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Abstract  

 
The construction of a Coal-Fired Steam Power Plant in Indonesia has a high urgency to be realized in a short period. 
However, many significant factors arise during mechanical and electrical works that cause delays. Therefore, 
contractors need to plan the project carefully by anticipating all possibilities to minimize potential delays. With 
WBS, delay risks can be identified in smaller elements up to the resources level to avoid project time overrun 
effectively. This study aims to develop a risk-based WBS standard to improve mechanical and electrical works' time 
performance in Coal-Fired Steam Power Plant Construction Projects. Data was collected using questionnaire 
surveys from contractors involved in Coal-Fired Steam Power Plant Construction Projects and analyzed using the 
Delphi method and qualitative risk analysis. The result of this study is a WBS standard for mechanical and electrical 
works of a Coal-Fired Steam Power Plant Construction Project that contains the scope of works up to 8 levels. This 
study also identifies 47 responses of the 13 highest risks which affect project time performance as input for risk-
based standardized WBS development to prevent, reduce, or eliminate possible events that can delay the completion 
of the Construction Project. 
 
Keywords 
WBS standard, Risk factors, Mechanical and electrical works, Coal-Fired Steam Power Plant, and Time 
performance. 
 
1. Introduction 
In order to increase economic growth through infrastructure development in Indonesia, the government is making 
efforts to accelerate projects that are considered strategic and have high urgency to be realized in a short period. 
Based on Presidential Decree no. 56 of 2018, the construction of a Coal-Fired Steam Power Plant (CFSPP) is one of 
the Indonesian National Strategic Project programs in terms of the Acceleration of 35,000 MW Electricity 
Infrastructure Development. Power Plant Construction is a complex infrastructure project due to its many 
uncertainties and inherent risks, thus requiring proper management to run the project according to the targets and 
plans (Zegordi et al., 2012). 
 
However, delays often occur in the mechanical and electrical works of CFSPP construction projects in Indonesia and 
have become a phenomenon. PLTU Jeranjang 2, Lombok, experienced Commercial Operation Date's setback from 
2014 to 2020 because, among others, of design changes during the project, which led to much additional work and 
eventually caused a delay in project completion from the initial planned target time (Noviyanthi et al., 2018). PLTU 
Lontar Extension, Banten's Commercial Operation Date, was initially scheduled in 2016 and suffered a setback until 
2020; one of the reasons was the delay in the procurement of critical materials due to design error (Nugraha and 
Radhi, 2017). Sodikin (2013) also found that one of the leading causes of delays in mechanical and electrical works 
of several CFSPP construction projects in Indonesia was the delay in providing PLTU critical equipment such as 
steam turbines, boilers, and generators. 
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Those events show that poor planning is the root of the problem that causes poor time performance in the 
mechanical and electrical works of CFSPP construction projects. Pham and Hadikusumo (2014) and Banobi and 
Jung (2019) stated that poor planning is a common cause in causing delays in power plants and EPC type of 
projects. Due to the large project size and high project complexity, several works were not specified in the initial 
contract because the required work would only appear during the project (Pamarthi and Borra, 2015). Poor planning 
happens due to miscommunication and lack of coordination between stakeholders involved, which can cause many 
adjustments during the project, such as incorrect construction methods, unsuitable design outputs that were applied 
on site, and design outputs that were not up to standard. One reason for the delays in mechanical and electrical 
works of several CFSPP construction projects in Indonesia caused by miscommunication was that workers could not 
understand how to correctly install the critical material that was finished fabricated and delivered by the 
manufacturer (Sodikin, 2013). It needed to be reworked, which eventually hampered the project's completion. 
 
Poor planning also happens due to the high level of uncertainty regarding the CFSPP construction project and the 
failure to identify mechanical and electrical works risk events initially. Sistarani and Bekty (2012) stated a mismatch 
between the design and the unexpected PLTU Tarahan Baru, Lampung, construction project site's environmental 
conditions, causing delays. Pamarthi and Borra (2015) found one cause of delays in the Balance of Plant System 
construction project in India was the changing of project's environmental conditions and were not anticipated at the 
time of planning, causing the need for design changes and delay works. Delayed works cause the project schedule to 
be delayed, construction progress is not achieved, and the project is not realized according to the target (Yahya, 
2011). 
 
