery system 

Above normal level of changes were anticipated in the execution of the project 

The Owner had previous experience in the technology, location, and scope of the 

project 

Contractor 

Relationship 

and 

Capabilities 

The Owner had capability to execute the entirety of the work 

The Contractor had capability to execute the entirety of the work 

The Owner preferred a minimal number of parties to be accountable for the 

project performance 

Contract size could have been handled by one entity 

Early involvement of parties was critical to the project success 

Owner’s 

Capabilities, 

Preferences 

and 

Organization 

The Owner had the capability and resources to engineer the project 

The Owner had the capability and resources to procure for the project 

The Owner had the capability and resources to construct for the project 

The Owner had the capability and resources to manage the project 

The Owner required the assistance of a project manager 
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3.1.2 Quantitative Data 

To fully grasp the performance of each delivery system, the author was able to acquire 

quantitative data on the major key performance indicators (KPI’s) in the construction industry for 

each project. These indicators were categorized into six performance sections, further discussed 

below: 

• Cost Performance 

• Labor Productivity 

• Schedule Performance 

• Safety Performance 

• Quality Performance 

• Communication Performance 

3.1.2.1 Cost Performance 

Costs in a construction project include different metrics such as the baseline cost, 

construction contingency, actual cost, and net value of approved changes. The following factors 

were collected from the projects analyzed: 

1. Baseline cost – cost first estimated by the contractor, considered “As Sold” or 

“Authorized for Expenditure (AFE).” 

2. Construction contingency – the amount of money put to overcome any construction 

risk that might occur during the construction phase. 

3. Actual cost – the final cost of construction after the project is complete. 

4. Net value of approved changes – the dollar value of change orders accepted by the 

Owner. 
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3.1.2.2 Labor Productivity 

To understand why a project might be taking longer than intended, the productivity of the 

labor force must be clearly measured and collected as defined in the productivity variables defined 

below: 

1. Budgeted construction labor hours – this is set at the start of the project as an estimate. 

2. Construction labor cost – cost of construction labor in a contract. Due to some contracts 

that do not require labor hours to be measured, the Contractor gives the Owner labor 

cost instead of labor hours. 

3. Total construction labor hours – the total construction labor hours at completion; if only 

construction labor cost was given, the Owner does not receive the actual labor cost 

since they are contracted with the original cost and not a rate of labor. 

3.1.2.3 Schedule Performance 

 Schedule can sometimes be more crucial to an Owner than the cost of a project. Although 

each project has a projected finish time, there tends to be consistently late projects in the 

construction industry due to accepted delays, incidents, or internal delays from the Contractor. The 

factors analyzed for schedule performance include: 

1. Planned start date. 

2. Planned end date. 

3. Actual start date. 

4. Actual end date. 

3.1.2.4 Safety Performance 

One of the key factors to any project is site safety. Although safety has become an industry 

standard in the United States, there is still a lack of awareness of its criticality in implementation 
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internationally. Based on these conditions, the author deemed it necessary to collect the following 

safety factors from the Contractors: 

1. Occupational Safety and Health Administration (OSHA) recordable cases – number of 

cases that must be reported to OSHA during the lifetime of a project. For international 

projects outside OSHA purview, other accident reports were utilized. 

2. Lost-Time Injuries – number of injuries that resulted in a worker not being able to work. 

3. Safety risk – opinion based question on the difference in safety between selected project 

and other similar projects. 

4. Fatalities – given the graveness of this, any project with a fatality is an unsuccessful 

project. 

3.1.2.5 Quality Performance 

 It is hard to measure quality since it is generally thought of as a subjective matter, but in 

construction, quality can be measured by the amount of repeated work resulting from rejected 

quality control claims. The best way to represent this numerically is as follows: 

1. Number of drawing revisions – this is the engineers’ responsibility, and it shows whether 

the design was of high quality early on or not. More revisions tend to indicate low quality 

design by the engineers. 

2. Non-conformity reports (NCRs) – the NCRs account for tasks that do not adhere to the 

original engineered designs. 

3. Percentage rework – relative percent of work redone due to its quality. 

4. Approved change orders – number of changes created by the Owner/engineer team that the 

contractor and Owner were able to agree on in terms of cost and scope of work. 
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3.1.2.6 Communication Performance 

 Communication between all parties involved is crucial to a smooth flowing project, and it 

was critical to understand whether these variables affected the performance of the project or not. 

The communication variables studied were: 

1. Number of Request for Information (RFI’s) – a request for clarification from the contractor 

to the engineer. 

2. Average RFI processing time – the timeliness in which the engineer responds to the 

contractor. 

3.1.2.7 Combined metrics 

To fully grasp all these numbers, the construction industry has coined different terms that 

can give key performance indicators of a project without diving deep into each metric stated above. 

The metrics that were calculated for this research are shown in Equations 3.1-3.10: 

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 𝐺𝑟𝑜𝑤𝑡ℎ =  
𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 − 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐶𝑜𝑠𝑡

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐶𝑜𝑠𝑡
 3.1 

𝐵𝑢𝑑𝑔𝑒𝑡 𝐹𝑎𝑐𝑡𝑜𝑟 =  
𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐶𝑜𝑠𝑡 + 𝑁𝑒𝑡 𝐴𝑝𝑝𝑟𝑜𝑣𝑒𝑑 𝐶ℎ𝑎𝑛𝑔𝑒𝑠
 3.2 

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑆𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝐺𝑟𝑜𝑤𝑡ℎ =  
𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 − 𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛

𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛
 3.3 

𝑆𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛

𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 + 𝑆𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝐴𝑝𝑝𝑟𝑜𝑣𝑒𝑑 𝐶ℎ𝑎𝑛𝑔𝑒𝑠
 3.4 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 =  
𝐵𝑢𝑑𝑔𝑒𝑡𝑒𝑑 𝐿𝑎𝑏𝑜𝑟 𝐻𝑜𝑢𝑟𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝐿𝑎𝑏𝑜𝑟 𝐻𝑜𝑢𝑟𝑠
 3.5 

𝑂𝑆𝐻𝐴 𝑅𝑒𝑐𝑜𝑟𝑑𝑎𝑏𝑙𝑒 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑅𝑎𝑡𝑒 =
𝑂𝑆𝐻𝐴 𝑅𝑒𝑐𝑜𝑟𝑑𝑎𝑏𝑙𝑒 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑡𝑠 ∗ 200,000

𝐴𝑐𝑡𝑢𝑎𝑙 𝐿𝑎𝑏𝑜𝑟 𝐻𝑜𝑢𝑟𝑠
 3.6 

𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟𝑠 𝑝𝑒𝑟 $ 𝑀𝑖𝑙𝑙𝑖𝑜𝑛 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 𝑖𝑛 𝑀𝑖𝑙𝑙𝑖𝑜𝑛𝑠
 3.7 
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𝐿𝑜𝑠𝑡 𝑇𝑖𝑚𝑒 𝐼𝑛𝑗𝑢𝑟𝑖𝑒𝑠 𝑝𝑒𝑟 $ 𝑀𝑖𝑙𝑙𝑖𝑜𝑛 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝑜𝑠𝑡 𝑇𝑖𝑚𝑒 𝐼𝑛𝑗𝑢𝑟𝑖𝑒𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 𝑖𝑛 𝑀𝑖𝑙𝑙𝑖𝑜𝑛𝑠
 3.8 

𝑅𝐹𝐼′𝑠 𝑝𝑒𝑟 $ 𝑀𝑖𝑙𝑙𝑖𝑜𝑛 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝐹𝐼′𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 𝑖𝑛 𝑀𝑖𝑙𝑙𝑖𝑜𝑛𝑠
 3.9 

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑆𝑝𝑒𝑒𝑑 =  
𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡

𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛
 (in thousand dollars per day) 3.10 

Finally, to combine all these metrics into a singular score to adequately compare different projects’ 

performances, the author utilized Labib’s equation (Labib 2019) that gives a Project Performance 

Index (PPI) shown in Equation 3.11:  

𝑃𝑃𝐼 𝑆𝑐𝑜𝑟𝑒 =  −1.01 ∗ 𝑅𝐹𝐼 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 − 0.219 ∗ 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐶ℎ𝑎𝑛𝑔𝑒 − 0.241

∗ 𝑆𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝐺𝑟𝑜𝑤𝑡ℎ − 0.022 ∗ 𝑆𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝐹𝑎𝑐𝑡𝑜𝑟 − 0.014

∗ # 𝑜𝑓 𝑅𝐹𝐼′𝑠/$𝑀𝑖𝑙𝑙𝑖𝑜𝑛 − 0.019 ∗ # 𝑜𝑓 𝐶ℎ𝑎𝑛𝑔𝑒
𝑂𝑟𝑑𝑒𝑟𝑠

$𝑀𝑖𝑙𝑙𝑖𝑜𝑛
+ 0.005

∗ 𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑆𝑝𝑒𝑒𝑑 + 0.011 ∗ 𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑆𝑝𝑒𝑒𝑑 + 5.360 

3.11 

It is worth noting that the percentage change is the construction cost growth, and the authors 

combined the delivery speed and construction speed metric into a singular value. This caused the 

value of construction speed in this research to be 0.016 due to the focus on construction phase only 

in this research.  

3.2 Data Description 

Data collection was a challenge for the author throughout the period of collection, due to 

the global COVID-19 pandemic that took place throughout the lifetime of the research, and 

reaching professionals was much more difficult than anticipated. During the data collection period, 

the author reached out through CII and other channels to incorporate as many DCC sector projects 

as possible into the research. Although a sufficient number of responses was reached, it was only 

after the data auditing phase that the author found many unusable responses due to lack of 
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information or confidentiality issues. Fortunately, the Downstream and Chemical Sector 

professionals were cooperative enough to provide complete data on 43 projects from around the 

world. The 43 projects were then broken down as shown in Table 8: 

Table 8: Number of Projects per PDS 

Project 

Delivery 

System # 

Project 

Management 
Engineering Procurement 

Construction 

Management 
Construction 

# of 

Projects 

6 Owner EPCm C 5 

7 Owner EPC 4 

10 PMC EPCm C 3 

11 PMC EPC 7 

1 Owner E P Cm C 1 

4 Owner EP Cm C 3 

2 Owner E P C 4 

3 Owner E PC 2 

5 Owner EP C 11 

8 PMC E P C 2 

9 PMC E PC 1 

Legend DB / EPC CM DBB 

 

The aggregation of the data resulted in 19 EPC projects, 4 CM projects, and 20 DBB 

projects. Due to the large number of qualitative and quantitative variables (84) required to 

complete comprehensive data analysis, the different delivery systems were combined after the 

conclusion of the survey. Figure 13 shows the distribution of the delivery systems by percentage 

of project points collected. 
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Figure 13: PDSs as Percentages 

Due to the international nature of the committee involved, the projects were not central to 

the United States as shown in Figures 14 and 15. The majority (64%) of the projects were within 

the United States, while Saudi Arabia had the second most projects submitted (19%). The projects 

in the United States were well distributed across major Oil and Gas cities which makes the spread 

of the locations encompass all types of projects in the DCC sector. 

