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Abstract. Oil and Gas Industry processing crude oil into fuel in refineries. Tech-

nology in refineries evolve over time, but damage and failures still found in it 

and effected to environmental pollution, asset losses, and incident fatality. One 

of the causes is lack of standard compliance and quality control while on the 

process of equipment manufacturing construction. Indonesia plans to increase the 

capacity of refinery to fullfil demand of gasoline consumption, so more storage 

tanks have to build in refinery. Ensuring the quality of tank construction project 

are needed to prevent incident occurred. To achieve the goal, evaluation of Pro-

ject Quality Management also needed to find problems effected to unqualified 

storage tanks. Authors used expert preliminary interview to find some existing 

problems and the result shows there are five problems (availability of quality 

standard documents, standard measurements and references used, safety stand-

ards applied, implementation of quality control in the field, and responsibilities 

of stakeholders). The Delphi Methods functions not only evaluating the existing 

Project Quality Management but also finding factors that hinder the achievement 

of quality and effectiveness of the storage tank construction project at the Indone-

sian Oil Refinery. 
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1 Introduction 

Oil and Gas Industry has important role in providing energy needs. One of its main 

businesses is the processing of crude oil into fuel products, non-fuel products and pet-

rochemicals carried out at the Oil Refinery[1]. Although technology has developed, 

there are still failures or equipment damage in several oil refineries in the world that 

result in property damage, environmental pollution, and asset losses. An example of an 

accident occurred in Thessaloniki, Greece in 1986, which caused by the unimplemented 

work procedures, workers use cutting torch equipment close to flammable vapor, which 

caused a tank fire and this accident caused five injured persons in fatality category[2]. 

Indonesia plans to increase the capacity of its Oil Refinery to meet domestic fuel con-
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sumption demand, which requires the construction of a Storage Tank. Therefore, en-
suring the quality of the tank construction work is very important to prevent unwanted 
incidents. 

Several equipment used in refinery such as reactors, vessels, boilers, columns, and 
tanks are manufactured by many different techniques and materials, but every equip-
ment used already checked and inspected that the quality has meet the standard. So that, 
while in the project manufacturing phase, project quality management should imple-
ment to ensure the equipment quality before use. 

Project quality management is important in project construction, to improve the per-
formance of it, tools PDCA cycle are needed. PDCA is valuable tool for continues im-
provement because it provides a structured approach to problem-solving and imple-
menting changes[3]. PDCA is four steps for continuous improvement used in many 
sector, uncomplying action in the field can be checked by PDCA (Plan-Do-Check-Ac-
tion) [4].  

Some projects used PDCA to recheck the progress and make sure the results are fit 
to the plan. On road construction projects, PDCA also used to evaluate the quality of 
the project, but the methods have been developed into Delphi Study. Methods who oc-
curred some road construction project experts to find the lacks on it [5]. Some experts 
couldn’t define some challenges of one project to other project because each project did 
not have typical criteria. So that we can’t use the opinion of road projects expert in tank 
construction projects. 

However, in the implementation of Project Quality Management there are still many 
obstacles, both in terms of the implementation of quality standards used, knowledge 
and experience of the workers involved, the implementation of checking and monitor-
ing audits, and others[6]. In a project, there are many factors that can cause a decrease 
in quality so that the results are not in accordance with what was planned. A previous 
study using the Delphi method and focus group discussions stated that the availability 
of quality standards and documentation was recognized by the panelists as a problem 
when implementing quality control as early as possible during the pre-construction 
stage, as well as problems with the competence of the project team[5]. 

Evaluation is needed for the existing Project Quality Management to find the obsta-
cles that cause the quality of the storage tank construction work not to be achieved. 
After conducting an evaluation and finding the obstacles, so quality of the storage tank 
construction work can be maintained. 

