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Applicability of the Guide

This guide defines and explains the basic principles of schedule risk analysis.
The guideline is intended to provide a schedule-dependent risk analysis mainly for the owner related process industry. It con-
tains instructions for creating a schedule risk analysis and explains it by using examples.

1. Preparing the schedule

The purpose of schedule risk analysis is[7]:

e to identify risks of project activities

e to present possible schedule risks / delays of a project transparently at an early stage,
e to determine the cost and time for project specific contingency

e to analyze schedule risks easily and repeatably according to consistent standards.

The starting point for a schedule risk analysis is a high-level schedule. This schedule identifies milestones, project areas and
deliverables that require action. Normally, this schedule is presented as a GANTT chart, but for schedule risk application a Cri-
tical Path Method (CPM) schedule is best to work with.

In the owner related process industry the required level of schedule is typically determined in a phase gate process.

1.1. Phase Gate Process

To plan and execute investment projects effectively a structured approach is needed which is often organized in a phase gate
process. The process organizes the sequence of activities to engineer, design, procure and construct capital projects into pha-
ses. The main phases of an investment project, as described by Dysert[10], are:

Phase 1: Front-end loading
Phase 2: Execution (detail engineering, procurement + construction),
Phase 3: Operation (start-up, ramp up and running the plant)

The main phases are subdivided further and at the end of each phase, a “gate review” is conducted to 1) ensure project deliver-
ables meet sufficient accuracy / quality standards and to 2) provide a decision point to progress to the that stage as shown in
Table 1.

The Phase Gate Process has a common structure and consists of three main elements:

¢ Inputs: Deliverables based on owner approval requirements / accuracy for each gate. The owner organization
typically decides which deliverables are required to pass a gate.

e Criteria: Questions or metrics by which the project is judged to determine a result and make a prioritization
decision.

e Outputs: Results of the phase gate process, along with an approved action plan for the next gate, and a list of deliverables
and date for the next gate.

Good Front End Loading (FEL) definition practices result in more competitive and predictable project outcomes in terms of safety,
cost, schedule, and asset performance. They ensure that the project scope is aligned with the business goals. With good FEL,
late changes in scope are minimized. At the completion of FEL, the project has a detailed budget and schedule that serve as the
basis for project control during project execution.
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Main Project Phases Subdivision Project Phases _

Front-End Loading Front End Loading 1: Business Plan- Class 5 Estimate, Level 1 Schedule, High-Level
Phase (FEL1—FEL3) ning; define robust business case Risk Analysis
Phase Gate 1 - continue project

- stop project
- put project on hold
- re-evaluate/ rework project

Front End Loading 2: Scope Plan- Class 4 Estimate, Level 2 Schedule, Risk Analysis
ning; review project concept and
complete scope limits

Phase Gate 2 - continue project
- stop project
- put project on hold
- re-evaluate/ rework project

Front End Loading 3: Project Plan- Class 3 Estimate, Level 3 Schedule, Risk Analysis
ning; define baselines (scope, cost,
time) for execution
Phase Gate 3 - continue project
- stop project
- put project on hold
- re-evaluate/ rework project
Execution Phase Detail Engineering and Procurement Class 2 Estimate, Level 4 Schedule, Risk Analysis
Construction

Hand-Over

Operations Phase Start-up and Commissioning

Table 1: Typical phase gate process in the owner related process industry

Gate Reviews mark intermediate check points before each gate where the project status including project resources is verified,
and next steps are discussed as well as further guidance is given.

The required documents per phase / gate can be aligned to internationally recommended practices like estimation classes from
AACE international RP 18R-97 [2].

All phases should include as deliverables

® a proper scope description

¢ a well-developed risk management,

e schedule,

e and cost estimate.

All deliverables depend on the maturity of the project.
The maturity level of project definition deliverables increases by every phase gate. Typically, the maturity level of gate 1is 0-2%
for the business case and may increase up to 40% for Gate 3 (100% = complete definition).
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1.2. Scheduling

The Phase Gate Process corresponds to the cost estimation classes and the schedule levels used. During FEL1 the schedules
start with a high-level view meant for stakeholders. As the project moves on, the level of detail for the schedule will become
much more detailed in order to fit project execution needs.

In this guideline, we have compiled a concise summary based on multiple authoritative publications mainly from AACEi [3][6]
[9]. The aim is to provide readers with a comprehensive overview of the scheduling process, highlighting its key components
and best practices.

Schedule planning starts with translating work package scope into manageable activities and determining the manner and
sequence (i.e., logic) in which these activities are best performed.

In early phases the work packages are highly aggregated. They might depicted simply as bars over the entire phase, shown in
the high-level schedule in Table 2.

High level schedule

Start 01.01.2022 Project Size L

Activity Duration

Start End date  Duration in

months

Kick-off FEL1 ¢ 01.01.2022
FEL1 FEL1 01.01.2022| 01.06.2022 5
FEL 1 Gate ¢ 01.06.2022 0
FEL2 FEL2 02.06.2022] 02.12.2022 6
FEL 2 Gate L3 02.12.2022 2
FEL3 FEL3 03.12.2022| 02.08.2023 8
Permit Permits 02.03.2022| 29.08.2023 18
FEL 3 Gate / Main AR ¢ 02.10.2023 2
Detail Eng Detail 03.10.2023| 01.10.2024 12
Procurement / Contracting Procurement 03.10.2023| 01.10.2024 12
Construction Construction 02.10.2024| 31.05.2026 20
Mechanical Completion * 31.05.2026 1
Start up +| 01.06.2026( 01.07.2026 1
e T T T T N _o1.01.2022[ 01.07.2026| 54

Table 2: High level schedule

The means, methods, and resources required for accomplishing the activities are then identified, alternatives evaluated, and
the responsibility and accountability for each activity assigned. Schedule planning concludes with estimating the duration of
the sequenced activities based on adequate resources being available and planned means and methods. Planning is a conti-
nuously iterative process. The result of schedule planning in later project phases is a schedule model of the project’s execution
plan used to monitor and control for successful completion as shown in the Level 2 schedule in Table 3:

ASONDJFMNAWM J D FiMiIAIM J
Name - Dur - Start - End - 121 12425 2% 29 30 3 36 37 38 39 40 41 43
1 i‘ Project Schedube (Level 2) I 1127 Tage Fre 01.01.21 Mon 28.04.25
2 FEL1 128 Tage Fre 01.01.21 Die 29.06.21
T » FEL2 180 Tape Mit 30.06.21 Die 22.03.22
18 4 FEL3 200 Tape Mit 291221 Die 04.10.22 w FEL3
19 Process Documents & Equipment Data Sheets 98 Tage Mit 291221 Fre 12.05.22 h Process Documenls & Equipment Data Sheels
20 Salety Revinw 40 Tage Man 16 05 22 Fre 08 07 22 [ Salely Review
21 30 Model Davelopmant - Main Process Buildng 120 Tage Mmir?a12 21 e 14 06 22 I 30 Model Development - Main Process Bullding
22 Foundation Design / Bidding ! Piling IFC @0 Tage Mit 15 06 22 e 04 10 22 e Foundatipn Design | Bidding / Piling IFC
23 Mech [ala Shests - Standard Equipment &l Tage Man 160527 Fre 5 08 22 W Mech. Data Shoets - Standard Equipment
24 CaalEslimate 30 Tage Wan 11.07 22 Fra 1908 22 I Cost Estimate,
25 Review & Approval Pracess 30 Tage Mon 22 08 27 Fre 3009 22 o Review & Approval Process
26 FEL 3 Gate / Main Approval 0Tage Fre 30.09.22 Fre 20.09.22 4 FEL 3 Gaje | Main Approval
27 Automation System Specification 20 Tage Hon 16.05.22 Fre 10.06.22 [0 Automation System Specilication
28 Preliminary Civil { Architectural Design - Control Room 20 Tage Hon 13.06.22 Fre 08.07.22 [ ] Crvil Design - Controd Hoom
29 Main Electrical System Design 20 Tage Won 16.05.22 Fre 10.06.22 [0 Main Electrical System) Design
30 Preliminary Civil | Architectural Design - Swithroom, Rack Reom 20 Tage Hon 13.06.22 Fre 0B.07.22 ¥ Cwvil | Design - n, Hark Hoom
3 4 Permilting 240 Tage Mit 29.12.21 Die 26.11.22 W Permitting
32 Permitting Documents / Clarifications 180 Tage Mit29.12.21 Die 06.09.22 Permitting Documents | Clarifications
33 Permilling Period &0 Tage Mit07.08.22 Diw 20.11.22 I Permitting Period

Table 3: Excerpt from Level 2 schedule
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Bar Chart / Gantt Chart

The schedules presented in Table 2 and Table 3 are bar chart schedules. A Gantt chart is a type of bar chart that illustrates a
project schedule. This chart lists the tasks to be performed on the vertical axis, and time intervals on the horizontal axis. The
width of the horizontal bars in the graph shows the duration of each activity. Bar charts illustrate the start and finish dates of the
individual and summary elements of a project. Bar charts can be used to show current schedule status using percent-complete
shadings and a vertical "TODAY" line as well as the critical path.