 

Figure 14: Map of Projects 

EPC

44%

DBB

47%

CM

9%
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Figure 15: Projects by Country 

The projects had a healthy mix between public and private. Private projects are constructed 

under the authority of a private company, while public projects are constructed under the authority 

of governmental figures. Figure 16 shows the distribution of Owner types. 

 

Figure 16: Owner Split Type 

Figure 17 shows the project categories; it is a healhty mix as there are an almost even 

number of greenfield, brownfield, and modernization projects. Brownfield projects are 

constructed on previously developed land, while greenfield are on new land. It is inherit that 

large, DCC projects are generally not expansion projects and that might be the reason why only 

four projects fall under that category. 
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Figure 17: Project Category 

In order to fully comprehend the Owner’s choice of factors that affect the project delivery 

system, it was necessary to understand the original business objectives of the project. The 

categories were split into either commercial or regulatory projects. To better understand the spread 

of project objectives within these two categories, Figure 18 shows the number of projects for each 

objective. It is worth noting that the difference between Commercial – Growth and Commercial – 

Business / Productivity Improvement is that growth are projects for consumers and business, while 

productivity improvement is for internal improvement of the company. 
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Figure 18: Project Objectives 

Of the 43 projects, only two were completed before 2010 while the rest are more recent 

projects, with most having been completed in 2019. This gives the author assurance that the 

projects are all recent enough to accurately portray the current construction market. 

The average actual cost of a project was $702,631,137.83. The spread of the project costs 

is shown in Figure 19, with many of the projects being less than $50 million. Fortunately, this 

creates a good spread that might encompass all types of DCC projects in the future. 

 

Figure 19: Project Costs 

22

10

6
5

0%

10%

20%

30%

40%

50%

60%

Commercial –
Growth

Commercial –
Maintain / Sustain

Commercial –
Business / 

Productivity 
Improvement

Regulatory
Compliance

P
er

ce
n

ta
ge

 o
f 

To
ta

l P
ro

je
ct

s

26

11 11

5

0%

5%

10%

15%

20%

25%

30%

35%

40%

Less than $50 Mil $50 Mil to $250
Mil

$250 Mil to $1 Bil Greater than $1
Bil

P
er

ce
n

ta
ge

 o
f 

To
ta

l P
ro

je
ct

s



40 

 

The average duration of the projects was 22.35 months from beginning of construction 

until substantial completion. There were projects as short as 4 months and others that ran up to 60 

months. This gave the author the confidence in variability of the data set. The spread of different 

durations is shown in Figure 20 and is clearly a positive approach to having a comprehensive 

understanding of the different project types. 

 

Figure 20: Project Durations 

The data collected was sufficient in encompassing a broad spectrum of the Downstream 

and Chemicals Sector. With projects ranging in size, location, completion time, and project 

delivery system, this was then further analyzed to find the performance of different delivery 

systems as well as the factors that Owners might prefer when selecting them. 
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Chapter 4 Methodology 

 The three main phases of the research included the survey formulation, the data collection 

period, and the statistical analysis. The survey formulation period included many iterations of the 

survey distributed among the CII committee focus group. The data collection period included two 

major distribution periods among global DCC sector companies. Finally, the statistical analysis 

period utilized principal component analysis (PCA) to match the high number of factors to the 

number of surveys available. Figure 21 shows the different steps taken in each period of 

development. 

 

Figure 21: Methodology 

4.1 Survey Formation 

In order to collect proper data, the survey formulation period started with the literature 

review cited in Chapter 2 of this research. The survey was split into two categories: qualitative and 

quantitative measures. The quantitative measures were simple to collect and came from industry 

key performance indices as shown in Chapter 3. The qualitative measures required a more 

collective effort that included past research, talking with Owners, and committee input. 

The qualitative measures could further be split into two main sub-categories (other than the 

basic project information): the project delivery system and the factors that affect Owners. The 
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author started with a comprehensive list of delivery systems from the building construction 

industry, but after a committee meeting, it was evident that the Downstream and Chemicals Sector 

specifies project delivery in a completely different way and focus on the project activities only. 

The PM-E-P-Cm-C split was then spread on all 24 different combinations of stakeholder 

responsibilities in order to not exclude any niche delivery system used. At first, the author left the 

options open on the survey as to see which delivery systems were most utilized in the industry. 

Then, after the focus group testing of the survey, the delivery systems were consolidated into the 

11 delivery systems outlined in Chapter 3. 

The next effort was that of the Owner’s factors. A list of Owner factors was developed 

from a literature review of previous research. The original list included 45 factors; however, after 

meetings with the committee and a grand committee meeting, the final list was comprised of 20 

factors that best represent the Owner’s input to a project in a concise, DCC sector focused matter. 

4.2 Data Collection Effort 

 After survey revision based on feedback from the focus group, the survey was published 

to a broader audience. The collection of data was efficient during the first few distribution cycles, 

but due to the global pandemic of COVID-19, the collection become more difficult to acquire. At 

a point, the author had collected only 43 surveys. A second distribution wave was carried out after 

data auditing for two reasons: to collect more data points and to retrieve missing information from 

the surveys previously collected. This ultimately amounted to a total number of surveys collected 

of 66, 43 of which were complete and could be used for statistical analysis. 

4.3 Statistical Analysis 

 After filtering out incomplete surveys, it was time to start statistically analyzing the survey 

data. The essential aim in this phase was to establish a formula to predict the score for each PDS 



43 

 

based on user's choice of factors and weights on each category. The PDS with the highest score 

was then selected as the delivery method for the project. The limited number of observations under 

each PDS caused the sample size to be too small to carry out linear regression. In order to improve 

the accuracy of the prediction, the PDS choices were aggregated into the three groups of CM, 

DBB, and EPC and each of these were treated individually. 

After aggregating the PDS’s, the scaled score for every observation was calculated using 

Equation 4.1. For each observation (denoted by Observation i), Weighted Factor (denoted by WFi,j) 

is directly calculated by Equation 4.2 from its corresponding PDS selection factor (denoted by Fi,j) 

and weight (denoted by Wi,k) for the category in which the factor Fi,j is. 

𝑆𝑐𝑎𝑙𝑒𝑑 𝑆𝑐𝑜𝑟𝑒𝑖 =  
𝑆𝑐𝑜𝑟𝑒𝑖 − 𝑆𝑐𝑜𝑟𝑒𝑚𝑖𝑛

𝑆𝑐𝑜𝑟𝑒𝑚𝑎𝑥 − 𝑆𝑐𝑜𝑟𝑒𝑚𝑖𝑛
 4.1 

𝑊𝐹𝑖,𝑗 =  𝑊𝑖,𝑘  ×  𝐹𝑖,𝑗 4.2 

 

The remaining work was meant to build a regression model. The Scaled Score was treated 

as the response variable while the Weighted Factors were treated as explanatory variables. 

Although we have aggregated data into three groups, the data points in each group were still less 

than the explanatory variables from the survey. So, in order to build a model, the author had to 

reduce the number of parameters (which typically is equal to the number of explanatory variables 

plus 1) without excluding any factors during the process. Thus, Principal Components Regression 

(PCR) was appropriate. PCR is a method in which explanatory variables (Owner’s factors) can be 

aggregated on a multi-dimensional plane and treated as one combined weight. This allowed the 

author to statistically differentiate between each delivery system by giving individual weights to 

each factor. It is worth noting that PCR is a method developed based on Principal Component 
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Analysis (PCA). In order to achieve this analysis, the author used Rstudio (R) which is a software 

that allows for the PCA analysis to be evaluated quickly and efficiently. 

The use of PCA analysis allowed the author to formulate weights for the different factors 

that differentiate the delivery systems when calculated. Through the use of back testing and 

validation, it was evident that the PCA analysis was successful, and the most suitable delivery 

system was the one that was generally aligned with the factors chosen for specific test projects. 

More details on this process can be found in appendix B. 
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Chapter 5 Results 

In this chapter, the results of the data collection for each delivery system will be further 

expanded as it pertains to the different metrics introduced in Chapter 3. A comprehensive 

weighting system for each aggregated delivery system based on the Owner’s factors and the PPI 

score will also be provided. Finally, an example of the organizational process that takes an Owner 

from the aggregated delivery system to the PDS will be provided in the conclusion of this chapter. 

5.1 Quantitative Results 

To statistically analyze any delivery system, the author deemed it necessary to have at least 

four projects to create a complete boxplot visual of the performance metric. The number of projects 

can be seen in Table 9, and only delivery systems 2, 5, 6, 7, and 11 could be analyzed based on 

their quantitative performance in: Cost, Schedule, Project Scope & Complexity, and Project 

Stakeholders’ Relationships. 

Table 9: Number of Project Points 

Project Delivery 

System # 

Project Delivery 

System Name 

# of Projects 

6 O + EPCm + C 5 

7 O + EPC 4 

10 PMC + EPCm + C 3 

11 PMC + EPC 7 

1 O + E + P + Cm + C 1 

4 O + EP + Cm + C 3 

2 O + E + P + C 4 

3 O + E + PC 2 

5 O + EP + C 11 

8 PMC + E + P + C 2 

9 PMC + E + PC 1 

Legend DB / EPC CM DBB 

 

ANOVA one-way testing was used on all the performance metrics in the remainder of the 

chapter, and due to the limited number of data points, most p-values do not carry any significant 
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weight. It should also be noted that only four projects were collected from the CM delivery system, 

and will not be analyzed individually, but will be combined and used in the PCA analysis in Section 

5.2.   