In general, to evaluate project quality management needs some experts to define the 
most challenges aspects and next steps is to compare the challenges to the actual con-
ditions in the field by confirming it to the stakeholders relevant used the Delphi Meth-
ods. So that we can find factors that hinder the achievement of project quality and ef-
fectiveness, then we can develop strategy for the best quality management should be 
implied. 
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2 Methodology 

2.1 Research Approach 

The study utilizes mixed methods approach by using preliminary interviews and Delphi 
Method. Quantitative methods to count percentage of each subcriteria based on re-
spondents’ opinion that involve their experiences and understanding. Qualitative meth-
ods matter in this research because data sources come from interviewing the expert to 
know their opinion about project quality management and considering each opinion to 
arrange the questionnaire. Opinion from the expert will be classified into a few aspects. 
So that, each aspects would contains 5–10 questions based on the opinion from all ex-
perts. The questionnaire contains some aspects that consist of some questions. After 
that, questionnaire can be used on Delphi Method. 

2.2 Population and Sampling 

The term population refers to the whole set of people, events, or subjects that researcher 
is interested in studying and hopes to draw conclusions from. This research contains 2 
targeted audiences to be studied, there are Project Owner and the Main Contractor. All 
respondents are expert in tank construction project who has 5 years work experience in 
the same sector. Research population on Delphi Study both round 1 and Round 2 are 
stakeholders that related to tank construction project in Indonesian Refinery. Number 
of respondents in this research are five respondents, there are Quality Control Manager, 
Senior Engineer Mechanical, Head of Safety from Project Owner, Engineering Man-
ager and Quality Control Manager from the Main Contractor. All respondents sufficient 
for the research proposed because all respondents are expert in their sector, so their 
answer of each question on questionnaire can be accounted for. 

2.3 Research Indicators 

The present study’s variables that are measured from the indicators, include readiness 
quality standard documents, references and standard used in the project, safety standard 
applied, quality control implementation on the site, and role and responsibility of stake-
holders. Indicators. Successful indicator of each aspects are some which achieve above 
90 % of agreement [7]. Some aspects that doesn’t achieve 90 % of agreement may have 
potential of error, then the question should be asking in the next round. 

2.4 Methods 

Based on researcher’s knowledge after literature study phase, they note some highlight 
from each paper about project quality management and confirmed it to the expert. This 
phase called Expert Preliminary Interview. After researcher got the confirmation from 
all experts that have been interviewed, they arrange questionnaire to be used on next 
phase.  
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2.5 Delphi Methods 

The Delphi method has been widely used in recent decades and is now regarded in 
academic research as a valuable technique for reaching consensus about specific issues 
when empirical evidence is scarce or contentious. The method aims to achieve consen-
sus about a specific topic by using several rounds of questionnaires to collect data from 
a panel of selected experts on the topic of interest [8]. As mentioned on Fig.1, after 
authors do the literature study, authors need to do expert preliminary interview to create 
questionnaire. After that, Delphi Methods can be used on this research in 2 stages, that 
is Round 1 and Round 2. Round 1 used the questionnaire that has been prepared, but 
Round 2 used questionnaire in Round 1 that has not agree yet. All rounds use anonymity 
technique to reduces the effect of dominant individuals on participants response. Re-
sponse given to each item can vary across rounds, thereby favoring the convergence of 
opinions [9]. After all rounds finished, researcher process the data using quantitative 
methods to give summary of statistics using percentage of agreement [10]. 
 

 
Fig. 1. Research Framework 

3 Results and Discussion 

3.1 Preliminary Interview Results 

Based on the result of preliminary interview from five expert respondents, there are 30 
questions form that are related to construction project in Indonesian refinery. Questions 



B. References and standards 
used in the project 

B1 There is a mutual check activity at the start of the 
project to ensure that the work plan/drawings 
match the actual conditions 
Availability of standard documents, drawings 
and general references at every stage of work 
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classified into five aspects, there are readiness quality standard documents, references 
and standard used in the project, safety standard applied, quality control implementa-
tion on the site, and role and responsibility of stakeholders. Questions on the Round 1 
Delphi Study mentioned on Table 1.  