It can be concluded that the root causes of project delays are poor Work Breakdown Structure (WBS) planning and 
inadequate risk management. Project planning processes that are not based on a well-designed WBS hierarchical 
structure of project scope tend to be inaccurate, inconsistent, and produce poor planning results, which ultimately do 
not allow effective and efficient control processes (Project Management Institute, 2019a). WBS will be an effective 
schedule controller when each work package is properly understood and defined in the early stages of a construction 
project (Jung and Woo, 2004). Contractors also need to anticipate all possibilities so that potential delays can be 
minimized. It is vital to make a detailed plan by anticipating all risks in each scope of work, so WBS has specified 
all the work, activities, and resources needed to avoid project time overrun effectively (Al Farizi and Latief, 2018; 
Pamarthi and Borra, 2015). 
  
Although each project is unique, WBS for the same type of project can be standardized to have robust estimates of 
essential activities, reduce planning process time, offer a basis for more accurate scheduling, and equalize 
stakeholder perceptions of the scope of work (Blyth et al., 2004; Sitohang et al., 2019). The development of 
standardized WBS for mechanical and electrical works of CFSPP construction projects is not yet available, 
especially one that takes delay risk into account. Therefore, the development of risk-based standardized WBS for 
mechanical and electrical works of a CFSPP construction project to improve time performance is proposed. 
Hopefully, the knowledge gained from this study will lead to better performance and contribute to CFSPP 
construction project management knowledge and practice. 
 
1.1 Objectives 
The objectives of this study are: 

1. To create standardized WBS for mechanical and electrical works of a CFSPP construction project. 
2. To identify risk events that can influence the time performance of the CFSPP construction project's 

mechanical and electrical works. 
3. To develop risk-based standardized WBS for mechanical and electrical works of the CFSPP construction 

project to improve project time performance. 
This study is done from the main contractor perspective, and the development of standardized WBS is limited to 
Main Process System in CFSPP. The research’s object is the CFSPP with PC Boiler type, capacity ≥50 MW, and 
located at Indonesia's seashore. 
 
2. Literature Review 
2.1 Work Breakdown Structure (WBS) 
WBS is a hierarchical decomposition of the scope of work into a series of smaller components to make it easier to 
assess, measure, manage, communicate, and form the basis for project planning. Each level in the hierarchy 
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represents a more detailed definition of project work to achieve project objectives and produce the required 
deliverables (Project Management Institute, 2019a). Deliverables are unique and verifiable products or outcomes 
that are produced to complete the project. WBS assists project managers, project leaders, stakeholders, and other 
interested parties in developing a clear picture of the project's products, deliverables, or outputs. Devi & Reddy 
(2012) concluded that the success of a project is determined by the utilization of the efficiency of the project WBS 
because the WBS is the basis for project planning such as scheduling, cost estimation, resource allocation, and 
project risk identification. 
 
Decomposition is a technique used to divide project scope and project deliverables into small, manageable parts. 
The level of the WBS depends on the size, complexity, and level of detail required in planning and managing the 
project (Project Management Institute, 2019a). Based on (Supriadi et al., 2017)’s research in developing WBS 
standardization for apartment projects, the highest level represents the project itself. This level is then broken down 
into smaller elements of the overall project at the next level, such as work division. The process continues until it 
reaches a level where it can carry out effective and efficient project control. The last level in this hierarchy is called 
the work package, which is the level where the responsibility for the performance of each work package is held by a 
particular individual or organization (Makarfi Ibrahim et al., 2009). One of the essential principles in making WBS 
is the 100% rule: "the total work at the lowest level rolls over to the higher level". This principle ensures that the 
WBS has demonstrated all scope and deliverables and does not include work outside the project's scope. This 
principle applies to all levels of the WBS, so the sum of all jobs at the "child" level is a total of 100% of jobs at the 
"parent" level (Project Management Institute, 2019a).  
 