Critical Path Method
The critical path method is a scheduling technique used to determine the length of a project by identifying the critical path. The
diagram in figure 1 shows the critical path scheduling method which is used in most schedules.

Duration 15 5
Activity F G
Earliest start & finish 11 25 36 40
Latest start & finish 26 40 41 45
Total Float 15 5

Duration 10 20 5 10 20
Activity A —» B —5» C —» D —>» E
Earliest start & finish 1 10 1 30 31 35 36 45 46 65
Latest start & finish 1 10 1 30 31 35 36 45 46 65
DRAG 10 15 5 5 20

Duration 15
Activity

Earliest start & finish 11 25
Latest start & finish 31 45
Total Float 20

critical path
Drag = Delay amount

Figure 1 Critical path schedule

In this diagram, Activities A, B, C, D, and E comprise the critical or longest path, while Activities F, G, and H are off the critical
path with floats of 15 days, 5 days, and 20 days respectively. Activities that are off the critical path can be delayed for a certain
amount of time (“float”) without delaying completion of the project, those on the critical path will usually have critical path drag,
i.e., they delay project completion.

In creating a schedule, a certain amount of time is usually set aside as a contingency against unforeseen delays. This time is
called scheduling variance or float.
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1.3 Scheduling levels for Engineering Procurement & Construction (EPC)

There are many scheduling levels, and many companies have their own system to report project performance. In addition, spe-
cification varies between numeric schedule levels and descriptive methods, as described in detail in AACE publications [3][9].
Table 4 shows a short overview of the scheduling levels as described in Recommended Practice 37 R-06 [3].

Schedule Level Methodology

Level 1 Schedule Concept Project Milestone Schedule
Screening Level 1 schedules are high-level schedules that reflect the summary of activi-
ties by phase and key milestones of the project being executed

Level 2 Schedule Study or Project Summary Schedule
feasibility Level 2 schedules are prepared to show the break-down into various discipli-
nes responsible for the major activities. Critical paths are not yet detectible at
this level
Level 3 Schedule Budget aut- Project CPM Schedule
horization or Level 3 schedules are generally prepared using the critical path method for
control each of the contracting parties and are used to monitor work package pro-

gress. Level 3 is preferred for the overall project control schedule since it is
neither too summarized nor too detailed.

Level 4 Schedule Control or Project Control Schedule
bid/tender Level 4 schedules are prepared to communicate work packages at deliverable
level. The level of schedule subdivision is broken down to whatever is the
appropriate detail for the user.
This schedule level should reflect interfaces between key elements that drive
completion of activities.
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2. Starting with Risk Management

Like the schedules, the risk analysis is carried out at different levels in each phase of the phase gate process. For the prepara-
tion of a risk analysis, a risk management process needs to be established which is explained in more detail below.

2.1. Definition of risk
In AACE RPs [1][9] a risk is defined as an uncertain event or condition that could affect a project objective or business goal.

Risks can be categorized further::

e External risk: A risk that is not caused by and/or not in the direct control of the project team.

e Internal risk: A risk that is caused by and/or in the direct control of the project team.

* Project specific risk: A risk that is uncertain and related to events that are specific to the scope of a project. (e.g. weather, soil
conditions, etc.).

¢ Systemic risk: A risk that is uncertain and that is an artifact of a project system, culture, strategy, complexity, technology, ...

Risk management is a systematic and iterative process comprising four steps:

1. Plan to establish risk management objectives.

2. Assess to identify and analyze risk in a risk register.

3. Treat - by planning and implementing risk responses; and

4. Control - by monitoring, communicating and enhancing risk management effectiveness.

2.2. Risk Management Process

Monitor and Risk
Control Assessment
NS

Determine Avoid
Contingency Mitigate
Transfer
Accept

Figure 2: Risk Management framework
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STEP 1: RISK IDENTIFICATION

The starting point of the risk management process is the risk identification.

PMI describes risk identification in its PMBOK® Guide 2013 as: “Risk identification is the process of determining all — external,
internal and technical - risks”, which requires thorough analysis and involvement from key industry participants and specifical-
ly with experience in the task to be assessed. Risk identification is an iterative process as many risks may evolve or arise as the
project moves into different phases.

Discrete vs. Systemic Risks

The separation of systemic and discrete (project specific) risks should be the first step of the risk identification process. This
step is relevant as it focuses the attention of the team on identifying the project specific circumstances.

¢ Systemic risks: Based on the definitions from Recommended Practice 42R-08, 2021, systemic risks are defined as “an artifact
of the project system, culture, business, strategy, technology, complexity” and so on. These risks tend to be “owner” risks and
are not easily transferable to the contractors. Systemic risks are typically recorded by the owner and identified based on past
experiences during executed projects and on the evaluation of lessons learnt, past project risk registers and documentation
on project development. The inclusion of systemic risks in the simulations should be considered whenever a risk assessment
is developed.

¢ Discrete risks: Discrete (project specific) risks, as the name implies, are directly associated with the project. Some examples of
this include, amongst others, weather, delivery delays, quality issues. These risks are typically identified at project risk work-
shops where the team analyzes the project specific circumstances that might affect the project outcome.

The outcome of the risk identification process is a Risk Register as shown in Table 5.
STEP 2: RISK ASSESSMENT

The next step in the risk management process is the risk assessment. Risk assessment integrates a qualitative and a quantita-
tive dimension.

Qualitative analysis:
The AACE RP 10S-90 defines the qualitative risk analysis as “Risk analysis used to screen risks wherein risk probabilities of oc-
currence and impacts are expressed narratively or in ranked categories of severity. Typically incorporates use of a risk matrix. “

Quantitative Models:

According to AACE RP 10S-90 the quantitative risk analysis is also known as QRA. The quantitative risk analysis is: “used to
estimate a numerical value (usually probabilistic) on risk outcomes wherein risk probabilities of occurrence and impact values
are used directly rather than expressing severity narratively or by ranking as in qualitative methods.” This method creates a
combined probability and impact matrix that indicates the severity of the risk.

This matrix is adapted from PMBOK® Guide, 2013 and presented in Figure 3.

This risk matrix is used to determine the risk categorization and define the strategic responses to those risks.

Assigning likelihood (probability) and impacts to risks is often a subjective exercise. Some of this subjectivity can be eliminated
by developing rating scales that are agreed upon within the organization. Organizations with a highly mature risk management
may have developed standard risk ranges using historical data and predetermined settings for choosing ratings.