Table 1. The Study Questionnaire 

Aspects Code Questions 

A. Readiness quality stand-
ard documents in the Project 

A1 Availability of technical procedure documents, 
quality guidelines and quality planning 

A2 Availability of technical documents that have 
been agreed upon and signed jointly by the Pro-
ject Owner and Contractor 

A3 There is a checklist to ensure that the implemen-
tation is in accordance with the guidelines, plan-
ning and scope of the contract 

A4 Existence of document hierarchy provisions as a 
reference for work guidelines 

A5 Availability of daily and weekly implementation 
reports 

B2 

B3 Project Owner and Contractor quality policy 
documents are aligned with the project quality 
plan 

B4 There are records for reporting any quality de-
fects/gaps in work against standards 

B5 Standards and guidelines used clearly define the 
quality to be achieved 

C. Safety standard applied C1 Steps of project work are carried out based on 
Construction Safety Procedures 

C2 Steps of project work are carried out in compli-
ance with environmental policies 

C3 Availability of appropriate safety and personal 
protective equipment to ensure safety during 
construction 



samples 
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Aspects Code Questions 

C4 There are safety checks and labeling of work 
equipment to be used 

C5 There are daily checks and assurances regarding 
the health level of workers on tank construction 
projects 

D. Quality control imple-
mentation the site 

D1 QC personnel ensure that each step of work 
meets quality standards 

D2 QC personnel ensure that every material used 
meets specifications 

D3 Quality planning documents are implemented in 
every stage of construction 

D4 There are personnel who carry out control not 
only on quality aspects but also costs, time and 
scope 

D5 QC personnel carry out checks and understand 
the technical procedures for testing material 

D6 There are inspection methods to control the con-
struction process so it can meet specifications 

D7 Supervisory personnel periodically evaluate 
work performance, work quality and safety as-
pects during construction 

D8 There is a reporting system for non-conformities 
found in the field by QC personnel from both the 
Project Owner and Contractor 

E. Role and responsibility of 
stakeholders 

E1 High awareness of project implementers regard-
ing the quality of work 

E2  Project Owner and Contractor understand the 
objectives and benefits of the tank construction 
project 

E3 Project Owner and Contractor communicate in 
making important decisions during project con-
struction 

E4 Level of competence of QC personnel in the or-
ganization is considered satisfactory 

E5 Project Owner and Contractor understand con-
struction quality and safety when designing and 
controlling the project implementation 
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Aspects Code Questions 

E6 All stakeholders in the project actively learn 
from quality and safety mistakes in construction 

E7 Project Owner and Contractor are committed to 
implementing a quality management system and 
project safety system 

3.2 Delphi Study Round 1 Results 

On this phase, questions will be given to five stakeholders expert on this project. And 
the results will show the satisfaction/agreement level of respondents (level of how much 
they agree) to each question. Delphi Round 1 Results based on five respondents mein-
tioned on Table 2. 

Based on Table 2, all questions have satisfaction percentage more than 70 %, means 
that all questions still on the range of Delphi Consensus (Vernon, 2013).  But there are 
nine questions with satisfaction percentage under 90 %, there are existence of document 
hierarchy provisions as a reference for work guidelines, availability of standard docu-
ments, drawings and general references at every stage of work, there are inspection 
methods to control the construction process so it can meet specification, high awareness 
of project implementers regarding the quality of work, and level of competence of QC 
personnel in the organization is considered satisfactory. 

The lowest satisfaction level is 72 % on the question A4 “Existence of document 
hierarchy provisions as a reference for work guidelines”, Most of respondents answer 
4 out of 5, from there we know that document hierarchy provisions didn’t apply well 
as reference for work guidelines. There must be agreement of guideline or standard that 
must be applied during the project from owner and contractors before starting the work 
project, whether contractor can freely choose International standard that can be applied 
or the owner have their specifically standard used for the guideline, or even the owner 
has their own standard. So, during the project, there will not be confusing standard that 
should be applied because both owner and contractor know document hierarchy provi-
sions.  

In question A3 shows percentage of agreement is 88 %, means some of respondents 
did not know about the checklist to ensure that the implementation is in accordance 
with the guidelines, planning and scope of the contract, may it caused by less of co-
munication or socialization about that checklist. 

Question B2 shows 76 % of agreement means low agreements from the experts about 
there is Availability of standard documents, drawings and general references at every 
stage of work. Which means standard documents did not available at every stage at 
work, may they should create or adopt document standard for every stage at work. 