The CFSPP construction project is an EPC project where the contractor is responsible for all system design 
(engineering), materials and equipment procurement (procurement), erection and installation (construction), and 
system testing (commissioning) so that the CFSPP is ready to operate (Sodikin, 2013). According to Ritsche (2014), 
in general, the WBS hierarchy in EPC projects is structured with the following criteria: 

• Based on the contract: e.g., the scope of work of company A, the scope of work of company B 
• By plant: e.g., plant building 1, plant building 2 
• By time phase: e.g., engineering phase, procurement phase, construction phase 
• By discipline: e.g., civil, mechanical, electrical, instrumentation and control works 

Based on these criteria, the WBS hierarchy can be arranged with a combination of contract grouping, plant, time 
phase, and discipline with alternatives, as shown in Figure 1. 
 

 
 

Figure 1. EPC Project WBS hierarchical example (Ritsche, 2014) 
 

Proceedings of the International Conference on Industrial Engineering and Operations Management 
Harbin, China, July 9-11, 2021

© IEOM Society International 651



2.2 Risk Identification to Improve Time Performance 
Time performance is one of the critical criteria to measure project success. To achieve a successful construction 
project, one of the fundamental things is that the project must be completed within the duration stated in the contract 
(Memon et al., 2019). Nevertheless, poor project time performance has become a global phenomenon, where the 
completion of many construction projects around the world is delayed from the planned target time. Shah (2016) 
found the most influential factors causing delays in construction projects in Australia, Malaysia, and Ghana were 
improper contractor planning and scheduling, choice of construction method, poor project management on-site, and 
project complexity and size. Al-Hazim et al. (2017) found that one of the main delay factors of infrastructure 
projects in Jordan was poor planning and scheduling. Pham and Hadikusumo (2014) examined the often-repeated 
delay factors in petrochemical EPC projects in Vietnam were delays in the approval of shop drawings and materials, 
changes in project specifications and scope, unclear designs, poor communication and coordination between 
contractors and other parties, ineffective planning and scheduling, and inadequate control procedures. Ruqaishi and 
Bashir (2015) identified the causes of delays in Oil and Gas Industry construction projects were poor management 
and supervision on-site by contractors, problems with sub-contractors, improper planning and scheduling by 
contractors, poor management of contractor schedules, late delivery materials, lack of effective communication 
between stakeholders, especially in the engineering and procurement phases. Zidane & Andersen (2018) also 
identified ten main factors of delay in universal construction projects, namely design changes during construction, 
late contractor payments, slow decision-making processes, poor planning and scheduling, poor supervision and site 
management, incomplete designs, lack of contractor experience resulting in inappropriate construction methods, 
contractor and owner financial difficulties, lack of resources, and poor workforce productivity. Arantes and Ferreira 
(2020) studied the leading causes of construction project delays and obtained results that were similar to other 
studies, namely improper planning that can result in errors during construction, delays in sub-contractor works, 
inappropriate construction methods used on-site, poor quality control, and inefficient site management which leads 
to material damage, improper material quality, unavailability and malfunction of equipment, lack of skilled 
workforce, and rework due to poor sub-contractor works. 
 
A risk is an uncertain event or condition that, if it occurs, has a positive or negative effect on the project objectives 
(Project Management Institute, 2019b). The causes of these delays are mostly a series of events that occur during the 
project that cause an increase in project completion time which has many negative impacts. Therefore it is necessary 
to anticipate by identifying risk events that can affect the project completion time to reduce the possibility of delays 
(Iranmanesh et al., 2007). In order to produce a detailed plan, risk events are identified from WBS as a form of 
anticipation of all possibilities that can affect the time performance of each element of the mechanical and electrical 
works of the CFSPP construction project (Le-Hoai et al., 2013) 
 
Identifying risks that affect time performance in power plant and EPC projects have been done previously in several 
studies. Hui and Qin (2011) identified the risks in the EPC project, which are: force majeure; the volume of work is 
not according to plan; changes in engineering design during construction, design is not according to the 
requirements; the supplier is late in sending equipment/materials; material/equipment purchased may be 
damaged/lost during the delivery to the location; material/equipment components do not meet the requirements. 
Tamin et al. (2015) examined the risks that could cause delays in the EPC project, namely: the activity stages were 
not as planned; the sub-contractor procurement process was slow; the procurement of materials/equipment was sub-
standard; errors in the results of the project site investigation; errors in executing the work so that it had to be 
reworked; delays in material and manufacturing procurement processes; a limited number of workforce and 
equipment; errors in executing commissioning & tests due to construction errors or due to the high level of difficulty 
of tests; late testings and standard operating procedures testings. Amalia (2016) studied the risks that can occur in 
the EPC project procurement phase, which are: critical equipment arrival delay; error in project implementation cost 
estimation; the quality of the material available to the vendor does not match the initial contract, so the 
specifications obtained are not appropriate; an error occurred in determining the size of the material, so it was 
necessary to re-purchase to obtain the suitable design size; vendors and sub-contractors have been overloaded so that 
the completion of work is delayed; delay in the arrival of goods caused by vendors; approval drawings and 
specifications from the project owner take a long time. All these risk identifications are then adapted as initial risk 
identifications for this study. 
 