Quantitative schedule risk assessment can be performed using simplified models and/or sophisticated Monte-Carlo based
models. Table 6 summarizes the types of schedule risk assessment.
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Impact
Activities Mainly Impacted (Risk Weeks Probability Probability Risk Activities Mainly Impacted
Discrete Quantifiable Risk Description assignment) (max) (mitigated) (umitigated) Category (Risk Driver Model, 3P-Est) Phase
Environment/
R1 _ |Threat Undefined logistics requirements due to site regulations Civil design basis 8 50% 80%|Site Civil design basis FEL 1 - Study 4
Environment/
R2 |Threat Undefined infrastructure requirements due to site regulations | Civil design basis 8 50% 80%|Site Civil design basis FEL 1 - Study 4
R3 _ |Threat Technology optimization attempts Process definition 8 50% 80%|Technology |Process definition FEL 1 - Study 4
Legal /
R4  |Threat Patent-/ license risks Process definition 8 50% 80% |Market Process definition FEL 1 - Study 4
R5 |Threat Scale-up issues Process definition 8 50% 80%|Technology |Process definition FEL 1 - Study 4
R6__ |Threat Delay in appropriation / gate open Approval process 8 20% 50%|Organization |Approval process FEL 1 - Study 1,6
FEL2-
R7 _ |Threat Process optimization attempts Process definition 4 20% 50%|Technology |Process definition PreFEED 0,8
Environment/|P&Ids, Eqpt Specs, Buildg  [FEL 2 -
R8 |Threat Delayed authority planning due to administrative lapses P&lds, Eqpt Specs, Buildg Design 4 20% 50%|Site Design PreFEED 0,8
Delayed engineering due to increased requirements by Environment/ FEL2-
R9  |Threat authorities Permit approval 4 20% 50%|Site Permit approval PreFEED 0,8
P&Ids / 3D Model or Eqpt
R10 |Threat Increased site safety requirements during SHE review P&Ids / 3D Model or Eqpt Specs 4 20% 50%|Technology [Specs FEL 3-FEED 0,8
R11 |Threat Lack of Client resources for SHE reviews SHE Reviews 4 20% 50%|Organization |SHE Reviews FEL 3-FEED 0,8
Scope changes by Client on equipment specification
R12 |Threat requirements Eqpt Sepcs 4 20% 50%|Organization |Eqpt Sepcs FEL 3-FEED 0,8
Requirement not defined if equipment procured by technology
R13 |Threat provider / licensor Eqpt Sepcs 4 20% 50%|Technology |Eqpt Sepcs FEL 3-FEED 0,8
R14 |Threat Delay in appropriation / gate open Approval process 4 20% 50%]Organization |Approval process FEL 3-FEED 0,8
Lack of resources for project / delay in mobilization of key
R15 |Threat resources 3D Model development 4 20% 50%|Organization [3D Model development Engineering 08
Legal /
R16 |Threat Insufficient, or late vendor data availability 3D Model development 4 20% 50% |Market 3D Model development Engineering 0,8
3D Model development, Automation 3D Model development,
R17 |Threat IT Tool, data inferface issues system design 4 20% 50%|Organization |Automation system design Engineering 0.8
Legal/
R18 |Threat Quality issues with engineering firm 3D Model development 4 20% 50%|Market 3D Model development Engineering 0,8
R19 |Threat Rework due to overlapping of engineering disciplines Civil, piping 4 20% 50%|Organization |Civil, piping Engineering 0,8
R20 |Threat Delay in P.O. process due to internal workflow issues Purchase orders 4 20% 50%|Organization |Purchase orders Procurement 08
Delay in bids due to specification issues (questions,
R21 |Threat ambiguitities) Bidding cycle times 4 20% 50%|Technology [Bidding cylce times Procurement 0,8
Legal/
R22 |Threat Delayed transport / transport damages (overseas only) Deli on site 4 20% 50% |Market Deliveries on site Procurement 0,8
Legal /
R23 |Threat Delayed deliveries due to vendor non-performance (quality) Fabrication 8 20% 50% |Market Fabrication Procurement 1,6
Delayed transport due to import/export restrictions (overseas Legal/
R24 |Threat only) Deli on site 4 20% 50% |Market Deliveries on site Procurement 0,8
R25 |Threat Construction concept not sufficiently planned Equipment installation 4 20% 50%|Organization |Equipment installation Construction 08
Road closures on site or outside of site with delay in concrete Environment/|Steel erection or concrete
R26 |Threat works Steel erection or concrete works 4 20% 50%|Site works Construction 038
Space restrictions due to other projects or site conditions with
R27 |Threat lower producitivty piping Piping 4 20% 50%|Organization |Piping Construction 0,8
R28 |Threat Damage of equipment, late discovery of non-spec equipment |Equipment installation 4 20% 50%|Organization |Equipment installation Construction 0,8
Legal /
R29 |Threat Vendor field support not as specified (on-time, performance) |Equipment installation 4 20% 50% |Market Equipment installation Construction 0,8
Legal/
R30 |Threat Assembly errors / damages Piping 4 20% 50% |Market Piping Construction 0,8
Legal /
R31 |Threat Contractor non-performance (unknown contractor) Piping 4 20% 50% |Market Piping Construction 0,8
Environment/
R32 |Threat Inclement weather conditions for civil works (winter cold) Concrete works 4 20% 50%|Site Concrete works Construction 0,8
Inclement weather conditions for mechanical installation Environment/
R33 |Threat works (summer hot) Piping works 4 20% 50%|Site Piping works Construction 0,8
Environment/
R34 |Threat Running production in area (shut down of works) Piping works 4 20% 50%|Site Piping works Construction 0,8
Safety incidents leading to shut-down of works (poor
R35 |Threat management of safety) Civil works 4 20% 50%|Organization |Civil works Construction 0.8
R36 |Threat Missing spare parts (start-up) Start-up 4 20% 50%|Organization |Start-up Commissioning 0,8
Pre-commissioning,
R37 |Threat Resources not available from Client Pre-commissioning, Commissioning 4 20% 50%|Organization | Commissioning Commissioning 0,8
3D Model development,
01 |Opportunity |Engineering acceleration 3D Model development, Isometrics IFC 4 20% 50%|Organization |Isometrics IFC Engineering 0,8
02 |Opportunity |Fabrication acceleration Fabrication 4 20% 50%|Organization |Fabrication Procurement 0,8
Concrete works, steel
O3 |Opportunity |Construction civil acceleration Concrete works, steel erection works 4 20% 50%|Organization |erection works Construction 0,8
04 |Opportunity |Construction piping acceleration Piping 4 20% 50%|Organization |Piping Construction 0,8
Pre-commissioning,
05 |Opportunity |Commissioning sequence overlapping Pre-commissioning, Commissioning 4 20% 50%|Organization | Commissioning Commissioning 0,8
06 |Opportunity [Out of sequence work civil / mechanical installation Equipment installation 4 20% 50%|Organization |Equipment installation Construction 0,8

Table 5: Typical risk register

90%
70%
50%
30%
10%

aooTlxC

Low

Medium

Medium

Negligible | Medium

Medium
Medium

Medium

Medium

High

impact

Catastrophi

c

Figure 3: Risk probability and impact matrix
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SRA Type Qualitative Quantitative

Evaluation Description of probability and Probabilistic estimates of time (percentage and durati-
impact (high, medium, low) ons)

Complexity Quick and easy to perform Estimate of required time

Methodology No special software or tools Requires specialized tools such as evaluated risk regis-
required ters, spreadsheets.

If required,Monte Carlo simulation software with ability
to model probabilities using statistical functions

Goal Early scenario evaluation, Realistic schedules and contingency
screening evaluation

STEP 3: PLAN RISK RESPONSE

Planning risk response is the process of choosing the preferred mitigation strategy for the specific risk. This assessment iden-
tifies four generic responses that are used for reducing the impact:

* avoid,

e transfer,

* mitigate

e and accept

as shown in figure 4. Companies should determine the response to every risk after a careful examination of the trade-offs that
may arise from this selection.

It can be assumed that managers select the generic response in a rational manner that takes their expertise and evaluation into

account. From the generic responses two groups of risks based on the outcome of their mitigation are created:

e The first group consists of risks that can be mitigated by a generic strategy; after its execution the outcome will have no impact
on the company. These risks can be avoided or transferred. By avoiding and transferring risks a company decides not to deal
with the risk.

* The second group comprises those risks that, although a mitigation strategy is applied, lead to outcomes that are unknown
or can create collaterals. These are risks that are mitigated or accepted.