5.1.1 Cost  

 Cost is generally the first metric any Owner might analyze. In order to get a comprehensive 

understanding of the performance of a project in terms of cost, the author analyzed construction 

cost growth and budget factor. The first thing Owners consult after a project is complete is the 

construction cost growth shown in Figure 22. It is generally the ratio between the original cost 

estimate and the aditional cost to complete the project as shown in Equation 5.1. 

 

Figure 22: Construction Cost Growth Boxplot 

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 𝐺𝑟𝑜𝑤𝑡ℎ =  
𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 − 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐶𝑜𝑠𝑡

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐶𝑜𝑠𝑡
 5.1 

It is clear that using PDS 2 is most consistent with a lower cost growth due to a low median 

around 0.7. All other medians are above 10, meaning the projects in PDS 2 tend to have a lower 
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ratio of added costs to baseline cost. This may be due to the split of different roles that creates a 

competitive atmosphere in the bidding phase of the project. Additionally, costs are saved when the 

Owner is self-performing the project management and construction management of the project. 

The highest median is that of PDS 7 which might be caused by the total control of the 

project by one entity without any checks and balances. This becomes cost extensive when the 

Owner wants changes in the design because that one entity has complete freedom in estimating 

the changes and generally charges more than the original unit measures. 

The application of changes and their cost repercussions is made clearer in the Budget 

Factor metric shown in Figure 23 and Equation 5.2. The Budget Factor is a ratio of the amount of 

money spent (Actual Cost) to all accepted costs by the Owner (Baseline Cost plus Net Approve 

Changes). When this ratio is close to 1 it means that all costs incurred in the project have been 

approved by the Owner. The higher this ratio gets; the more costs are becoming the responsibility 

of the Contractor.  
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Figure 23: Budget Factor Boxplot 

𝐵𝑢𝑑𝑔𝑒𝑡 𝐹𝑎𝑐𝑡𝑜𝑟 =  
𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐶𝑜𝑠𝑡 + 𝑁𝑒𝑡 𝐴𝑝𝑝𝑟𝑜𝑣𝑒𝑑 𝐶ℎ𝑎𝑛𝑔𝑒𝑠
 5.2 

PDS 5 and 2 have good median budget factors of 1.02 and 0.97 respectively. PDS 11 

displays promising data in the budget factor with relatively compact data near the target value of 

one. Compactness in a boxplot means all data points were precise, leading the author to believe 

PDS 11 is generally a reliable system in terms of budget factor. Although the differences do not 

seem large, a 17% increase in expected spending on projects that average 700 million dollars can 

reach 119 million dollars of increased spending. 

5.1.2 Schedule 

Schedule dictates the motivating factor behind many projects in the Downstream and 

Chemicals Sector, sometimes due to new regulations a company needs to adhere to or the ability 

to reach customers quickly. It is generally understood that the more a company invests in proper 

schedule maintenance the more cost effective a project becomes. The metrics below will 



49 

 

incorporate the most important deviances in the schedule and how each PDS ranks. Similar to the 

Construction Cost Growth, the first metric Owners and Contractors look at in terms of schedule is 

the Construction Schedule Growth shown in Figure 24. It is a ratio between the change in duration 

of the project to the originally planned duration as shown in Equation 5.3. 

 

Figure 24: Construction Schedule Growth Boxplot 

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑆𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝐺𝑟𝑜𝑤𝑡ℎ =  
𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 − 𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛

𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛
 5.3 

Most successful projects have a priority of not extending their schedule, therefore having 

a low schedule growth. Upon further analysis of this schedule growth, PDS 5 seems to outperform 

the rest of the delivery systems since the median is significantly lower than the rest. Due to the 

minimal number of data points, an outlier within the projects creates the skewedness of the boxplot 

as is evident in some of the delivery systems shown. PDS 6 has a project with a Construction 

Schedule Growth of 120 which both forces the median to be much higher and in turn gives PDS 6 

the highest median. 
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Knowing the construction industry is very volatile, it is almost self-evident that most 

changes in economics, politics, laws, or even the weather cause schedule overruns. Many times, 

the contractor will send a claim to the Owner for added time and money for these obstacles, and 

more likely than not, the Owner would be willing to allow the schedule change but stick to the 

original cost. This is when the Schedule Factor makes more sense than the Construction Schedule 

Growth. As shown in Equation 5.4, Schedule Factor takes into consideration the approved changes 

by the Owner. Figure 25 provides the boxplot of this ratio which portrays much better results than 

that of the Construction Schedule Growth, giving insight into the gravity of Schedule Approved 

Changes in a construction project.  

 

Figure 25: Schedule Factor Boxplot 

𝑆𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛

𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 + 𝑆𝑐ℎ𝑒𝑑𝑢𝑙𝑒 𝐴𝑝𝑝𝑟𝑜𝑣𝑒𝑑 𝐶ℎ𝑎𝑛𝑔𝑒𝑠
 5.4 

The Schedule Factor is optimal at 1 in order to have the estimated schedule match the actual 

schedule in the end of the project. In this respect, PDS 6 is by far the most compact schedule factor 
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which leads the author to think that it tends to perform within its allotted schedule after approved 

changes. On the other hand, PDS 10 and 11 which both incorporate a PM and a general EPC firm, 

both performed lower than the rest when it comes to the schedule factor. It’s interesting to see the 

low correlation between the Construction Schedule Factor and the Schedule Factor and it is up to 

the reader to decide which is more suitable for their project’s analysis. 

A metric that combines both cost and schedule is the Construction Speed shown in Figure 

26 below. It takes into consideration how much is being spent daily on a project as shown in 

Equation 5.5; this is very dependent on the project complexity and the technology used and does 

not generally have a direct relationship to the delivery system. 

 

Figure 26: Construction Speed Boxplot 

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑆𝑝𝑒𝑒𝑑 =  
𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡

𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛
 in thousand dollars per day 5.5 

The lowest results are for PDS 2, 6, and 7 which signifies that they were either smaller and 

quicker than the rest, or they took much longer with low daily expenditure. PDS 5 and 11 have 

higher construction speed which might be directly related to the complexity of the projects that 
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use this delivery system or the incompetence some contractors might have faced when using these 

delivery systems. It is not necessarily bad to have a high construction speed; rather, it is a metric 

that should be measured on a project by project or contractor by contractor basis to better 

understand whether the Construction Speed values are due to the delivery system or the project 

stakeholders involved. 

5.1.3 Project Scope & Complexity 

Projects have different complexities, and sometimes experts overlook the importance of a 

complex project when it comes to delivery systems. It is generally difficult to quantify how 

complex a project is, but the industry tends to use metrics that measure the amount of difficulty a 

project might face during its lifetime. From rework percentage to the number of lost time injuries 

per project, the metrics below give a small insight on how difficult the project might have been 

and whether it was compensated in the right way using the correct delivery system. Some of the 

metrics in this section are harder to acquire than that of Cost and Schedule because they are 

calculated internally and not always shared with the Owner. For example, the Productivity Factor 

shown in Figure 27 and Equation 5.6 is sometimes not measured. This is especially true in Lump 

Sum Contracts where the Contractor only gives the Owner labor hours as an overall dollar value 

and is only contractually obliged to that value of money. Productivity factor is generally optimized 

at the value of one, but rarely ever reaches this optimal value. 
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Figure 27: Productivity Factor Boxplot 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 =  
𝐵𝑢𝑑𝑔𝑒𝑡𝑒𝑑 𝐿𝑎𝑏𝑜𝑟 𝐻𝑜𝑢𝑟𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝐿𝑎𝑏𝑜𝑟 𝐻𝑜𝑢𝑟𝑠
 5.6 

Looking at the different Productivity Factor’s recorded, PDS 5 has the best distribution, 

while PDS 2 had the highest median productivity factor. It is interesting that the DBB delivery 

systems have better productivity factors. This may be attributed to DBB having a checks and 

balance system between the Engineer and the Contractor, while the DB do not. With the 

introduction of more collaborative project teams, the industry is expecting these numbers to slowly 

increase and optimize workflow efficiency. 

 A very important metric that is also kept only by the Contractor is the Rework Percentage. 

Contractors do not get compensated for repeated work, so they attempt to minimize this number. 

Fortunately, this research had responses from both Owners and Contractors and was able to portray 

the Rework Percentage in Figure 28 shown below. This value is generally given as a percentage 

and is internally calculated or estimated after the completion of a project.  
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Figure 28: Rework Percentage Boxplot 

This number is very important because it gauges the complexity of a project and the type 

of accuracy the contractor is aiming to achieve with the project. The rework percentage does not 

give an adequate view of the difference in the PDS’s other than that again 7 and 11 

underperformed. This may be one of the reasons why the productivity factor and the schedule 

deficit were lower for these two delivery systems. It is worth noting that the Rework Percentage is 

generally not reported accurately, since foremen and superintendents on site would rather find 

quick fixes to their work quality than report a high rework percentage. 

A Change Order is generally issued by the Owner for any design changes they might want 

during the construction phase of the project. It is generally a cause for both cost and schedule 

increases and should be taken into consideration when analyzing the cost and schedule factors. 

The Change Order per Million Dollars in Figure 29 and Equation 5.7 tends to show which delivery 

systems allow for a large amount of changes and correlating it back to the schedule and cost factors 

allows the reader to see which delivery system adapts to changes best. 
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Figure 29: Change Orders per Million Dollars Boxplot 

𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟𝑠 𝑝𝑒𝑟 $ 𝑀𝑖𝑙𝑙𝑖𝑜𝑛 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑟𝑑𝑒𝑟𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 𝑖𝑛 𝑀𝑖𝑙𝑙𝑖𝑜𝑛𝑠
 5.7 

How a Contractor can overcome Change Orders speaks volumes to their quick abilities and 

gives insight on how a specific delivery system might adapt to Owner changes. It is clear that PDS 

2 is probably the most suited for available changes especially when looking back at the Schedule 

Factor and the Budget Factor in Figures 25 and 23 respectively. With high change orders in PDS 

2 and a Budget Factor median of 0.97 it is clear that the PDS can accommodate added work ordered 

by an Owner without needing additional costs. The low Change Orders per $ Million in PDS 11 

might be due to the Owner’s hesitance in asking one entity for a change and giving them full 

freedom to price the changes without an engineer or unbiased opinion being outside; it can also 

mean that most projects in PDS 11 are more focused on their high Construction Speed as shown 
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in Figure 26 and Owners would want to finish the project as quickly as possible without many 

changes. 