2.3 Risk-Based Standardized WBS Development 
Several researchers in Indonesia have researched the development of risk-based WBS standards in several types of 
construction work, such as apartment (Supriadi et al., 2017), High Rise Building (Elsye et al., 2018), Precast Bridge 
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(Kurnia et al., 2018), Steel Bridge (Al Farizi and Latief, 2018), Dam (Mustain et al., 2019), Airport (Sitohang et al., 
2019), Seaport (Susiawan et al., 2019), High-Speed Railway (Jati and Latief, 2020), and Coal Mining (Maulana and 
Latief, 2020). The flow of the risk-based standardized WBS development is as follows: 

• Develop standardized WBS obtained from previous project data such as contract documents and Bill of 
Quantities which experts then validate; 

• Identify risks that can affect project performance, in this case, time performance, on each element that 
makes up the WBS, namely work packages, alternative methods/designs, activities, material resources, 
tools and techniques resources, workforce resources, and the environment; 

• Determine the highest risk variables that affect project performance, in this case, time performance; 
• Determine preventive and corrective responses from the highest risk and group these responses into five 

categories, namely: 
1) Addition for the managerial item: activities required to execute the project or risk response related to 

project activity management from the initial planning stages to project implementation. Addition for 
the managerial item aims to manage projects based on the management or system of a project 
organization. 

2) Addition for other WBS elements: risk response in the form of activities or work items added to other 
WBS elements unrelated to the risky activities, for example, in different work packages or even in 
disciplines other than mechanical and electrical works. 

3) Addition for the relevant WBS elements: risk response in the form of activities or work items added to 
the relevant and risky WBS element or work package. This is based on the company or organization's 
policy regarding how it wants to control the work. 

4) Addition for project requirements: risk response related to project or specific work requirements, 
which can be included in the Work Instruction, Term of Requirements, or Contract. It is also based on 
the company or organization's policy regarding its extent to control the work. A company may consider 
making the risk response a project requirement if the risk response that affects resources occurs only 
under certain conditions. It is sufficient to include it only in work instructions. If the work is 
transferred to a third party (subcontractor/vendor), the main contractor only needs to ensure that the 
work items will be carried out with the risk response in mind. 

5) Additional item that affects the coefficient of the resource productivity: risk response related to 
resource productivity. The coefficient of materials is related to material waste and material 
composition, the coefficient on the tools and techniques is related to the capacity, and the coefficient 
on the workforce is related to the workforce productivity. 

 
3. Methods 
This research used a qualitative approach to answer the research objectives. For research objective 1, data were 
collected from 9 past projects' data archives and standard bid documents of the CFSPP construction project. Data 
were then developed into WBS and analyzed with the Delphi method validation by three experts for verification and 
clarification. The profile of experts is shown in Table 1. 
 

Table 1. Profile of Experts 
 

Expert Position Education Work Experience 
Expert 1 Principal for Project Management S2 33 years 
Expert 2 Partner Project Advisory Group S2 25 years 
Expert 3 Managing Director S3 35 years 

 
For research objective 2, data were collected from extensive literature reviews then tailored to the developed WBS 
standards for mechanical and electrical works of CFSPP construction projects. Data were then analyzed with the 
Delphi method validation by three experts with profiles, as shown in Table 1 for verification and clarification. After 
validation, data were developed into a questionnaire to determine the value of risk events that affect the time 
performance of mechanical and electrical work projects for PLTU construction by filling the frequency and impact 
scale in Likert to analyze the highest risks. The questionnaire was then distributed to 20 respondents that have 
CFSPP construction projects experiences. The profile of respondents is shown in Table 2. Data collected from the 
survey were then analyzed with homogeneity test, reliability test, and validity test using SPSS software to ensure the 
data are homogenous, reliable, and valid. 
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Table 2. Profile of 20 Respondents 
 