In question D2, D5, and D6 mostly about QC personnel, which means the QC per-
sonnel in this project did not meet the expectations for doing some of the task such as 
ensure every material used meets specifications, carry out checks and understand the 



Table 2. Delphi Study Round 1 Results 
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technical procedures for testing material samples, in the next project we should hire 
more qualified QC personnel and brief them before the project start. 

In Role and responsibility of stakeholders aspects there are 3 questions E1, E3 and 
E4 that have agreement level below 90 % which are High awareness of project imple-
menters, Stakeholder communication in making importance decision and level of com-
petence for Quality control personnel. 

Q R1 R2 R3 R4 R5 % Satisfy 
A1 5 5 5 5 5 100 % 
A2 5 5 5 5 5 100 % 
A3 5 4 4 5 4 88 % 
A4 3 4 4 3 4 72 % 
A5 5 5 5 5 5 100 % 
B1 4 5 4 5 5 92 % 
B2 3 4 4 3 5 76 % 
B3 5 5 5 5 5 100 % 
B4 5 4 4 5 5 92 % 
B5 5 5 5 5 5 100 % 
C1 5 5 5 5 5 100 % 
C2 5 5 5 5 5 100 % 
C3 5 5 5 5 5 100 % 
C4 5 5 5 5 5 100 % 
C5 5 5 5 5 5 100 % 
D1 5 5 5 5 5 100 % 
D2 4 4 4 5 5 88 % 
D3 5 4 5 4 5 92 % 
D4 5 5 5 5 5 100 % 
D5 4 4 5 4 5 88 % 
D6 5 4 4 4 4 84 % 
D7 5 5 5 5 5 100 % 
D8 5 5 5 5 5 100 % 
E1 4 4 4 5 4 84 % 
E2 5 5 5 5 5 100 % 
E3 5 5 4 4 4 88 % 
E4 4 4 3 3 5 76 % 
E5 5 5 5 5 5 100 % 
E6 5 5 5 5 5 100 % 
E7 5 5 5 5 5 100 % 
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3.3 Delphi Study Round 2 Results 

Delphi study round 2 is follow up step from questions that have satisfaction percentage 
under 90 %, which means they are not agreed yet. Delphi round 2 aims to make sure 
the agreement from those all questions. All respondents option using Yes or No ques-
tion. Yes, means satisfaction for the question and No means unsatisfied. Results from 
Delphi Study Round 2 shows on Table 3. 

Table 3. Delphi Study Round 2 Results 

ID R1 R2 R3 R4 R5  %Satisfy 
A3 Yes Yes Yes Yes Yes 100 % 
A4 No Yes No No No 20 % 
B2 No Yes No No No 20 % 
D2 Yes Yes Yes Yes Yes 100 % 
D5 Yes Yes Yes Yes Yes 100 % 
D6 Yes Yes Yes Yes Yes 100 % 
E1 Yes Yes Yes Yes Yes 100 % 
E3 Yes Yes Yes Yes Yes 100 % 
E4 Yes No No Yes No 40 % 

Based on the Table 3, Question A3, D2, D5, D6, E1 and E3 shows that 100 % re-
spondents agree with the question and satisfied. In the other question, question A4, B2, 
and E4 shows that respondents answer No for satisfaction on each question.  