The following two Tables and Equations account for the safety factor in the project. The 

OSHA Recordable Incident Rate shown in Figure 30 and Equation 5.8 is given by the Occupational 

Safety and Health Administration in the United States and is a statutory required metric by all 

contractors. The Lost Time Injuries per Million Dollars metric shown in Figure 31 and Equation 

5.9 helps Contractors quantify the cost of having injuries on site and how it affects the overall 

construction project cost. 

 

Figure 30: OSHA Recordable Incident Rate Boxplot 

𝑂𝑆𝐻𝐴 𝑅𝑒𝑐𝑜𝑟𝑑𝑎𝑏𝑙𝑒 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑅𝑎𝑡𝑒 =
𝑂𝑆𝐻𝐴 𝑅𝑒𝑐𝑜𝑟𝑑𝑎𝑏𝑙𝑒 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑡𝑠 ∗ 200,000

𝐴𝑐𝑡𝑢𝑎𝑙 𝐿𝑎𝑏𝑜𝑟 𝐻𝑜𝑢𝑟𝑠
 5.8 
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Figure 31: Lost Time Injuries per Million Dollars Boxplot 

𝐿𝑜𝑠𝑡 𝑇𝑖𝑚𝑒 𝐼𝑛𝑗𝑢𝑟𝑖𝑒𝑠 𝑝𝑒𝑟 $ 𝑀𝑖𝑙𝑙𝑖𝑜𝑛 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝑜𝑠𝑡 𝑇𝑖𝑚𝑒 𝐼𝑛𝑗𝑢𝑟𝑖𝑒𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 𝑖𝑛 𝑀𝑖𝑙𝑙𝑖𝑜𝑛𝑠
 5.9 

 

The OSHA recordable rate and the LTI’s per million tend to be on the lower spectrum for 

all projects, barring outliers. This reiterates past research performed at UW Madison stating that 

safety has become expected in most projects in the United States. 

5.1.4 Project Stakeholders’ Relationships & Capabilities 

This section is much harder to quantify than the rest. It is generally only quantifiable by 

the number of Requests for Information (RFI) between the Contractor and the Designer. The RFI’s 

are quantified in two ways as shown below: the RFI Processing time in Figure 32 and the RFI’s 

per Million Dollars in Figure 33 and Equation 5.10. Generally, the stakeholder’s relationship will 

be more evident in the Owner’s Factors in Section 5.2. 
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Figure 32: RFI Processing Time Bar Chart 

 

Figure 33: RFI's per Million Dollars Boxplot 

𝑅𝐹𝐼′𝑠 𝑝𝑒𝑟 $ 𝑀𝑖𝑙𝑙𝑖𝑜𝑛 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝐹𝐼′𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 𝑖𝑛 𝑀𝑖𝑙𝑙𝑖𝑜𝑛𝑠
 5.10 

With the small amount of data, it is difficult to get proper results for this metric. After 

removing some of the outliers in RFI’s per million, it was clear that PDS 6 and PDS 5 were very 

variable in their RFI’s per million. RFI’s vary based on who the different stakeholders are, and 

although it gives good insight on the completeness of the construction drawings, it is more 

dependent on the completeness of the design at the beginning of construction. 



59 

 

5.2 Combined Analysis 

 For the combined analysis, the delivery systems are aggregated into the three delivery 

systems: DBB, CM, DB/EPC. A formulated PCA analysis was done by combining the owner’s 

factors into different x variables on a multi-dimensional plane and the PPI score as the y variable. 

The PCA analysis takes into consideration the multi-correlation factor of the different factors and 

should be considered as statistically sound. More information on the process done to achieve these 

weights can be found in appendix B. 

The usage of this model is as follows: 

1. Choose the factors you care about. 

2. Set weights for each category of factors. (0%-100%) 

3. Calculate scores of CM, DBB and EPC across all factors using Equation 5.11 and 

coefficients from Tables 10, 11, and 12, respectively. 

4. Choose the PDS option corresponding to the highest score to explore further. 

5. Use the flowcharts in the rest of the chapter as examples for selecting the most suitable 

PDS. (Section 5.2.5) 

*An example of this process can be found at the end of this section. 

One should note here that this score is a scaled score based on equation 5.12 with range (0, 

1). So, it is not out of the ordinary that the true scores lay between 0 and 1. Yet, the predicted 

scores do not necessarily need to lie within 0 and 1. In prediction of regression, the model is valid 

only for the input data laying in the range of observations used to fit this model. If a user obtained 

a score out of (0, 1), it would suggest that his input may be `Not Reasonable'. Here `Not 

Reasonable' means their choice of factors and weights is very different from the choices observed 

in the survey of this study. 
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𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑆𝑐𝑎𝑙𝑒𝑑 𝑆𝑐𝑜𝑟𝑒 = 𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 +  ∑ 𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 × 𝐹𝑎𝑐𝑡𝑜𝑟 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 5.11 

𝑆𝑐𝑎𝑙𝑒𝑑 𝑆𝑐𝑜𝑟𝑒𝑖 =  
𝑆𝑐𝑜𝑟𝑒𝑖 − 𝑆𝑐𝑜𝑟𝑒𝑚𝑖𝑛

𝑆𝑐𝑜𝑟𝑒𝑚𝑎𝑥 − 𝑆𝑐𝑜𝑟𝑒𝑚𝑖𝑛
 5.12  

 

5.2.1 DBB Group 

Table 10 provides the coefficients that will be used in the Predicted Scale Score 

mentioned in Equation 5.11 for the Design-Bid-Build Delivery system. 

Table 10: DBB Group Weights 

Category 

Coefficient Coefficient 

Weights 

Intercept 0.14 

Cost 

The Owner wants a predictable cost. 0.03 

The Owner wants a competitive cost. 0.56 

Owner’s cash flow is constrained. -0.24 

The owner preferred lower lifecycle costs. -1.12 

Schedule 

Completion within schedule is highly critical to project success. 0.39 

Early completion is critical to project success. -0.05 

Early procurement of long lead items is critical to project success. 0.52 

Project 

Scope and 

Complexity 

The scope was well developed. 0.46 

Project complexity influenced the decision of the project delivery 

system. 

0.43 

Above normal level of changes were anticipated in the execution of 

the project. 

1.26 

The Owner had previous experience in the technology, location, and 

scope of the project. 

-0.77 

Contractor 

Relationship 

and 

Capabilities 

The Owner had capability to execute the entirety of the work. 0.00 

The Contractor had capability to execute the entirety of the work. -0.44 

The Owner preferred a minimal number of parties to be accountable 

for the project performance. 

0.77 

Contract size could have been handled by one entity. 0.80 

Early involvement of parties was critical to the project success. 0.42 

Owner’s 

Capabilities, 

Preferences 

and 

Organization 

The Owner had the capability and resources to engineer the project. 1.98 

The Owner had the capability and resources to procure for the 

project. 

0.54 

The Owner had the capability and resources to construct for the 

project. 

0.00 
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The Owner had the capability and resources to manage the project. -0.24 

The Owner required the assistance of a project manager. -0.52 

5.2.2 EPC/DB Group 

Table 11 provides the coefficients that will be used in the Predicted Scale Score 

mentioned in Equation 5.11 for the Engineering-Procurement-Construction/Design Build 

Delivery system. 

Table 11: EPC/DB Group Weights 

Category 

Coefficient Coefficient 

Weights 

Intercept 0.64 

Cost 

The Owner wants a predictable cost. -0.39 

The Owner wants a competitive cost. -0.13 

Owner’s cash flow is constrained. -0.45 

 

Schedule 

The owner preferred lower lifecycle costs. 0.58 

Completion within schedule is highly critical to project success. 0.11 

Early completion is critical to project success. 0.04 

Early procurement of long lead items is critical to project success. -0.02 

Project 

Scope and 

Complexity 

The scope was well developed. 0.19 

Project complexity influenced the decision of the project delivery 

system. 0.11 

Above normal level of changes were anticipated in the execution of 

the project. -0.06 

The Owner had previous experience in the technology, location, and 

scope of the project. 0.22 

Contractor 

Relationship 

and 

Capabilities 

The Owner had capability to execute the entirety of the work. 0.65 

The Contractor had capability to execute the entirety of the work. -0.02 

The Owner preferred a minimal number of parties to be accountable 

for the project performance. -0.31 

Contract size could have been handled by one entity. 0.39 

Early involvement of parties was critical to the project success. 0.38 

Owner’s 

Capabilities, 

Preferences 

and 

Organization 

The Owner had the capability and resources to engineer the project. 0.55 

The Owner had the capability and resources to procure for the 

project. 0.55 

The Owner had the capability and resources to construct for the 

project. 0.39 

The Owner had the capability and resources to manage the project. -0.13 

The Owner required the assistance of a project manager. 0.08 
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5.2.3 CM Group 

In order to obtain the weights for the CM Group, the four observations found in PDS 1 

and 4 were used. Table 12 provides the coefficients that will be used in the Predicted Scale Score 

mentioned in Equation 5.11. Due to the limited number of data points, the validity of this model 

might be impacted. 