No. Position Total Sample 
1 Project Manager 3 
2 Construction Manager 2 
3 Project Control Manager 3 
4 Project Engineer / Staff Engineer 6 
5 Quantity Surveyor 4 
6 Construction Planner 2 

No. Company Total Sample 
1 PT. A 4 
2 PT. B 5 
3 PT. C 4 
4 PT. D 3 
5 PT. E 4 

No. Education Total Sample 
1 D3 1 
2 S1/D4 17 
3 S2 2 

No. Work Experience Total Sample 
1 ≤5 years 3 
2 6-10 years 5 
3 11-15 years 7 
4 ≥16 years 5 

 
The following process is to analyze data using qualitative risk analysis. Qualitative risk analysis is the process of 
prioritizing project risks for further analysis by assessing the probability/frequency and the impact of the risk events 
(Project Management Institute, 2017). The way to determine the risk value is by multiplying the 
probability/frequency value with the impact value and determining the level by using a predetermined probability 
and impact matrix. The assessed risk events are then ranked to obtain the highest risk events. 
 
For research objective 3, data were collected from extensive literature reviews to find the causes, the impacts, the 
preventive and corrective actions taken as responses to the highest risk events obtained from the previous process. 
Preventive and corrective actions were then analyzed more deeply to be grouped into five categories of additional or 
recommended activities for the development of risk-based WBS standards based on the method used in previous 
researches. 
 
4. Results and Discussion 
4.1 Standardized WBS 
Standardizing WBS begins with developing the compiled data into WBS hierarchy form. After validating the WBS 
standard to the experts, some improvements must be made where the CFSPP construction project is decomposed to 
the sub-systems grouping that makes up the CFSPP primary systems. Furthermore, each sub-system is decomposed 
based on the CFSPP's system/facility that meets the definition of each sub-system group, which are then referred to 
as sub-sub-systems. After grouping these sub-sub-systems, the work breakdown is grouped based on the work phase 
so that the contractor can distinguish the product from each phase so that it is easy to control. The work breakdown 
from each phase of work is then grouped based on work disciplines, including mechanical and electrical works, 
which are the objects of this research. Piping works that are part of mechanical works are recommended by experts 
to be separated from mechanical works for efficient project management. Then each of these disciplines is 
decomposed into works down to the smallest level, the work package. 
 
For the risk identification process, it is necessary to decompose work packages into activity levels based on work 
methods and add the breakdown of the resource of each activity so that the risk identification can be more specific 
and detailed in work methods, activities, and resources. Work methods, activities, and resource breakdown are not 
WBS, but to develop a risk-based WBS, they are added after the work package. 
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Based on the things above, the WBS standard is obtained as follows and shown in Figure 2. 
 

 
 

Figure 2. Standardized WBS for Mechanical and Electrical of a CFSPP Construction Project 
 
Level 0 is the system as the main deliverable, namely ≥ 50 MW CFSPP (PC Boiler type). Level 1 is the sub-system 
grouping of the CFSPP. Level 2 is sub-sub-system grouping, namely the breakdown from the previous sub-system. 
Level 3 is the project phase grouping. Level 4 is discipline grouping in each phase. Level 5 is the sub-work of each 
discipline. Level 6 is the work package. Level 7 is the activity in producing each work package based on the selected 
method and design. Lastly is level 8, which is the resource breakdown from each activity.  
 
4.2 Risk Events 
The following process is to identify the risks inherent in the WBS standard developed, based on the literature review 
regarding the causes of delays in the previous CFSPP construction projects and the identification of risks that several 
other researchers have studied. CFSPP construction project risks are identified only on critical works on the critical 
path, which can be seen from several previous project schedules, namely, works in the Main Process sub-system. 
 