On Round 1, their satisfaction shows more than 70 %, so there are different results 
on Round 1 and Round 2, it because there are changes in actual condition in the field. 
Question A3 ‘There is a checklist to ensure that the implementation is in accordance 
with the guidelines, planning and scope of the contract’ shows that respondents satisfied 
with the availability of checklist, it can help workers to make sure that their work com-
ply with the guidelines, planning and scope of contract that aims to enhance project 
quality management. On question D2 ‘QC personnel ensure that every material used 
meets specifications’ in round 2, shows that respondents satisfied with the performance 
of QC personnel in duties on checking and make sure the materials used has meet the 
specifications. Also on Question D5 ‘QC personnel carry out checks and understand 
the technical procedures for testing material samples’ shows that respondents satisfied 
with performance of QC personnel responsibility on checking and also the QC person-
nel have to understand technical procedures for testing material samples, so that the 
materials that have been checked and qualified can be trusted. D6 ‘There are inspection 
methods to control the construction process so it can meet specifications’ results on the 
Delphi round 2 shows that respondents satisfied with implementation of inspection and 
control methods during process construction, while on Delphi Round 1 respondents 
unsatisfied. It can happen because the contractors improve their inspection methods to 
fulfill the owner expectations. It also impacts to quality of work awareness of project 
implementers, so the question E1 ‘High awareness of project implementers regarding 
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the quality of work’ also get 100 % satisfaction on Delphi Round 2. In question E3 
‘Project Owner and Contractor communicate in making important decisions during pro-
ject construction’ also shows that respondents satisfied, good communication between 
project owner and contractor can help the contractor improve their works.  

There are 3 questions that did not satified the respondents yet, there are question A4, 
B2, and E4. On the question A4 ‘Existence of document hierarchy provisions as a ref-
erence for work guidelines’ shows that respondents unsatisfied yet, it means there is no 
document hierarchy provisions as a reference for work guidelines. On question B2 
‘Availability of standard documents, drawings and general references at every stage of 
work’ shows respondents has not satisfied yet, because until Delphi round 2, there is 
no standard documents, drawings and general references. On question E4 ‘Level of 
competence of QC personnel in the organization is considered satisfactory’ shows 40 
% of respondents satisfaction. It means that level of competence of QC personnel have 
to be improve. 

One of the questions is Question A4, which is the lowest results on the Delphi Round 
1, it means consistency of respondent’s opinion. Until Delphi round 2, the project didn’t 
have document hierarchy provisions yet.  
Based on all rounds of Delphi Study, we can conclude that respondents most agree to 
all questionnaire, only 3 question they didn’t agree yet, there are Existence of document 
hierarchy provisions as a reference for work guidelines, Availability of standard docu-
ments, drawings and general references at every stage of work, and Level of compe-
tence of QC personnel in the organization is considered satisfactory.   

4 Conclusions 

This study evaluate problem in project quality management tank construction project 
in Indonesian Oil Refinery, it has been found that existing project quality management 
in the Storage Tank Construction Project has 5 (five) important aspects that affect the 
level of quality and effectiveness of the project. The five aspects are: Availability of 
Quality Standard Documents in the Project, Standard Size and References Used, Safety 
Standards Applied in the Project, Implementation of Quality Control in the Field and 
Duties and Responsibilities of Stakeholders. Of the five aspects, there are 25 factors 
that are already satisfactory in terms of implementation in the field, but there are still 5 
factors that are further narrowed down to 4 factors that are considered unsatisfactory 
and can be an obstacle to achieving the quality and effectiveness of the storage tank 
construction project. 

Based on the results of the Preliminary Interview and Delphi Study confirmed 
through Round 1 and Round 2 activities, factors were obtained that inhibited the 
achievement of quality and effectiveness of the storage tank construction project. These 
factors are: The absence of a document hierarchy as a reference for work guidelines, 
The unavailability of standard documents, drawings and general references in each 
stage of work (for example, Basic design documents, shop drawings and incomplete 
field investigation data) and Lack of competence of Quality Control personnel (some 
personnel in the organization are inexperienced and less competent) [5]. In addition, 
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there are several other factors that are considered obstacles, namely the Change order 
proposal approval process which takes time and has an impact on delivery time, Lack 
of performance and communication of local subcontractors which affects project per-
formance, and Miscommunication between Management, the Quality Control team and 
the executor team in the field [3]. 

Based on the research results obtained, suggestions for both Project Owner and Con-
tractors are Stakeholders are expected to discuss and agree to determine the document 
hierarchy and detail it for each stage of work during the project, companies are expected 
to update guidelines, standards and technical procedures related to storage tank con-
struction projects and to create a checklist of implementations that have been carried 
out in the field regarding their suitability with the scope of work, and The company can 
provide training and certification to critical personnel such as Quality control, Engineer, 
Safety officer, as well as assign them to other projects to increase their work experience 
[6]. 
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