Table 12: CM Group Weights 

Category 

Coefficient Coefficient 

Weights 

Intercept 0.61 

Cost 

The Owner wants a predictable cost. 0.06 

The Owner wants a competitive cost. 0.15 

Owner’s cash flow is constrained. 0.00 

The owner preferred lower lifecycle costs. 0.00 

Schedule 

Completion within schedule is highly critical to project success. -0.24 

Early completion is critical to project success. 0.05 

Early procurement of long lead items is critical to project success. -0.08 

Project 

Scope and 

Complexity 

The scope was well developed. 0.00 

Project complexity influenced the decision of the project delivery 

system. 0.05 

Above normal level of changes were anticipated in the execution of 

the project. -0.08 

The Owner had previous experience in the technology, location, and 

scope of the project. -0.29 

The Owner had capability to execute the entirety of the work. 0.00 

Contractor 

Relationship 

and 

Capabilities 

The Contractor had capability to execute the entirety of the work. 0.23 

The Owner preferred a minimal number of parties to be accountable 

for the project performance. 0.21 

Contract size could have been handled by one entity. 0.00 

Early involvement of parties was critical to the project success. 0.19 

Owner’s 

Capabilities, 

Preferences 

and 

Organization 

The Owner had the capability and resources to engineer the project. 0.00 

The Owner had the capability and resources to procure for the 

project. 0.00 

The Owner had the capability and resources to construct for the 

project. 0.00 

The Owner had the capability and resources to manage the project. -0.07 

The Owner required the assistance of a project manager. 0.37 
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5.2.4 Example of Using the Model 

The following sub-chapter gives step-by-step instructions on how to use the tables above to 

reach a conclusion on the delivery system that best suits an Owner’s factors: 

1. Choose the factors you care about 

2. Set weights for each category of factors. (0%-100%). Shown in Table 13. 

Table 13: Example Step 1 and 2 

Categories 
Category 

Weight 

Selected Coefficients DBB 

Weights 

EPC/DB 

Weights 

CM 

Weights 

Intercept 0.14 0.64 0.61 

Cost 30% 
The Owner wants a 

predictable cost 
0.03 -0.39 0.06 

Schedule 50% 

Completion within schedule 

is highly critical to project 

success. 

0.39 0.11 -0.24 

Contractor 

Relationship and 

Capabilities 

15% 

The Contractor had capability 

to execute the entirety of the 

work. 

-0.44 -0.02 0.23 

Early involvement of parties 

is critical to project success. 
0.42 0.38 0.19 

Owner’s 

Capabilities, 

Preferences and 

Organization 

5% 

The Owner has the 

capabilities and resources to 

manage the project. 
-0.24 -0.13 -0.07 

 

3. Calculate scores of CM, DBB and EPC across all factors using Equation 5.11 and 

coefficients from Tables 10, 11, and 12, respectively. 

𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑆𝑐𝑎𝑙𝑒𝑑 𝑆𝑐𝑜𝑟𝑒 = 𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 +  ∑ 𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 × 𝐹𝑎𝑐𝑡𝑜𝑟 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 5.11 

𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝐷𝐵𝐵 𝑆𝑐𝑜𝑟𝑒 = 0.14 + (0.3 × 0.03 + 0.5 × 0.39 + 0.15 × −0.44 + 0.15 × 0.42 + 0.05 × −0.24) 

𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝐸𝑃𝐶/𝐷𝐵 𝑆𝑐𝑜𝑟𝑒 = 0.64 + (0.3 × −0.39 + 0.5 × 0.11 + 0.15 × −0.02 + 0.15 × 0.38 + 0.05 × −0.13) 

𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝐶𝑀 𝑆𝑐𝑜𝑟𝑒 = 0.61 + (0.3 × 0.06 + 0.5 × −0.24 + 0.15 × 0.23 + 0.15 × 0.19 + 0.05 × −0.07) 
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4. Choose the PDS option corresponding to the highest score to explore further. Shown in 

Table 14. 

Table 14: Example Predicted Scores 

Predicted DBB Score Predicted EPC/DB Score Predicted CM Score 

0.329 0.6255 0.5675 

 

5. Use the flowcharts in the rest of the chapter as examples for selecting the most suitable 

PDS. (Section 5.2.5) 

In the example above, the EPC/DB Score was higher than the rest and should therefore be 

further studied using the flowcharts in Section 5.2.5. Validation and testing for the statistical 

models are shown in Appendix B in more detail. 

5.2.5 Flowcharts 

Since the method shown in the example above gives the reader an aggregated delivery 

system to further discuss, the author was able to formulate a simple flowchart that can help guide 

the reader to the PDS that best suits their project. The flowchart is based on typical questions the 

industry experts use when differentiating between the PDS’s. The author was able to combine 

the qualitative factors collected in the survey with interviews with industry experts to finalize 

some of the flowcharts below. It is worth noting that the questions below are not absolute and 

there are many more thought processes that an Owner must go through individually, as well as 

additional research, before selecting their delivery system. This is meant to give a rudimentary 

guideline to the most prominent questions an Owner must answer when selecting their PDS. The 

following three decision making processes follow the DBB, DB/EPC, and the CM group’s 

aggregated PDS options shown in Figures 34, 35 and 36 respectively: 
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Figure 34: DBB Sub-Group Flowchart 

 

Figure 35: DB/EPC Sub-Group Flowchart 
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Figure 36: CM Sub-Group Flowchart 

 The three flowcharts above are given for guidance; the author found that the specific 

questions chosen and mentioned above are generally the most prioritized questions in the 

differentiation between delivery systems. That does not necessarily mean that they are the only 

questions; there are many more questions that must be answered before the Owner selects their 

PDS. Examples of these questions include: Owner preferences with working with specific 

companies, the internal organization of the Owner company, the availability of the market, and 

the contract language the Owner chooses to work with. For example, an Owner may want to 

work with a specific architect throughout the project duration, and therefore cannot contract with 

an EPC firm that would want to do the design of the project. It should be clear now that each 

project is uniquely different, and that the above guidelines are just guidelines and not a complete 

process of selecting a PDS.  
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5.2.6 Summary and Limitation 

A beneficial aspect of this formulation is that we can compare the different PDS options 

via the model. If the predicted score for CM is always higher than the predicted scores for the other 

two, then our model would be redundant. After back testing it shows that different values can be 

obtained using different inputs, as shown in the example in Section 5.2.4 which is the main value 

of this model. 

The very limitation of this model is easy to see since there are too few observations. 

Especially for the CM group, there is no way to build a reliable statistics model based on only 

three observations. For the other two groups the data is still insufficient, which would account for 

obtaining a predicted score out of (0, 1). Surely more observations will improve the reliability and 

validity of the model. 

It is clear that this formulation does not completely encompass the entirety of all delivery 

systems or sectors, but it is well defined for the Downstream and Chemicals Sector. As is evident, 

the DBB emphasizes the ability for the design to be complete and accept changes from the Owner’s 

point of view when contracting it to a contractor. The EPC group emphasizes the ability of one 

party to execute the entirety of the work and the minimal number of parties that are required to 

complete the project. Finally, the CM group shows the largest value in an Owner requiring 

assistance in managing the project. This is almost self-evident by the CM name alone but is now 

quantitatively solidified using the values above. When an Owner attempts to use this weighting, it 

is worth noting that a more thorough analysis should be conducted once a delivery system is 

chosen. This is particularly true for projects outside of the DCC sector since they tend to favor 

different metrics in their Owner’s factors. 
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Chapter 6 Conclusion 

6.1 Summary & Findings 

This research investigated the different factors that affect international Owners in the 

Downstream and Chemicals Sector (DCC) of the Construction Industry Institute (CII). Over 40 

international projects were analyzed in order to holistically understand the effects and influences 

of PDSs on project performance. After initiating a study on the different methods of delivery within 

the DCC, it was evident that more than 16 possible delivery system groupings could be used in 

any particular project. The data collected discovered that only 11 of those 16 were predominantly 

used in the DCC and could be categorized under one of the three most popular delivery systems in 

the construction industry as shown in Table 15. 

Table 15: Summary Table 

Project 

Delivery 

Systems # 

Project 

Management 
Engineering Procurement 

Construction 

Management 
Construction 

6 Owner EPCm C 

7 Owner EPC 

10 PMC EPCm C 

11 PMC EPC 

1 Owner E P Cm C 

4 Owner EP Cm C 

2 Owner E P C 

3 Owner E PC 

5 Owner EP C 

8 PMC E P C 

9 PMC E PC 

Legend DB / EPC CM DBB 
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Results of this study were twofold: first to understand what differentiates the PDS options 

both qualitatively and quantitatively, and second to analyze and weight the categorized delivery 

systems based on the Owner’s selection of factors. 

Twelve different industry performance metrics were utilized to fully comprehend the 

performance of these projects. Using Labib’s PPI score also allowed for 10 metrics to be combined 

into a singular score that was used in the PCA analysis of the projects. This allowed for the 

differentiation between successful and less than successful projects to be weighted clearly and 

accurately during the statistical analysis carried out in this research.  

The results of the differences between the delivery systems can best be summarized in 

Table 16 shown below that categorizes the advantages and disadvantages of the delivery systems 

both qualitatively and quantitatively: 

Table 16: Summary of Results 

Project Delivery 

System # 

Advantages Disadvantages 

1: O + E + P + Cm + C • Too few data points to 

have conclusive advantage 

• Few data points proved the fact 

that Owners would rather sign a 

fewer number of contracts. 

2: O + E + P + C • High productivity 

• Compact construction cost 

factor which lowered the 

construction speed factor 

• Allows for multiple change 

orders 

• High rework percentage 

• Not complete scope when 

starting the project 

3: O + E + PC • Minimal number of parties 

involved 

• Lowest rework percentage 

• Good productivity factor 

which translates to good 

schedule factor 

• RFI communication time is 

very long 

• Had one large construction cost 

growth which may be an 

anomaly or a trend. 

 

4: O + EP + Cm + C • Only used for highly 

complex projects 

• Owner must be proficient in 

the technology being used 

in construction 

• Only few projects follow this 

delivery system 
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Project Delivery 

System # 

Advantages Disadvantages 

5: O + EP + C • Most common delivery 

system 

• Good budget factor and 

good schedule factor make 

it ideal for most Owners 

• Limitation of parties causes 

higher cost competitiveness 

• Relatively high rework 

6: O + EPCm + C • Low productivity factor 

• Most compact schedule 

factor making the schedule 

always finish in the allotted 

time 

• Required EPC company to 

either hire or have the Owner 

sign another contract due to 

inability to perform the 

construction. 