The results of expert validation obtained 89 variables which were then distributed to 20 respondents to provide a 
scale of frequency and impact levels for each variable. The risk value calculation with qualitative risk analysis 
determined 76 high-level risk variables and 13 moderate-level risk variables. The qualitative risk analysis results 
also showed the ranking of risk priorities that need to be analyzed further, which generally depend on the 
company/organization policy (Project Management Institute, 2017). This study was limited to only analyzing risks 
that have the highest priority to be mitigated due to the very high probability of the events or their very high impact 
on the time performance. The respondents' survey results were then re-validated by experts and are shown in Table 
3. 
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Table 3. The Highest Risks that Affect Time Performance of Mechanical and Electrical Works of the CFSPP  
Construction Project in Indonesia 

 

Variable Risk Events that Affect Time Performance of the CFSPP construction project’s mechanical and 
electrical works 

Category: Work Package 
X1 Late completion of Boiler Pressure Parts Erection & Equipments Installation 

X16 Late completion of Detail Design for Boiler & Auxiliaries System and Steam Turbine Generator & 
Auxiliaries System Mechanical Works 

Category: Alternative Method / Design 

X33 Boiler & Auxiliaries System and Steam Turbine Generator & Auxiliaries System Mechanical Works designs 
are not in accordance with plan/contract specifications 

X39 The planned design of Boiler & Auxiliaries System and Steam Turbine Generator & Auxiliaries System 
Piping Works cannot be implemented on the project site  

Category: Activity 

X41 Delay in procurement/delivery of Boiler Proper (Equipment, Pressure Parts, Non-Pressure Parts, Auxiliary) to 
the project site 

X45 Delay in procurement/delivery of Steam Turbine & Auxiliaries to the project site 
Category: Material Resources 

X58 The quality of Boiler Pressure Parts and equipment that arrived at the site is not achieved/did not meet the 
planned specifications, so it has to be re-fabricated 

X63 The quality of Steam Turbine & Auxiliaries that arrived at the site is not achieved/did not meet the planned 
specifications, so it has to be re-fabricated 

Category: Tools and Techniques Resources 
X78 Lifting equipment (winch/hoist/crane) is damaged when it is about to / is in use 
X80 Specification of lifting equipment (winch/hoist/crane) is not according to plan 

Category: Workforce Resources 

X83 The qualifications and specialization of the workforce at the construction phase (mechanical, electrical, and 
piping work) are not in accordance with the plan 

X86 The number of the workforce is not according to plan / not available during the construction phase 
(mechanical, electrical, and piping works) 

Category: Environment 
X87 Natural disaster occurs 

 
4.3 Risk-Based Standardized WBS 
The last process is to develop the risk-based standardized WBS, which begins with analyzing the causes and impacts 
of each of the highest risks of each risk category obtained from the previous research stages. After knowing the 
causes and impacts, 28 preventive actions and 19 corrective actions were formulated to prevent risks from occurring 
or minimize the risk impacts (known as risk response) and increase the time performance of mechanical and 
electrical work of the CFSPP construction project. These actions are recommended additional activities to complete 
the WBS standard for mechanical and electrical work for PLTU construction projects. However, not all risk 
responses can be added directly into the WBS standard hierarchy. Risk responses can be categorized into five 
groups, which are: Addition for the managerial item;  Addition for other WBS elements; Addition for relevant WBS 
elements; Addition for project requirements; and Additional item that affects the coefficient of the productivity of 
the resources (Al Farizi and Latief, 2018; Elsye et al., 2018; Jati and Latief, 2020; Kurnia et al., 2018; Maulana and 
Latief, 2020; Mustain et al., 2019; Sitohang et al., 2019; Supriadi et al., 2017; Susiawan et al., 2019). The grouping 
of preventive and corrective actions as responses to the highest risks are shown in Table 4 and Table 5. 