Mitigating and accepting risks for a company implies a direct impact from the result of the mitigation strategy. This classifica-
tion is called “Residual risks”. “Residual risks” are important due to the lasting effects of mitigation strategies, as these have
a collateral associated that may not be quantifiable. Companies may decide to mitigate or accept a risk for several reasons, but
the most common are a clear understanding of the outcome or the expectancy of having reduced collaterals.
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‘ Accept } Mitigate Avoid or transfer

Figure 4: Risk classification

STEP 4: MONTE-CARLO SIMULATION METHOD

The Monte-Carlo Method consists of several probability calculations to classify the project risk. Therefore, various data are
selected at random and converted to useful information.This approach uses a scenario-based solution where thousands of
potential outcomes that the project may or may not produce are evaluated while assessing the likelihood of their occurrence.

The approach begins with the preparation of a risk assessment workshop; related activities are:
e |dentify those activities which involve uncertainties or risk.

* Decide on corresponding reference points (as a rule: cost, duration of the activity - impact).
¢ Decide on the probability distribution.

e Work out appropriate probability calculations.

® Prepare the simulation model by using cost estimate inputs.

¢ Analyze sensitivities to identify critical risks.

¢ Run and consolidate the probability calculations using a simulation program.

The simulation will rank the probability of an outcome within a probabilistic distribution.

This simulation is usually preferred when:

¢ A portfolio of decisions needs to be considered where multi-variables are evaluated, and a probability distribution is required
to provide additional insights for comparing risk versus value profiles.

¢ High probability events are expected.

e Optimizing a decision variable.

® More than 5-8 chance events are involved.

e Correlations are important.

Note: The quality of the result of this simulation depends to a large extent on the accuracy of the reference points and on the
probability calculation itself. Data that considerably differ from each other will lead to misleading and incorrect results; hence
this method is better when experts are involved and/or historical data is available.

STEP 5: MONITOR AND CONTROL RISK

An important part of the overall integrated risk management process is ongoing monitoring and review of the identified (and
particularly the high level) risks. Risk reviews are typically performed every month as the project progresses and more informa-
tion becomes available.

During the monthly meetings the Risk Register is reviewed by the team, the actions associated with the response plans are
followed up and the status is updated from the initial or previous reviews.
Independent reviews must show the effectiveness of the risk management process as the project progresses.
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3. Schedule Risk Modelling and Assessment

In this step, the schedule and the risk analysis are merged to get a statement about the possible deviations during the project
over time.

When carrying out the schedule risk analysis, the level of schedule risk modelling and assessment depends on the phase gate
and the respective requirements of that gate.

3.1. High Level Schedule Risk Modelling

Even without use of a Monte Carlo simulation, there are ways to conduct schedule risk analysis. Specific impact event risks can
be modeled directly in the high-level schedule by use of what-if scenarios and assessing global risk clusters or categories with
only the most likely impacts as outlined in Recommended Practice No. 64r-11 [7].
Recommended Practice No. 38R-06 [14] states that the “starting point for a Schedule Risk Analysis should be also for a simpli-
fied model the documentation of the schedule basis”.
The following input data is required for the schedule risk analysis:
* Project Description / Objective
¢ Scope of Work (Top level description with project objectives, if possible preliminary quantities e. g. “10 EQP to be installed”...)
e Execution Strategy
* Type of project (new site, addition or expansion, revamp, renovation, relocation, shut down)
¢ Execution Model (e. g. inhouse, EPC, EPsCm...)
® Project driver: quality, time or cost driven
® Funding requirements
e Key Project Dates (e. g. objectives like new capacity)
¢ Planning Basis (e. g. Status of project “FELo / 1”)
¢ Cost Basis (e. g. “factored estimate, ca. 5 Mio € +/- 50%”)
e Assumptions
e Exclusions
® Exceptions

As input, it is helpful to define typical durations of project phases depending on characteristic data of finished projects (e.g.,
Investment Size). The rates in table 7 are indicative and may differ depending on complexity and project type. They need to be
adapted for each company / project.

The process of a Schedule Risk Analysis starts with a risk register. Table 8 shows how to build up a risk register table. Column

1 shows the order of the table headers, column 2 contains the headers of the risk register table, column 3 contains an example
for a 2 — 10 Mio € project for one risk. More examples for typical risks are shown in Appendix 1.

14
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e [ e | cme | oome | e

Phase Duration in months

FEL1 1 2 3 6
FEL2 2 4 6 9
FEL3 4 6 9 12
Permit o} 12 24 24
Detail 4 6 12 18
Procurement / w/o long leads 1 3 5 8
Construction 8 12 15 24
Cold Commissioning 1 1 2 4
Start up 1 2 3 4

Table 7: Typical duration of projects depending on investment size.

15
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No
General Risk Area

Risk Area Description

Schedule Risk

Schedule Risk Description

1
Systemic Risks

Equipment: additional measures for renovation of existing EQP, low
accuracy

X (mark “x” if the risk has a schedule impact)

brownfield: delay because of additional EQP renovation or additio-

nal EQP installation required

Impact on Phase Construction (Predefined from table with characteristic data)
Evaluate risks per phase, do not overlap risks to other phases.
In this case, evaluate risks only for construction phase, do NOT
include commissioning. This needs to be evaluated in extra risk for
commissioning phase.

Typical duration (months) 12 (predefined duration from table with characteristic data)

Risk of delay (Months) 3
9 Risk in Percent of duration 30 %
. Probability 10 %

Table 8: Steps for building a risk register.

Every risk (point 1 - 3) is checked if it has a schedule impact (point 4). If yes, a short risk assessment on this point will be done.
The schedule risk is described shortly (point 5). Then the impact on the phase (point 6) needs to be considered with the typical
duration (point 7) based on the table with characteristic data of projects. The probability (point 10) may be a best guess, expert
judgement of the risk assessing team, based on historical / actual data or a combination of those.

The line-item 9 is the output of the risk register and calculated:

Riskofdelay (Months)
Typical Duration

Riskinpercentofduration =

Schedule Reserve = Probability*riskinpercentofduration

Schedule Reserve months = Probability*riskdurationinmonths

The output of the line items will be summarized by impact per phase (alternatively a Monte-Carlo analysis can be done). Table
9 shows an example.

16
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D

FEL1 36%

FEL2 10%

FEL3 23%

Permit 7%

Procurement / Contrac- 10%

ting

Detail ENG 4%

Construction 16%

Start up 120%

Table 9: Line-item output of a risk register per phase

The result of table 9 can be transferred into a preliminary schedule which is outlined in table 10:

Activity Duration
Start End date  Durabonin Fisks Probable Risk Schedule
months Delay incl. Risk Reserve

Kick-off FEL1 + 01.01.2022
FEL1 FEL1 01.01.2022] 01.06.2022 5 3% 1.8 68
FEL 1 Gate + 01062022 0 0% 0.0 0.0
FELZ FELZ 02.06.2022| 02.12.2022 (1] 108 0.6 6,6
FEL 2 Gate * 0212 2022 2 % 0.0 20
FEL3 FEL3 03.12.2022| 02.08.2023 8 23% 1.8 98
Permt Permits 02.03.2022) 29.08.2023 18 % 1.2 19.2
FEL 3 Gate | Man AR [ 02102023 2 0% 00 20
Detal Eng Detal 23] 01.10.2024] 12 1% 05 125
Procurement / Contracting Procurement 03 10 2023| 01 10 2024 12 108 12 132
Construction Construction 02.10.2024| 31.05.2026 20 16% 31 231
Mechamcal Complebion * 31.05.2006 1 0% 0.0 10
Start up +| 01.06.20256 01.0?.2028| 1 120% 1.2 22
T S N O S M o.01.2022 ot.07 202654 | 2% | i 6

Table 10: Preliminary schedule

The constraints and the interconnection of the schedule need to be checked to give the probable delay as shown in
table 11:

Result Date Months
Start of Project 01.01.2022 o

End of project w/o Reserve 01.07.2026 54
Probable Delay 11

End of project w/ Reserve 08.06.2027 65

Table 11: Example of an end date of a project with and without reserves according to probable risks

17
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In this example the result is a probable risk of delay of 11 months for the project. A summary must be written which describes
the assumptions / exclusions taken. E.g., in early phases systemic risks are mostly influencing the schedule, in later phases
these risks may disappear.