7: O + EPC • The lowest number of 

parties involved 

• Good budget factor 

 

• Generally minimal changes 

allowed 

• High schedule variability both 

increased and decreased 

durations 

8: PMC + E + P + C • Owner wanted a 

predictable cost  

• Owner must have experience 

with technology used 

9: PMC + E + PC • Too few data points to have 

conclusive advantage 

• Low usage 

• Contractor must be relied on for 

procurement 

10: PMC + EPCm + C • Reliable in cost 

• Good for large projects 

where the Owner has 

minimal expertise 

• Bad schedule factor and 

construction speed proves that 

large projects use this type of 

delivery system 

• Low productivity  

• High rework 

11: PMC + EPC • Reliable in cost with little 

variance 

• Good for large projects 

where the Owner has 

minimal expertise 

• Bad schedule factor and 

construction speed proves that 

large projects use this type of 

delivery system 

• Low productivity 

• High rework 

 

After the exploratory phase of the individual delivery systems, a comprehensive statistical 

study using PCA analysis was then carried out over the three different categories in order to 
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understand which of the Owner’s Factors affected the choice of different delivery systems the 

most.  

6.2 Discussions & Recommendations 

 The primary cause for the start of this research was to ultimately understand both the 

qualitative and quantitative measures that affect Owners while choosing a project delivery system. 

Although the limited number of data points collected was not ideal, the research was able to 

successfully pivot to an aggregated solution set that defined a comprehensive understanding 

between the DCC sector and the building sector by combining different delivery systems under 

the umbrellas of: DBB, EPC, and CM delivery systems. This allowed for the research to go in 

depth in the statistical analysis of the different systems and how qualitative measures affect the 

choice of system. 

 This research did not aim to find conclusions on a “better” or more adept delivery system, 

but to understand the differentiation between them and allow future Owners to fully investigate a 

delivery system before selecting the one most suitable for their project. It was clear that some 

project delivery systems performed better in certain aspects when compared to the others, such as 

PDS 2, which was consistently better in cost but not as consistent when it came to their schedule 

performance. 

 It is also recommended that the DCC sector investigate the use of Integrated Project 

Delivery (IPD) systems in their future projects. IPD allocates risk to all parties involved to create 

a harmonic delivery system where all parties are involved in the decision-making process and 

project performance. Research has shown time and again the benefits of an integrated delivery 

system, as it always has better performance metrics in cost, schedule, quality, and communication 

in comparison to the three delivery systems used in this study. If IPD can be integrated into the 
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delivery system selection criteria, it would greatly benefit future research and the industry as it 

will allow for a more efficient selection process that includes the future of project deliveries. 

 Overall, it is recommended that this research be continued in the future when data is more 

readily available and unrestricted; this will allow the statistical analysis to be utilized for all 11 

delivery systems and not require the aggregation of them. Using the PPI score and more delivery 

system responses would greatly benefit future Owners in their quest to select the most suitable 

delivery system in their Downstream and Chemicals project without having to worry about 

different factors that might not be a priority to them. It is the lack of focus on the DCC sector that 

has caused for this great divide between academia and this industry, but the continual efforts of 

people from both aspects with clear data communication and proper research study will eventually 

allow for efficiencies in both fields. 
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Glossary 

Definition of Industry Terms 

• Actual cost: the final cost of construction after the project is complete. 

• Approved change orders: number of changes requested by the Owner/engineer team that 

the contractor and Owner were able to agree on for cost. 

• Average RFI processing time: the timeliness in which the engineer responds to the 

contractor. 

• Baseline cost: cost first estimated by the contractor, considered “As Sold” or “Authorized 

for Expenditure (AFE).” 

• Brownfield: projects constructed on previously developed lands. 

• Budgeted construction labor hours: labor hours estimated at the start of the project. 

• Construction contingency: the amount of money put to overcome any construction risk that 

might occur during the construction phase. 

• Construction labor cost: labor costs as a dollar amount. 

• Construction Management (CM): an approach in which the construction manager acts as a 

consultant to the owner in the development and design phases. (CMAA 2012) 

• Construction Manager: the entity responsible for the day-to-day construction oversight. 

• Construction: the entity responsible for the day-to-day field work of the construction 

project. 

• Design-Bid-Build (DBB): an approach in which the owner solicits bids for the entire 

project and contracts directly with a general contractor, who in turn contracts with the 

pertinent subcontractors or suppliers. (Labib 2019) 
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• Engineer: the entity which is responsible for the design (architectural and structural) of the 

project, also responsible for any questions about the design. 

• Engineer-Procure-Construct (EPC) / Design-Build (DB): an approach in which one 

entity—the design-build/EPC team—works under a single contract with the project owner 

to provide design and construction services. The design-builder provides a single point of 

responsibility for the owner. (DBIA 2014) 

• Fatalities: an occurrence of death on or as a result of the project, given the graveness of 

this, any project with a fatality is an unsuccessful project. 

• Greenfield: projects constructed on previously undeveloped lands. 

• Lost-Time Injuries: number of injuries that resulted in a worker not being able to work. 

• Net value of approved changes: the dollar value of change orders accepted by the Owner. 

• Non-conformity reports (NCRs): the NCRs account for tasks that do not adhere to the 

original engineered designs. 

• Number of drawing revisions: count of the changes made to the construction drawings. An 

indication of the quality and completeness of drawings at time of issue. 

• Number of Requests for Information (RFI’s): a count of the number of requests requiring 

a clarification from the contractor to the engineer. 

• Occupational Safety and Health Administration (OSHA) recordable cases: number of cases 

that must be reported to OSHA during the lifetime of a project. For international projects 

outside OSHA purview, other accident reports were utilized.  

• Owner: the entity with the purpose of constructing and funding the project. 

• Percentage rework: relative percent of work redone due to its quality. 

• Private Sector: projects constructed under the authority of a private company. 
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• Procurement Manager: the entity responsible for buying and scheduling of major 

equipment and supplies throughout the lifecycle of the project. 

• Project Delivery System (PDS): the timing and engagement of key stakeholders in a 

project. 

• Public Sector: projects constructed under the authority of a governmental body. 

• Safety risk: subjective viewpoint of the safety risk in comparison to other projects. 

• Total construction labor hours: the total construction labor hours at completion. 

Definition of Academic Terms 

• Boxplot: visual representation of a set of points that highlights the median and the 

interquartile range of that set. 

• Data Variables: all data points collected form the survey. 

• Principle Component Analysis (PCA): “a technique for reducing the dimensionality of 

large datasets, by increasing interpretability while minimizing information loss” (Jolliffe 

2016). 

• Qualitative Factors: factors that do not have numerical value, collected by the survey 

questionnaire. 

• Quantitative Factors: factors that carry a numerical value directly related to the 

construction project performance, also collected by the survey questionnaire. 
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Appendix A: Survey 

1.4 Section 1 : General Information  

1.4.1.1 Background 

We are a research team, working within the Construction Industry Institute (CII), that is 

developing an updated Project Delivery and Contract Strategies (PDCS) tool that will be 

applicable to the Downstream and Chemicals sector. A preceding tool of this nature was 

developed by Research Team 165 in 2001, but is in need of updates to reflect more accurately 

the state of the industry. The results of this research effort will  help Owners in their selection of 

Project Delivery and Contract Strategies (PDCS) while in the pre-construction phase of a new 

project. The purpose of this survey is to gather relevant project data required to optimize the 

capabilities of this tool. This is where we hope you can  

   Survey Request 

When completing this survey, we ask that you consider two projects. One project should be a 

project that was successful due to the project delivery system selected. The second should be a 

project that was less than successful due to the project delivery system selected. Success in this 

context refers to not only financial gain or loss but also to the experience you had with the 

project and its delivery system, with positive experiences being successful. It is preferred 

although not required that the projects you choose be executed within the last five years to better 

simulate current market conditions.  

 

Confidentiality   

CII DCC-06 will hold all data submitted to us in full confidentiality and are strictly bound by 
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CII’s confidentiality rules, which are available at: 

https://www.constructioninstitute.org/resources/performance-assessment/code-of-conduct  

 

Important Remarks   

If you have any inquiries regarding this survey, please contact ashanna@wisc.edu    

We know your time is exceptionally valuable. Thank you in advance for your cooperation and 

contribution to research that advances the construction industry!  

 

Q2 What is the name of your company?1 

________________________________________________________________ 

 

 

Q3 Of the following, what role did your company perform on the projects selected? 

o Owner  (1)  

o Contractor  (2)  

o Consulting Firm  (3)  

o Other  (4) ________________________________________________ 

 

 

 
1 Question 1 is intentionally omitted from this survey as it was removed during development. Future users may 

renumber the questions if they wish.  

https://www.constructioninstitute.org/resources/performance-assessment/code-of-conduct
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Q4 What is the approximate dollar value of annual spending OR annual revenue from design and 

/ or construction of your company (your best estimate is acceptable)? 

________________________________________________________________ 

END OF SECTION 1 

1.5 Section 2: Project Information 

For the rest of the survey, please respond based on only one of the projects you selected at 

the beginning of the survey. 

 

Q6 Was this a successful or less than successful project? 

o Successful project (1)  

o Less than successful project (2)  
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Q7 Of the following industry groups, which best characterizes your chosen project? 

o Manufacturing Industrial  (1)  

o Buildings  (2)  

o Infrastructure  (3)  

o Renovation or revamp  (4)  

o Upstream Exploration  (5)  

o Midstream transportation and pipelines  (6)  

o Downstream Refining and Chemicals  (7)  

o Retail (ex. Gas Stations)  (8)  

o Alternative Energy  (9)  

o Other  (10) ________________________________________________ 

 

 

 

Q8  Where was this project located? (City, State, Country) [If outside the United States, list City, 

Country] 
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Q9 Which of the following best describes the owner of the project? 

o Public Sector Owner  (2)  

o Private Sector Owner  (2)  

o Other  (3) ________________________________________________ 

 

Q10 Which of the following best describes the project type?  

o Greenfield  (1)  

o Brownfield  (2)  

o Modernization, Renovation, Upgrade  (3)  

o Addition, Expansion  (4)  

o Other  (5) ________________________________________________ 

 

Q11 What was the primary contracting strategy for each of the following elements of the 

project? 
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Competitiv

e Lump 

Sum (2) 

Negotiated 

Lump Sum 

(3) 

Cost 

Reimbursabl

e Plus Fee 

(4) 

Guaranteed 

Maximum 

Price (5) 

Guarantee

d 

Maximum 

Price with 

Incentives 

(10) 

Unit 

Price 

(6) 

Time 

and 

Material 

(7) 

Other 

(8) 
N/A (9) 

Front End 

Designer / 

Engineer 

(1)  

o  o  o  o  o  o  o  o  o  

Detailed 

Designer / 

Engineer 

(2)  

o  o  o  o  o  o  o  o  o  

Constructor 

(3)  
o  o  o  o  o  o  o  o  o  

Design 

Build 

Contractor 

(4)  

o  o  o  o  o  o  o  o  o  

Constructio

n 

Managemen

t (At Risk) 

(5)  

o  o  o  o  o  o  o  o  o  
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Constructio

n 

Managemen

t (As 

Agent) (6)  

o  o  o  o  o  o  o  o  o  

Project 

Managemen

t (7)  

o  o  o  o  o  o  o  o  o  

Specialty 

Designer / 

Engineer 

(8)  

o  o  o  o  o  o  o  o  o  

Major 

Equipment 

Supplier (9)  

o  o  o  o  o  o  o  o  o  

Licensor 

(10)  
o  o  o  o  o  o  o  o  o  

Technology 

Proprietor 

(11)  

o  o  o  o  o  o  o  o  o  
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Q12  What was the complexity level of the project as compared to other projects in the same 

industry sector? 