 
Table 4. Preventive Actions as Recommendations for the Development of Risk-Based WBS Standard 

 

Risk Variable Preventive Actions 
Group Recommendation for Risk-

Based Standardized WBS 
Development 1 2 3 4 5 

X1, X41, X45 TP1 Earlier procurement V         Addition for the managerial item 

X41, X45 TP15 Conducting sea traffic survey    V     Addition for relevant WBS 
elements 

X58, X63, X80 TP17 Sharpen the contract specifications       V   Addition for project 
requirements 
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Table 5. Corrective Actions as Recommendations for the Development of Risk-Based WBS Standard 
 

Risk Variable Corrective Actions 
Group Recommendation for 

Risk-Based Standardized 
WBS Development 1 2 3 4 5 

X1, X16, X33, 
X39, X41, X45, 
X58, X63, X78, 

X80 

TK3 

Reviewing the project progress 
status so that acceleration (Fast 
Track & Crashing) can be 
carried out on the critical path 

V         Addition for the managerial 
item 

X86 TK13 Increase the number of the 
workforce as needed         V 

Additional item that affects 
the coefficient of the 
productivity of the 
resources 

X83 TK15 
Replace with experienced and 
reputable specialist sub-
contractors 

V     V   
Addition for the managerial 
item & addition for project 
requirements 

 
After knowing the risk responses grouping, the standardized WBS were then enhanced with the risk responses as an 
effort to prevent, reduce, or eliminate possible events that can delay the completion of the mechanical and electrical 
works of the CFSPP construction project as shown in Table 6. 
 

Table 6. The development of Risk-Based Standardized WBS for the CFSPP Construction Project 
 

Level 4 - 
Discipline 

Level 5 - 
Sub-Work 

Level 6 – Work 
Package Level 7 - Activity 

Recommended project time performance 
improvement activities 

Addition for 
the 

managerial 
item 

Addition for 
project 

requirements 

Additional 
item that 

affects the 
coefficient of 

the 
productivity of 
the resources 

Mechanical 
Works 

Material 
Procurement 

Boiler Proper 
(Pressure & 
Non-Pressure 
Parts, 
Accessories) 

Preparation of 
tender 
documents/request 
for 
quotation/inquiry 
for Boiler Proper 
Procurement 

Earlier 
procurement 

  

      

Sending invitations 
and tender 
documents/request 
for 
quotation/inquiry 
for Boiler Proper 
Procurement 

  

      

Offers admission 
and selection for 
Boiler Proper 
Procurement 

  

      

Winner 
designation/Vendor 
selection for Boiler 
Proper 
Procurement 

  

      

Creating and 
sending purchase 
order/contract to 
the selected vendor 
for Boiler Proper 

Sharpen the 
contract 

specifications 
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Level 4 - 
Discipline 

Level 5 - 
Sub-Work 

Level 6 – Work 
Package Level 7 - Activity 

Recommended project time performance 
improvement activities 

Addition for 
the 

managerial 
item 

Addition for 
project 

requirements 

Additional 
item that 

affects the 
coefficient of 

the 
productivity of 
the resources 

Procurement 

      
Manufacture 
Inspection of 
Boiler Proper 

  

      *Conducting sea 
traffic survey 

  

      Shipment/Delivery 
of Boiler Proper 

  

      
On-site acceptance 
of Boiler/contract 
closing 

  

 
5. Conclusion 
The result of this study can be concluded as follows: 

• The standardized WBS for mechanical and electrical works of the CFSPP construction project were 
decomposed into eight levels. Level 0 is the system as the main deliverable, namely ≥  50 MW CFSPP (PC 
Boiler type). Level 1 is the sub-system grouping of the CFSPP. Level 2 is sub-sub-system grouping, 
namely the breakdown from the previous sub-system. Level 3 is the project phase grouping. Level 4 is 
discipline grouping in each phase. Level 5 is the sub-work of each discipline. Level 6 is the work package. 
Level 7 is the activity in producing each work package based on the selected method and design. Lastly is 
level 8, which is the resource breakdown from each activity.  

• Risks that affect the performance of mechanical and electrical works of the CFSPP construction project 
were then identified from the WBS standard, with a total of 89 risk events. The 13 highest risks were 
determined based on survey results and experts validation. Those consist of the two highest risks in the 
work package category; the two highest risks in the alternative method/design category; the two highest 
risks in the activity category; the two highest risks in the materials resource category; and the two highest 
risks in the tools and techniques resource category; and one highest risk in the environmental category. 

• From the highest risks, 28 preventive actions and 19 corrective actions were formulated in response to these 
risks. These risk responses then became additional or recommended activities which, if implemented, can 
prevent or reduce the impact of risk events that can cause project delays. The risk-based WBS standard 
serves as the basis in project planning and controlling the time performance to achieve project goals 
completed on time. 
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