The result of this early analysis will not be an exact schedule risk but will indicate the schedule risk drivers and support the
mitigation.

3.2. Detailed Schedule Level Monte Carlo Simulations

Using the Monte Carlo Method, Schedule Risk Analysis replaces discrete expected values with probability distributions for
quantifying the outcome range of activity durations. Events that may or may not happen are inserted in a schedule risk model to
determine the probabilistic effect of significant risks on the project schedule. Detailed level models are most suitable for mode-
ling schedule risks and contingency at FEL 2 and FEL 3 gates; at this stage risks and the overall execution schedule are known in
more detail as they pertain to execution strategy, contracting parties and interface milestones between subprojects and parties
involved. Detailed schedule level simulations typically follow a three step approach to determine schedule contingency:

¢ Schedule risk model development

e Assignment of schedule risks to the model

e Simulation runs.

3.2.1. Schedule Risk Model Development

More advanced types of schedule risk analyses utilize a critical path method (CPM) type schedule, a mathematical logical net-
work of activities, as the basis for conducting a Monte Carlo Simulation as described in Recommended Practice No. 64r-11 [7].
The CPM model for risk analysis must be adequately constructed and realistically reflect how the identified risks may impact
project activities and overall duration. The model will typically be based on Level 2 type activities (see definition in 1.2.1) which
are to be derived from the CPM Level 3 project schedule.

Summary type CPM based schedule risk models are preferred over highly detailed type network schedules for several reasons

which are described in Recommended Practice No. 49R-06 [5]:

¢ Retaining the ability to conduct meaningful, efficient, and effective schedule reviews as only critical and near critical activities
are incorporated and reviewed.

¢ Better understanding of the model and often by the team.

* Making better use of the project teams’ time when reviewing selected risks and driving activities.

¢ Avoiding a negative impact on modeling due to a larger number of activities paired with undesirable relationship types, lea-
ding to biased and less meaningful models (so called merge bias).

¢ Ability to standardize the schedule risk model for a variety of project types for companywide risk profiles (e.g., greenfield, re-
vamp/brownfield, EPC delivery vs. in-house execution).

The number of activities in a meaningful and mathematically valid summary type schedule risk model was observed to be in the
range of 100-300 per project (e.g., total investment cost in the range of 50-500 Mio EUR). For programs, a combination of higher
level and summary level type schedules and interfaces may be used.

It should be noted that a summary type schedule risk model is typically not the actual project schedule originally used for risk
modelling, and only Finish-to-Start (FS) type relationships should be used. Where necessary, activities must be split and rena-
med to consider the correct logical relationships (e.g., “piping installation” into “start of effective piping installation” and “to-
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complete piping installation”). For all other types of relationships including the use of constraints, risk modelling is not always
possible, and models may provide useless outcomes.

As arule, and observation, only critical (total float equal zero) and near critical activities need to be incorporated into the sche-
dule risk model. They will in most cases drive the results for both earliest and latest possible completion dates. The near critical
float value (larger than zero) may be derived as the maximum observed possible time impact for the evaluated risk register or
based on the risk matrix calibration. Since these highest risks may only influence worst case schedule impact scenarios or the
tail end of the overall resulting project probability distribution, they may be omitted from the modelling and replaced with “Plan
B” type business decisions.

The following figure 5 is an excerpt of a summary type Level 2 schedule model with critical (red) and near critical paths and pre-

ferably only Finish-to-Start relationships. Appendix 2 includes the complete summary level type schedule model.

Endtermin |

Nr. Vergangsname Dauer | Anfangstermin el ez
4 el om [ & " f ) 5 ] g [ [ | Fl oml ol u f i 4 5

2 FEL1 128 01.01.2021 29.6.21

] Kick-aff/Start 0 Tage 0101 2021] 01 .01 20H

] Study 88 Tage 01.01.2021) 04.05.2021

5 Cost Estimate / Review & Approval Pracess 40 Tage 05.05.2021|  29.06.2021 [ ]
3 FEL 1 Gate 0 Tage 29.06.2021)  29.06.2011
7 | Fe2 190 30062001 2232

& Scopee Definition 105 Tage 30.06. 2021 23111

9 Hrocess Concept A0 Tage 30.06.2001) 29082021

10 Site Reguirements / Logistics 30 Tage 30.06.2021)  10.08.2021

11 30 Model Set-up/Laser Scanning 45 Tage 35082021  26.10.2021

12 Automation Concept 30 Tage 25.08.2021] 05.10.2021

13 Const Estimate 20 Tage 27.10.2021]  23.11.2021

14 Mech. Data Sheets - Critical Equipment 60 Tage 29.12.2021) 22.03.2022

15 Permitting Docurnents 45Tege |  27.102021] 28123011

16 Hewiew & Approval Process 25 Tage 241120321 28.13.2001

17 [Tl ? Gate 0 Tage 2812 2021] 2812 20H

FELS 2 lage 4

15 Process Documents & Cquipment Data Sheets 98 Tage 29.12.2021) 13.05.2022

20 Safery Review 40 Tage 15.05.2023 08.07.2022

21 30 Model Development - Main Process Duilding 120Tage | 29.12.2021) 14.06.2022

3 Foumelation Design | Ridding | Piling [FC A0 Tage: 15062007] 0410 2022

23 Mech. Data Sheets - Standard Equipment BU Tage 1605 202l Us 0 2022

4 Cost Estimate 30 Tage 11.07.2022] 15.08.2032

25 Review & Approval Process 30 Tage 22.08.2022 30.09.2022

6 [rL 3 Gate / Main Approwval 0 Tag~ a0 08 122 a0 08 2027

Figure 5: Summary level level 2 schedule excerpt

Special considerations must be included when using Level 3 or higher type schedule models to avoid undesirable outcomes,

listed here in the order of relevance and ease of resolution:

1. Removing and replacing schedule constraints with logic to allow the model to freely calculate later and earlier dates.

2. Removing and replacing all relationship types that are not of the “Finish-to-Start” type.

3. Reviewing and resolving soft logic over hard logic type relationships as soft logic often will be resolved during the schedule
updates anyhow.

4. Reviewing and resolving all network merge points where many activities are linked to a single one (“merge-in” points).

Some scheduling software includes automated assessments, such as the DCMA 14-Point Assessment, which can help identify
issues related to constraints (Item 1) and relationship types (Item 2). However, these tools do not address soft logic (Item 3) or
merge points (Item 4), which require manual review. Over-reliance on automated tools can lead to oversimplified risk models,
so a careful balance is necessary.
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Schedule without buffers in
activities

Modelling potential buffers
schedule as 3-point estimates
for each activity (sometimes

also called “general” or “sche-

dule uncertainty”)

Modelling potential buffers in
activities as opportunities

e Clear statement of the earliest
possible (but not likely) sche-
dule completion date

® Best mathematical approach
to calculate target date pro-
bability (merge bias effecting
later completion dates only)

¢ Easy to model and implement
even for larger project sche-
dule models

¢ Clear and most transparent
model

¢ Easy to communicate oppor-
tunities to the team and more
readily understood

¢ Deviates from the team’s current schedule
and more difficult to convey message.
¢ No opportunities left to accelerate

e May not be transparent regarding hidden
float and access/ exploitation opportu-
nities— both in term of costs and time
impact.

* May lead to manipulating the model using
hidden settings to drive more desirable
results

¢ Should be modelled with a probability of
not materializing (e.g., 80-90% likelihood
only)

¢ Difficult to assess acceleration due to
hidden float in some cases

Table 12: Benefits and issues of building a schedule review options.
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3.2. Assignment of Schedule Risks to the Model

Following the risk management process, the identified schedule risks will be assigned to activities in the model, depending on
the software and user preference.