Low - Characterized by the use of well established, proven technology, a relatively small number 

of process steps, a relatively small facility size or process capacity, a facility configuration or 

geometry that your company has used before, well established proven construction methods. 

 Average - Characterized by the use of established technology, a moderate number of process 

steps, a moderate facility size or process capacity, facility configuration or geometry that your 

company has used before, established, proven construction methods.         

High - Characterized by the use of new, “unproven” technology, an unusually large number of 

process steps, large facility size or process capacity, new facility configuration or geometry, new 

construction methods 

o Low  (1)  

o Average  (2)  

o High  (3)  

 

Q13 What were the project objectives? 

▢ Commercial – Maintain / Sustain  (1)  

▢ Commercial – Business / Productivity Improvement  (2)  

▢ Commercial – Growth  (3)  

▢ Regulatory Compliance  (4)  

▢ Other  (5) ________________________________________________ 
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END OF SECTION 2 

1.6 Section 3: Qualitative Information 

 

Q14 Please rate the following project factors by their relative importance to your company when 

selecting a project delivery system: 

 Lowest Weight Highest Weight 

 

 0 10 20 30 40 50 60 70 80 90 100 

 

Cost () 
 

Schedule () 
 

Project Scope and Complexity () 
 

Contractor Relationship and Capabilities () 
 

Owner's Capabilities and Preferences () 
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Q15 Which of the following Cost Related factors were a priority to the owner of this project? 

(Select all that apply) 

▢ The Owner wanted a predictable cost for the project.  (1)  

▢ The Owner wanted a competitive cost of the project.  (2)  

▢ The Owner’s cash flow was constrained.  (3)  

▢ The Owner wished to minimize life cycle costs (4)  

▢ All of the above (5)  

▢ None of the above (6)  

▢ Other (7) ________________________________________________ 

 

Q16 Which of the following Schedule Related factors were a priority to the owner of this 

project? (Select all that apply) 

 

▢ Completion within schedule was critical to project success.  (1)  

▢ Early completion was critical to the project success.  (2)  

▢ Early procurement of long lead equipment and/or materials was critical to project success.  (3)  

▢ All of the above (4)  

▢ None of the above (5)  

▢ Other  (6) ________________________________________________ 
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Q17 Which of the following statements concerning Project Scope/Complexity factors were 

applicable to this project? (Select all that apply) 

▢ The scope was well developed.  (1)  

▢ Project complexity influenced the decision of the project delivery system.  (2)  

▢ Above normal level of changes were anticipated in the execution of the project.  (3)  

▢ The Owner had previous experience in the technology, location, and scope of the project.  (4)  

▢ All of the above  (5)  

▢ None of the above  (6)  

▢ Other  (7) ________________________________________________ 
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Q18 Which of the following statements about Contractor Relationships and Capabilities apply 

to this project? (Select all that apply) 

▢ The Owner had a capability to execute the entirety of the work.  (1)  

▢ The Contractor had capability to execute the entirety of the work.  (2)  

▢ The Owner preferred a minimal number of parties to be accountable for the project performance.  (3)  

▢ Contract size could have been handled by one entity.  (4)  

▢ Early involvement of parties was critical to the project success.  (5)  

▢ All of the above  (6)  

▢ None of the above  (7)  

▢ Other  (8) ________________________________________________ 
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Q19 Which of the following statements concerning Owner's Capabilities, Preference, and 

Organization apply to this project? (Select all that apply) 

▢ The Owner had the capability and resources to engineer the project.  (1)  

▢ The Owner had the capability and resources to procure for the project.  (2)  

▢ The Owner had the capability and resources to construct the project.  (3)  

▢ The Owner had the capability and resources to manage the project.  (4)  

▢ The Owner required the assistance of a Project Manager  (5)  

▢ All of the above  (6)  

▢ None of the above  (7)  

▢ Other  (8) ________________________________________________ 

 

END OF SECTION 3 
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1.7 Section 4: Location, Markets, Partnerships 

 

Q20 Prior to construction, the contractor(s) selected for this project had a reputation for 

performing this type of work: 

o Strongly agree  (1)  

o Somewhat agree  (2)  

o Neither agree nor disagree  (3)  

o Somewhat disagree  (4)  

o Strongly disagree  (5)  

 

Q21 The state of the labor market was favorable for the project. 

o Strongly agree  (1)  

o Somewhat agree  (2)  

o Neither agree nor disagree  (3)  

o Somewhat disagree  (4)  

o Strongly disagree  (5)  
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Q22 The regulatory and statutory requirements for the project were well articulated and 

understood by all parties: 

o Strongly agree  (1)  

o Somewhat agree  (2)  

o Neither agree nor disagree  (3)  

o Somewhat disagree  (4)  

o Strongly disagree  (5)  

 

 

Q23 Green Construction (LEED Certification/environmental culture/sustainability) was of high 

importance to project success: 

o Strongly agree  (1)  

o Somewhat agree  (2)  

o Neither agree nor disagree  (3)  

o Somewhat disagree  (4)  

o Strongly disagree  (5)  

 

 

Q24 A local partner was required to complete this project successfully: 

o Yes  (1)  

o No  (2)  
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END OF SECTION 4  

1.8 Section 5: Delivery Type 

Q25 Of the following well-known delivery methods, which would you describe as the most 

similar to the contracting relationship on this project? 

o Design-Bid-Build  (1)  

o Design Build  (2)  

o Construction Management  (3)  

o Construction Management at Risk  (4)  

o IPD (in construction, a cooperative business relationship where the project owner, the design 
team, and the primary contractor and possibly key subcontractors, contractually collaborate for 
the design and construction of a project.)  (5)  

o EPC  (6)  

o None of the above  (7)  

 

 

The following questions concern the division of responsibilities on the selected project. Please 

select which project party (Owner, Project Management Consultant, Contractor, etc) performed 

each responsibility from the list provided. If a project party performed a responsibility, but is not 

listed as a choice, use the ‘other’ field to input that information.  
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Q27 Who was responsible for Project Management? 

o Owner  (1)  

o Project Management Consultant (PMC)  (2)  

o Other  (3) ________________________________________________ 

 

 

 

Q28 Who was responsible for Engineering? 

o Owner  (1)  

o Project Management Consultant (PMC)  (2)  

o Engineering Firm  (3)  

o General Contractor  (4)  
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Q29 Who was responsible for Procurement? 

o Owner  (1)  

o Project Management Consultant (PMC)  (2)  

o Engineering Firm (At Risk)  (3)  

o Engineering Firm (as Agent)  (4)  

o Procurement Firm (At Risk)  (5)  

o Procurement Firm (as Agent)  (6)  

o General Contractor  (7)  

 

 

Q30 Who was responsible for Construction Management? 

o Owner  (1)  

o Project Management Consultant (PMC)  (2)  

o Engineering Firm (At Risk)  (3)  

o Engineering Firm (As Agent)  (4)  

o Procurement Firm (At Risk)  (5)  

o Procurement Firm (As Agent)  (6)  

o Construction Manager (At Risk)  (7)  

o Construction Manager (As Agent)  (8)  

o None  (9)  
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Q31 Who was responsible for Construction? 

o Owner  (1)  

o Project Management Consultant (PMC)  (2)  

o Engineering Firm  (3)  

o Procurement Firm  (4)  

o Construction Manager  (5)  

o General Contractor  (6)  

 

END OF SECTION 5 
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1.9 Section 6: Cost Performance 

In this section, please respond using actual project costs in U.S. Dollars if possible. 

Q32  How much was your baseline estimate for construction? ("As Sold" or "Authorized for 

Expenditure (AFE)") 

________________________________________________________________ 

 

 

 

Q33 How much construction contingency was included in the baseline estimate? 

________________________________________________________________ 

 

 

 

Q34 What was the actual cost for the baseline scope at the end of the project?  

________________________________________________________________ 

 

 

 

Q35 What was the net value for all approved changes? 

________________________________________________________________ 
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Q36 What made up the majority of the changes? 

________________________________________________________________ 

 

END OF SECTION 6 
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1.10 Section 7 – Labor Productivity 

For all questions in this section, respond using only direct labor hours.  

Q37  What was the total number of construction labor hours included in the baseline estimate? 

________________________________________________________________ 

 

Q38 What was the construction labor cost in the baseline estimate for construction? 

________________________________________________________________ 

 

Q39 What was the total construction labor hours at completion? 

________________________________________________________________ 

 

Q40 The construction productivity level was? 

o As planned (1)  

o Better than planned (2)  

o Worse than planned (3)  

 

 

Q41 What was the primary factor that informed your answer to Q40? (Example answers might 

include: Overtime, Scope Change, Labor Availability, etc). 

________________________________________________________________ 

 

END OF SECTION 7 
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1.11 Section 8 – Schedule Performance 

 

Q42 How many months were originally planned for the construction phase? 

________________________________________________________________ 

 

Q43 Including all approved changes, what was the total duration of the construction phase in 

months? 

________________________________________________________________ 

 

Q44 Please fill out the following project construction dates: 

 Month Year 

Planned Start Date (1)  ▼  ▼  

Planned End Date (2)  ▼  ▼  

Actual Start Date (3)  ▼  ▼  

Actual End Date (4)  ▼  ▼  

 

 

Q45 If there is a discrepancy between planned and actual dates in your response to Q44, please 

explain if able (Example answers might include: inclement weather, delayed permitting, access 

constraints, etc). 

________________________________________________________________ 

 

END OF SECTION 8 
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1.12 Section 9 – Safety2  

 

Q46 What was the total number of Occupational Safety and Health Administration (OSHA) 

recordable incidents on this project? 

________________________________________________________________ 

 

Q47 What was the total number of lost-time injuries (injuries that result in lost days or 

restrictions on activity) on this project? 

________________________________________________________________ 

Q48 In comparison to other projects on which you have worked in the past, how would you 

characterize the safety risks on this project? 

o Much lower (1)  

o Somewhat lower  (2)  

o About the same  (3)  

o Higher  (4)  

 

Q49 Were there any fatalities on this project? 

o Yes  (1)  

o No  (2)  

 

END OF SECTION 9 

 
2 As discussed in the main document, safety was ultimately not considered in the analysis as all CII members have a 

strong culture of safety and the performance on all projects regardless of PDS was overall, quite strong 



102 

 

 

1.13 Section 10 – Quality 

Q50 Were there any drawing revisions published on this project?  

o Yes  (1)  

o No  (2)  

 

 

Q51 As compared to similar projects on which you have worked in the past, how would you 

characterize the number of drawing revisions on this project? 

o Significantly less (1)  

o Somewhat less (2)  

o About the same (3)  

o Somewhat more (4)  

o Significantly more (5)  
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Q52 As compared to similar projects, how would you characterize the warranty costs incurred on 

this project? 

o Far above average  (1)  

o Somewhat above average  (2)  

o Average  (3)  

o Somewhat below average  (4)  

o Far below average  (5)  

 

 

Q53 How many non-conformity reports (NCR's) were there?  

________________________________________________________________ 

 

Q54 What was the approximate percentage of rework to total work?  

________________________________________________________________ 

 

Q55 How many change orders were approved during the project? 

________________________________________________________________ 

 

END OF SECTION 10 

1.14 Section 11: Communication  

 

Q56 What was the total number of Requests for Information (RFI) submitted on this project? 

________________________________________________________________ 
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Q57 What was the average RFI Processing Time (RFI Processing time is defined as the period 

between the submission of an RFI and the response by the appropriate party/closure) on the 

project? 

o (1-7) Days  (1)  

o (8-14) Days  (2)  

o (15-21) Days  (3)  

o (22-28) Days  (4)  

o (> 28) Days  (5)  

 

END OF SECTION 11 
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1.15 Section 12: Personal Information/Follow Up 

Thank you for your time spent completing this survey. To reiterate, all information collected in 

this process will be kept confidential pursuant to CII policies. If you are willing to be contacted 

by the research team to follow-up on the responses you have given here, please provide your 

information in this section. This section is not mandatory, and you may remain anonymous if 

you wish. 

 

 

Q59   What is your name (First, Last)? 

________________________________________________________________ 

 

Q60   What is the best email address to contact you? 

________________________________________________________________ 

 

END OF SECTION 12  
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Appendix B: Statistical Analysis 
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Appendix C: Supplementary Tables 

Research (year) Delivery Systems Factors  

Project Delivery 

and Contract 

Strategy CII 165-

12 (2001) 

13. Traditional Design-

Bid-Build 

14. Traditional delivery 

system with early 

procurement 

15. Traditional delivery 

system with Project 

Manager 

16. Traditional delivery 

system with 

Construction Manager 

17. Traditional delivery 

system with early 

procurement and 

Construction Manager 

18. Construction Manager 

@ Risk delivery system 

19. Design-Build (or EPC) 

delivery system 

20. Multiple Design-Build 

(or EPC) delivery 

system 

21. Parallel Primes 

delivery system 

22. Traditional delivery 

system with Staged 

Development 

23. Turnkey 

24. Fast Track 

21. Completion within original 

budget is critical to project 

success. 

22. Minimal cost is critical to project 

success. 

23. Owner’s cash flow for the 

project is constrained. 

24. Owner critically requires early 

(and reliable) cost figures, to 

facilitate financial planning and 

business decisions. 

25. Owner assumes minimal 

financial risk on the project. 

26. Completion within schedule is 

highly critical to project success. 

27. Early completion is critical to 

project success. 

28. Early procurement of long lead 

equipment and/or materials is 

critical to project success. 

29. An above normal level of 

changes is anticipated in the 

execution of the project. 

30. A below normal level of changes 

is anticipated in the execution of 

the project. 

31. Confidentiality of 

business/engineering details of 

the project is critical to project 

success. 

32. Local conditions at project site 

are favorable to project 

execution. 

33. Owner desires a high degree of 

control/influence over project 

execution. 

34. Owner desires a minimal level of 

control/influence over project 

execution. 

35. Owner desires a substantial use 

of its own resources in the 

execution of the project. 
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36. Owner desires a minimal use of 

its own resources in the 

execution of the project. 

37. Project features are well defined 

at the award of the design and/or 

construction contract. 

38. Project features are not well 

defined at the award of the 

design and/or construction 

contract. 

39. Owner prefers minimal number 

of parties to be accountable for 

project performance. 

40. Project design/engineering or 

construction is complex, 

innovative, or non-standard. 

A Guidebook for 

the Evaluation of 

Project Delivery 

Methods TCRP 

131 (2009) 

1. Design-Bid-Build 

2. CMR or Construction 

Manager/General 

Contractor 

3. Design-Build 

4. Design-Build-Operate-

Transfer 

 

Does It Really 

Matter? What 

Does the Project 

Delivery System 

Bring to the 

Success or 

Failure of the 

Project? AIA 

(2012) 

7. DBB 

a. Single Prime or 

General 

Contracting 

b. Separate or 

Multiple Prime 

Contracting 

8. Construction 

Management 

a. CM not at risk: 

Construction 

Manager as 

adviser 

b. CM at risk: 

Construction 

Manager as 

constructor 

9. Design Build 

a. Traditional 

b. “Bridging” 

Design Build 

6. Legal Constraints (Public vs 

Private Owners) 

7. Funding and Cost Constraints 

8. Timing Constraints 

9. Facility Type 

10. Owner’s Management Profile 

• In-House Expertise, 

Tolerance for Risk and 

Pre-Existing 

Relationships 

Owners approach to “Design Control” 

and Ability to Resist Making Late 

Changes 

Delivering 

Sustainable, 

1. DBB 

2. DB 

1. Timing of project participants 

involvement 
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High-

Performance 

Buildings: 

Influence of 

Project Delivery 

Methods on 

Integration and 

Project Outcomes 

ASCE (2013) 

3. CMR 2. Design charrettes at the 

beginning of the project to 

determine shared project goals. 

3. Design charrettes throughout the 

design process 

4. Methods of communication 

among team members 

5. Timing of communication 

among team members 

6. Effectiveness of communication 

methods used. 

7. Compatibility of team members/ 

chemistry 

8. Presence of a LEED AP in 

project parties’ teams 

9. Quantitative metrics used to 

measure sustainability 

performance of the project 

during delivery. 

10. Teams’ prior experience as a 

unit 

11. LEED education to constructors 

Factors affecting 

the choice of 

construction 

project delivery in 

developing oil 

and gas 

economies (2016) 

None 1. Owner’s Control over the 

Design 

2. Project Type and Client 

Familiarity 

3. Finance and Payment Method 

4. Project Scale (Scope and Cost) 

5. Contract and Risk 

6. Time Constraints 

These were accumulated from 48 

different variables. 

Choosing a 

Project Delivery 

Method  

DBIA (2018) 

1. CMR 

2. DBB 

3. DB 

4. Multi Prime 

Owner Control 

• Desire to control design details.  

• Desire to control project 

outcome.  

• Desire to have control of all 

prime contractors.  

• Desire to empower more 

innovative project solutions.  

• Desire for design excellence.  

Owner Relationships 

• Desire to have direct relationship 

with designer. 
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• Willingness to establish a more 

professional relationship with 

contractor. 

• Desire to avoid adversarial 

relationships. 

• Ability to enhance project 

coordination. 

• Ability to reduce project claims. 

• Desire to integrate the “voice” of 

the contractor in the planning 

process. 

Project Budget 

• Adversity to change orders. 

• Need to establish budget at 

earliest possibility. 

• Best value for funds invested. 

Project Schedule 

• Timing to establish definitive 

project scope.  

• Timing to establish definitive 

construction cost.  

• Ability to fast track a project.  

• Total project duration.  

• Desire to avoid delays due to 

disputes or claims.  

Owner Risk 

• Timing to establish definitive 

project scope.  

• Timing to establish definitive 

construction cost.  

• Ability to fast track a project.  

• Total project duration.  

• Desire to avoid delays due to 

disputes or claims.  

Comparative 

Analysis between 

Project Delivery 

Systems through 

Quantitative 

Assessment of 

Project 

Performance 

(2018) 

1. DBB 

2. CM 

3. DB 

5. IPD 

Communication 

• Number of RFIs per million 

dollars 

• RFI processing time 

• Resubmittals per million dollars 

Change Management 

• Reasons-related percent changes 

• Change order processing time 

Business 

• Company image (return 

business) 
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Quality 

• Overall quality of project 

systems 

• Punchlist items per million 

dollars 

• Deficiency issues per million 

dollars 

Safety 

• Lost time incident rate 

• OSHA recordable rate 

Cost 

• Construction cost growth 

Schedule 

• Construction speed 

• Delivery speed 

• Schedule growth 

• Schedule intensity 

Labor 

• Work value per labor cost 

• Labor productivity 

Comparative 

Performance 

Assessment of the 

Wisconsin State 

Capital Projects 

(2019) 

5. Design Build 

6. CMAR 

7. Single Prime 

8. Multiple Prime 

• Project Percent Change 

• Schedule Growth 

• Schedule Factor 

• Number of Construction Change 

Orders per Million Dollars 

• Number of RFIs per Million 

Dollars 

• RFI Processing Time 

• Construction Speed 

• Delivery Speed 

 