In Appendix 1 typical discrete risks with observed impacts and probabilities have been listed as an example.
Some features and topics should be carefully understood and standardized when dealing with Monte Carlo Simulations, so that
the models can be repeated and easily audited:
e Approach to dealing with systemic and general risks impact modelling (e.g., use of general duration
range estimates)
e Limiting the number of relevant risks assigned to any given activity (i.e., to avoid “overloading” of the model)
¢ Types of probability distribution functions to be used (e.g., beta, tri or uniform or others)
e Use of outage calendars for weather impacts or outage periods (if software has this function included)
e Use of correlation between risks (e.g., predecessor risks increasing successor risks)

Other sophisticated items such as conditional branching modelling and what-if scenario modelling are not described in this
guide.

It should be noted that the use of 3-point-estimates and discrete risk modelling (assigning risks) follow the same mathematic
principle; however, they are often used in different context.

A 3-point estimate (sometimes referred to as general uncertainty or duration range estimates) can often only be assigned once
per activity, while multiple risks can be applied to one activity. However, double accounting for risks must be avoided. When

assigning multiple risks to each activity, correlation can be more easily calculated depending on the software used.

Figure 6 shows the principle in a simplified manner.

Start ’—L +
Activity A Risk 1
Actinty B Finish-to-Start Risk 2
Relationship + +
Activity C Risk 3, Risk 4
Activity D
+
Activity E Risk 3, Risk 2
Activity F Risk 4
Completion L 3
A 3-point-estimate Risk with Probability Distribution Function (PDF)
duration range estimate for each named individual risk

Figure 6: Benefits and Issues of building a schedule model options.
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3.2.3. Simulation Runs

The Schedule Risk Analysis model that will ultimately be built, incorporating duration range estimates, probability distributions
and risk events, is simulated (calculated) many thousands of times, randomly calculating duration values for each activity in
each iteration. Each risk event will contribute randomly (hence the name Monte Carlo) according to the assigned probability of
occurrence from the distribution function.

During each computation, the software will access the probability distribution functions assigned and defined through the
duration, maximum impact value and probability of risk occurrence to calculate the critical-path method-based model. Each out-
come is recorded and plotted in a risk profile or probability distribution for the project. Depending on the critical paths and type
of risks modelled, the outcome may or may not resemble that of tri-beta, Gauss or even Weibull distribution. In some instances,
even multiple peaks may occur because of the project schedule characteristics.

All critical path calculation outcomes, the so-called runs, are recorded for each “iteration” providing a risk outcome histogram
of some sort. Statistical analysis and interpretation of these results then provide an auditable and mathematically justifiable
basis for allocating schedule contingency and risk ownership. Software packages are available on the market to assist with this
task.

3.2.4. Interpretation of Monte Carlo SRA Results

After running the simulations, schedule contingency is measured in terms of percentile (or “P”) values that indicate the percen-
tage confidence that work will be completed on or before a given date. Typically, two profiles for the unmitigated risk responses
(worst-case or do-nothing approach) and the mitigated responses are plotted individually and as a comparison chart to de-
monstrate the potential gain in schedule confidence. Figure 7 shows the unmitigated risk profile with the number of cumulative
percentiles of simulated outcomes.

300 100 %
225 75 % 'E
=
f 2
A i
£ 150 / 50% O
T W 2
’ e
5
1 =
] E
N E
.
#
0 |||I|l|l|..| 0”.-""0
5/13/2029 7/129/2029 10/14/2029 12/30/2029 3M17/2030 6/2/2030 0:00 8/18/2030 0:00
Date

Figure 7: Unmitigated risk profile showing the number of cumulative percentiles of simulated outcomes (“P”-Value).
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Figure 8: Mitigated risk profile showing the number of cumulative percentiles of simulated outcomes

Figure 9 demonstrates the potential gain between unmitigated and mitigated outcome.
The three figures, figure 7, 8 and 9, are helpful when reviewing the potential cost that may be incurred to mitigate the risks and
identifying an optimal approach.

Risk Exposure Comparison
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Figure 9:Potential gain between unmitigated and mitigated outcomes
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Obtaining the final risk profile for deriving the adequate contingency is often an iterative process whereby the optimum risk
responses with respect to cost impact on the project will be analyzed. Bias towards using only mitigated risks may result in a
too low schedule contingency whereas relying on only unmitigated risks may result in an overall more costly project duration.
In a best case, the risk responses and minimum allowable impact and probability settings are standardized on past and historic
project evaluations or by use of an expert panel or peer review process. This will ensure that risk impacts are not being skewed
in any questionable direction at the will of stakeholders.

In addition to the risk profiles, so-called “Tornado” (because of their resemblance with a real tornado) or sensitivity diagrams
are created to show the number of times risks have contributed to the outcome as shown in figure 10.

71 - Foundation Construction

21 - Process Documents & Equipment Data Sheets

35 - Safety Review

60 - Process Concept

47 - Precommissioning (Testing, Checks)

109 - Review & Approval Process

17 - 3D Model to Start Civil Construction / 1 Piping MTO

59 - Cost Estimate / Review & Approval Process

[ ]
LI

-
(=]

45 - Piping Installation - All Levels
24 - Study

20 30 40

Figure 10: Joint tornado diagram showing the “Top 5” impacted activities and main risks at a cumulative
80% Probability (“P-807).

Finally, if risks are difficult to assess due to a lack of historic data, difficulty in assessing them without bias (i.e., management
inherent type systemic risks) or if risks are beyond the team’s direct control, they should be addressed as either included in the
model or specifically excluded. Typical examples are:

* Project management organization

e Late change in execution strategy

e Significant scope increase development

e Loss of know-how and staff turnover

e Force majeure events

¢ Natural disasters

e Political unrest and strikes.

e Bankruptcies

e Severe company negotiations/disputes
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4. Cost Estimating

Cost estimating, as described by AACE International Recommended Practice No. 10s-90, is the predictive process used to quan-
tify, cost and price the resources required by the scope of an investment project for an uncertain future with the goalto minimize
the uncertainty of the estimate.

The uncertainty of a cost estimate is not only influenced by cost but also by schedule. Therefore the process of schedule risk ana-
lysis is intended to provide a more precise input for contingency which is applied on cost estimation to pay for this uncertainty.

4.1. Classification

The cost estimate classification system as provided by AACE International in Recommended Practice No. 18R-97 serves as gui-
dance for the classification of project cost estimates. It gives an overview of the phases of project cost estimates together with
a generic project scope definition. Hence the classification of the cost estimates aligns with the project phase gate process.
The matrix shown in Table 13 outlines the classification system as recommended by AACE International for the process industry.

Primary Secondary
Characteristic Characteristic

ESTIMATE MATURITY LEVEL OF END USAGE METHODOLOGY EXPECTED ACCURACY RANGE
CLASS PROJECT DEFINITI- Typical purpo- Typical estimating typical variation in low and
ON DELIVERABLES se of estimate method high ranges

Expressed as % of
complete definition

25

Class 5 0% to 2 % concept capacity factored, L: -20% to -50%

screening parametric models, jud- H: +30% to + 100%
gment, or analogy

Class 4 1% to 15% study for Equipment factored or :-15% t0 -300%
feasibility parametric model H: +20% to + 50%

Class 3 10% to 40% Budget Semi-detailed unit cost :-10% t0 -20%
authorization with assembly level line H: +10% to + 30%
or control items

Class 2 30% to 75% Control or Detailed unit cost with :-5% to -15%
bid/tender forced detailed take-off H: +5% to + 20%

Class 1 65% t0 100% Check esti- Detailed unit cost with :-3% t0 -10%
mate or bid/ detailed take-off H: +3% to + 15%
tender

Table 13: Example of an end date of a project with and without reserves according to probable risks
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Table 13 shows typical +/- values of expected accuracy that are common in the process industry. The values are percentage va-
riations of actual costs from the cost estimate after application of contingency to achieve a 50% probability of project overrun
versus underrun. It must be considered that the achieved accuracy may differ from the expected, based on the risk profile of the
project.

5. Summary

The aim of this guide is to show-case the use of standardized schedule risk modelling and assessment to create outcomes that
can easily be repeated, understood and audited for any capital project.

To avoid adversely complex mathematical models that must be created or interpreted by non-expert users, it is recommended to
standardize the risk management process and factors that significantly influence the acceptance of schedule risk assessment:
e Schedule risk management review gates to determine schedule contingency and feasibility.

e Typical risks with impact and probability values and assignments to schedule activities

e Use of standard summary types of schedules (both for simplified models and Monte Carlo Simulation based models)

The application of the principles presented herein are not intended to be complete and users are advised to take necessary
further steps to implement these basic principles within their respective organizations.
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7. Appendix
7.1. Typical schedule risks

Discrete Quantifiable Risk Description Activities Mainly Impac- Impact Probability Probability

Weeks (max) (mitigated) (unmitigated)

ted (Risk assignment)

28

Undefined logistics requirements due to site regulations Civil design basis 50% 80%

Undefined infrastructure requirements due to site regulations Civil design basis 50% 80%

Technology optimization attempts Process definition 50% 80%

Patent- / license risks Process definition 50% 80%

Scale-up issues Process definition 50% 80%

Delay in appropriation / gate open Approval process 20% 50%

Process optimization attempts Process definition 20% 50%

Delayed authority planning due to administrative lapses P&IDs, Eqpt Specs, Buil- 20% 50%
ding Design

Delayed engineering due to increased requirements by Permit approval 20% 50%

authorities

Increased site safety requirements during SHE review P&IDs / 3D Model or Eqpt 20% 50%
Specs

Lack of Client resources for SHE reviews SHE Reviews 20% 50%

Scope changes by Client on equipment specification requi- Equipment Specifications 20% 50%

rements

Requirement not defined if equipment procured by techno- Equipment Specifications 20% 50%

logy provider / licensor

Delay in appropriation / gate open Approval process 20% 50%

Lack of resources for project / delay in mobilization of key 3D Model development 20% 50%

resources

Insufficient, or late vendor data availability 3D Model development 20% 50%

IT Tool, data interface issues 3D Model development, 20% 50%
Automation system design

Quality issues with engineering firm 3D Model development 20% 50%

Rework due to overlapping of engineering disciplines Civil, piping 20% 50%

Delay in P.O. process due to internal workflow issues Purchase orders 20% 50%

Delay in bids due to specification issues (questions, ambiguities) Bidding cycle times 20% 50%
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Delayed transport / transport damages (overseas only)
Delayed deliveries due to vendor non-performance
(quality)

Delayed transport due to import/export restrictions
(overseas only)

Construction concept not sufficiently planned

Road closures on site or outside of site with delay in
concrete works

Space restrictions due to other projects or site conditi-
ons with lower productivity piping

Damage of equipment, late discovery of non-spec
equipment

Vendor field support not as specified (on-time, per-
formance)

Assembly errors / damages

Contractor non-performance (unknown contractor)

Inclement weather conditions for civil works (winter
cold)

Inclement weather conditions for mechanical installa-
tion works (summer hot)

Running production in area (shut down of works)

Safety incidents leading to shut down of works (poor
management of safety)

Missing spare parts (start-up)

Resources not available from Client

Engineering acceleration

Fabrication acceleration

Construction civil acceleration

Construction piping acceleration

Commissioning sequence overlapping

Out of sequence work civil / mechanical installation

Deliveries on site

Fabrication

Deliveries on site

Equipment installation

Steel erection or concrete
works

Piping

Equipment installation

Equipment installation

Piping

Piping

Concrete works

Piping works

Piping works

Civil works

Start-up

Pre-commissioning, Com-
missioning

3D Model development,
Isometrics IFC

Fabrication

Concrete works, steel
erection works

Piping

Pre-commissioning, Com-
missioning

Equipment installation

20%

20%

20%

20%

20%

20%

20%

20%

20%

20%

20%

20%

20%

20%

20%

20%

20%

20%

20%

20%

20%

20%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%

50%
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7.2. Typical Summary Model (Level 2)

COMPANY LOGO PrOject 52M DRAFT
Level 2 Schedule Status: NV
Nr. Name Dur Start End
2019 2024
2021 2022 2023 2024 2025 2026 2027 2028 2029
Q4Q102Q304Q102Q304Q1Q: 1 4Q1Q2Q304Q1 4Q1Q2Q304Q1Q: 1020304
1 Project Schedule (Level 2) 1127 Tage Fre 01.01.21 Mon 28.04.25 Project (Level )
2 FEL1 128 Tage Fre 01.01.21 Die 29.06.21 EEER
7 FEL 2 190 Tage Mit 30.06.21 Die 22.03.22 D
18 FEL 3 200 Tage Mit 29.12.21 Die 04.10.22 = FEL 3|
19 Process Documents & Equipment Data Sheets 98 Tage Mit 29.12.21 Fre 13.05.22 =3 & Data Sheets
20 Safety Review 40 Tage  Mon 16.05.22 Fre 08.07.22 e Safety iew
21 3D Model Development - Main Process Building 120 Tage Mit 29.12.21 Die 14.06.22 3D Model Main Pfocess Building
22 Foundation Design / Bidding / Piling IFC 80 Tage Mit 15.06.22 Die 04.10.22 - F ion Pesign /|Bi I Piling |FC
23 Mech. Data Sheets - Standard Equipment 60 Tage  Mon 16.05.22 Fre 05.08.22 1 Mech|D i
24 Cost Estimate 30 Tage  Mon 11.07.22 Fre 19.08.22 = (Cost Estimate
25 Review & Approval Process 30 Tage  Mon 22.08.22 Fre 30.09.22 & Review & Appi Rrocess
26 FEL 3 Gate / Main Approval 0 Tage Fre 30.09.22 Fre 30.09.22 ¢ FEL 3|Gate | Main Appi 1l
27 Automation System Specification 20 Tage  Mon 16.05.22 Fre 10.06.22 i if
28 Preliminary Civil / Architectural Design - Control Room 20 Tage  Mon 13.06.22 Fre 08.07.22 Cpntrol Room
29 Main Electrical System Design 20 Tage  Mon 16.05.22 Fre 10.06.22
30 Preliminary Civil / Architectural Design - Swithroom, Rack Roo 20 Tage  Mon 13.06.22 Fre 08.07.22 i Rack Ropm
31 Permitting 240 Tage Mit 29.12.21 Die 29.11.22
32 Permitting Documents / Clarifications 180 Tage Mit 29.12.21 Die 06.09.22
33 Permitting Period 60 Tage Mit 07.09.22 Die 29.11.22
34 Detail Engineering 320 Tage  Mon 03.10.22 Fre 22.12.23 ing
35 3D Model to Start Civil Construction / 1 Piping MTO 80 Tage  Mon 03.10.22 Fre 20.01.23 1|Piping MTO
36 3D Model to Start Piping / 1 E&I Bulk MTO 70 Tage  Mon 23.01.23 Fre 28.04.23 1 3D Mode] tg Start Piping / 1 E&| Bulk MTO
37 3D Model to Complete Piping, E&I 70 Tage  Mon 01.05.23 Fre 04.08.23 = 3D Mqdell to Conplete! Piping, F&
38 Vendor Drawings for 3D Model/Safety Reviews/HAZOPs Final 70 Tage  Mon 23.01.23 Fre 28.04.23 s Vendar Drawings for 3D { {AZQP4 Final
39 Special Supports Design 70 Tage  Mon 01.05.23 Fre 04.08.23 mn Special Dpsign
40 Piping Isometrics IFC - Main Process Building 100 Tage  Mon 07.08.23 Fre 22.12.23 ing ics IFG - Malin
41 3D Model Pipe Racks to Complete Construction 150 Tage ~ Mon 03.10.22 Fre 28.04.23 m 3D Mode] Pjpel RacKs to Complete C|
42 Piping Isometrics IFC - Pipe Racks 40 Tage  Mon 01.05.23 Fre 23.06.23 = Plping ics [FC - Pipe Ragks|
43 Switchroom, Rackroom Design 120 Tage  Mon 03.10.22 Fre 17.03.23 i Design
44 Control Room Design 120 Tage  Mon 03.10.22 Fre 17.03.23 Control Room Desig
45 Procurement / Contracting 380 Tage  Mon 03.10.22 Fre 15.03.24 1Tt
46 Inquiry to P.O. - Piping Material 40 Tage Mon 23.01.23 Fre 17.03.23 m| Inqu aterial
47 Fabrication & Delivery - Piping Material 70 Tage  Mon 20.03.23 Fre 23.06.23 _— - Piping Material
48 Inquiry to P.O. - Critical Equipment 80Tage Mon 03.10.22 Fre 20.01.23 jm Ihqliry
49 Fabrication & Delivery - Critical Equipment 300 Tage  Mon 23.01.23 Fre 15.03.24 & Delivery -(Critical
50 Inquiry to P.O. - Standard Equipment 80 Tage  Mon 03.10.22 Fre 20.01.23 i
51 Fabrication & Delivery - Standard Equipment 180 Tage  Mon 23.01.23 Fre 29.09.23 & Delivery -
52 Inquiry to P.O. - Elec. Main Equipment 80 Tage Mon 03.10.22 Fre 20.01.23 lec. Maip i
53 Fabrication & Delivery - Elec. Main Equipment 180 Tage  Mon 23.01.23 Fre 29.09.23 & Delivery - Elec{ Main
54 Inquiry to P.O. - Main Field Instruments 80 Tage  Mon 03.10.22 Fre 20.01.23 ain Flield Instrurpent:
55 Fabrication & Delivery - Main Field Instruments 160 Tage  Mon 23.01.23 Fre 01.09.23 & Delivery - Majn Field Instruments
56 Inquiry to P.O. - Automation System 80 Tage  Mon 03.10.22 Fre 20.01.23 Systegm
57 Automation System Configuration, FAT, Delivery 300 Tage  Mon 23.01.23 Fre 15.03.24 ystem i ion,| FAT, Delit
58 Inquiry to P.O. - E&I Bulk Material 60 Tage  Mon 07.08.23 Fre 27.10.23 P.0.|- E&I Bulk Material
59 Fabrication & Delivery - E&I Bulk Material 80 Tage  Mon 30.10.23 Fre 16.02.24 ion &Delivery - E&| Bulk Matetial
60 Bid & Award, Mobilization - Civil Construction 80 Tage  Mon 23.01.23 Fre 12.05.23 ion - Ci i
61 Bid & Award, ilization - E iping/E&I ion 80 Tage  Mon 07.08.23 Fre 24.11.23 Ward, izati
62 Construction 525Tage Mon 23.01.23 Fre 24.01.25 v
63 Main Process Building 525 Tage  Mon 23.01.23 Fre 24.01.25 W Mdin Process| Building
64 Civil Construction 260 Tage  Mon 23.01.23 Fre 19.01.24 Civil i
65 Piling 40 Tage Mon23.01.23 Fre 17.03.23 m| Piling
66 Foundation Construction 100 Tage  Mon 15.05.23 Fre 29.09.23 C i
67 Steel Fabrication 90 Tage Mon 15.05.23 Fre 15.09.23
68 Steel Erection 80 Tage  Mon 02.10.23 Fre 19.01.24 rection
69 Mechanical, E&l Installation 385Tage Mon 07.08.23 Fre 24.01.25 v i &
70 Standard Equipment Installation 40 Tage  Mon 22.01.24 Fre 15.03.24 B Equil
7 Critical Equipment Installation 60 Tage  Mon 18.03.24 Fre 07.06.24 mm | Criitical
72 Special Supports Fabrication / Delivery 60 Tage Mon 07.08.23 Fre 27.10.23 = S$pdcial Suppdrts Fabricatiop / Delivery
73 Piping Prefabrication 50 Tage  Mon 25.12.23 Fre 01.03.24 mm |Piping P
74 Piping Installation - All Levels 180 Tage  Mon 18.03.24 Fre 22.11.24 i Piping els|
75 Piping Installation - Critical Equipment 90 Tage  Mon 10.06.24 Fre 11.10.24 e Pipi) ion -
76 Painting & Insulation 100 Tage  Mon 10.06.24 Fre 25.10.24 ey Paifting & i
7 Electrical & Instrumentation Installation 70 Tage  Mon 10.06.24 Fre 13.09.24 ] & Ins
78 Cable Pulling, Terminations 20 Tage  Mon 14.10.24 Fre 08.11.24 1 Cable| Pulling,|
79 Precommissioning (Testing, Checks) 45Tage  Mon 25.11.24 Fre 24.01.25 ] (Testjng, Chelcks)
80 Pipe Racks, Utilities 280 Tage Mon 15.05.23 Fre 07.06.24 Pipe Racks, Util
81 Civil Construction 120 Tage Mon 15.05.23 Fre 27.10.23 m— (Ciyil i
82 Foundation Construction 60 Tage Mon 15.05.23 Fre 04.08.23 - C
83 Steel Fabrication 40 Tage  Mon 15.05.23 Fre 07.07.23 = Steel icati
84 Steel Erection 60 Tage  Mon 07.08.23 Fre 27.10.23 tepl E
85 Mechanical, E&I Installation 140 Tage Mon 27.11.23 Fre 07.06.24 p— i E&I
86 Piping/Prefab Installation 80 Tage  Mon 27.11.23 Fre 15.03.24 ¥ | Piping/Prefab Ir
87 Electrical & Instrumentation Installation 60 Tage  Mon 18.03.24 Fre 07.06.24 ] i &
88 Infrastructure 435Tage Mon 15.05.23 Fre 10.01.25 v
89 Foundation Construction 60 Tage Mon 15.05.23 Fre 04.08.23 - C
90 Switchroom, Rack Room Construction 160 Tage  Mon 07.08.23 Fre 15.03.24 [ | i Rack Room Gonstruction
91 Control Room Construction 160 Tage  Mon 07.08.23 Fre 15.03.24 m=mm | Control Room C i
92 Automaton System Installation 80 Tage  Mon 18.03.24 Fre 05.07.24 =] Bystem
93 Signal Testing 45Tage Mon 11.11.24 Fre 10.01.25 ignal Testing
94 Mechanical Completion 0 Tage Fre 24.01.25 Fre 24.01.25 C)
95 Commissioning/Start-up 111 Tage Mon 25.11.24 Mon 28.04.25 4 tup|
96 Commissioning Utilities 20 Tage  Mon 25.11.24 Fre 20.12.24 g Utilities
97 Start-up 66 Tage Mon 27.01.25 Mon 28.04.25 R $tart-up
98 Start Production 0Tage  Mon 28.04.25 Mon 28.04.25| lo [Start
Printing Date/Time: Mit 01.10.25/09:05 Seite 1/1 INTERNAL




SCHEDULE RISK ANALYSIS

8. Imprint

PUBLISHED BY

E<C DECHEMA

Gesellschaft fiir Chemische Technik
und Biotechnologie e.V.

DECHEMA

Gesellschaft fiir Chemische Technik und Biotechnologie e.V.
Theodor-Heuss-Allee 25

60486 Frankfurt am Main

Telefon (069) 75 64-0
info@dechema.de
www.dechema.de

RESPONSIBLE WITHIN THE SCOPE OF MEDIA LAW
DECHEMA e.V.

Dr. Kathrin Riibberdt

Theodor-Heuss-Allee 25

60486 Frankfurt am Main

Published in December 2025

This publication has been written by experts of the DECHEMA/VDI-Fachgruppe Cost Engineering (Working Group Cost
Engineering) within the DECHEMA/VDI-Fachsektion Process Engineering & Materials Technology.

31



E<C DECHEMA

DECHEMA Gesellschaft fiir Chemische
Technik und Biotechnologie e.V.
Theodor-Heuss-Allee 25

60486 Frankfurt am Main

Telefon (069) 75 64-0
info@dechema.de
www.dechema.de





