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Investment projects are planned initiatives in which an organization commits substantial
resources to achieve economic benefits. These projects carry their own risks and
uncertainties, which are managed through project structure elements such as the execution
model, project organization, cost estimation and schedule. Project costs are a critical part of
project execution and accurate forecasting supports decision-making, risk management and
can enhance the project profitability.

This study examines the cost forecasting process and forecast accuracy in plant investment
projects of the target company. Through recent internal reforms, the company has aimed to
improve its forecasting process and placed greater emphasis on forecasting accuracy, which
also led to commissioning of this research. The study included both theoretical and empirical
components. The theoretical section examined the structure of investment projects and
methods for cost forecasting. The empirical section examines the company’s current
forecasting process and accuracy. Forecast accuracy was assessed by analysing historical
data from different project models and activities. The current process was examined by
interviewing the personnel who create the forecasts to identify potential areas for
improvements.

The company’s current forecasting process requires a great deal of manual work and
information gathering from the project team through various channels. The current level of
forecast accuracy is not sufficient, and there is too much variability between the months. To
improve the accuracy, several development proposals have been made to make the collection
of accurate information easier. Furthermore, there is a need for visual tools within the process
to enable better project analysis. The most significant development proposal is the
implementation of a machine learning tool that could be used within the company’s analytics
system.
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Investointiprojektit ovat suunniteltuja hankkeita, joissa organisaatio sitoutuu merkittaviin
resurssipanostuksiin taloudellisten hyotyjen saavuttamiseksi. Investointiprojekteissa on
omat riskinsd ja epdvarmuutensa, joita pyritddn hallinnoimaan projektin rakenteen kautta,
kuten projektin toteutusmuoto, projekti organisaatio, kustannusarvio sekd aikataulu.
Projektin kustannukset ovat tirked osa projektien ldpivientid ja niiden ennustaminen tarkasti
edistdd projektien paitoksentekoa, riskienhallintaa sekd voi edistid projektin kannattavuutta.

Tutkimus kasittelee kohdeyrityksen kustannusennustamis prosessia, sekd ennustetarkkuutta
yrityksen laitosinvestointiprojekteissa. Yrityksessd tehtyjen uudistusten kautta, yritys on
halunnut kehittdd ennustamisprosessiaan sekd kiinnittinyt enemman huomiota ennusteiden
tarkkuuteen, joka on my0s johtanut timén tutkimuksen teettdmiseen. Tutkimus sisélsi sekd
teoreettisen ettd empiirisen osan. Teoreettinen osa tutki investointiprojektien rakennetta,
sekd eri tapoja kustannusten ennustamiseen. Empiirinen osa tarkasteli yrityksen nykyisti
ennustamisprosessia ja tarkkuutta. Ennusteiden tarkkuutta arvioitiin analysoimalla
historiallista dataa eri projektimalleista sekd aktiviteeteista. Nykyistd ennustamisprosessia
tarkasteltiin myds haastattelemalla ennusteita laativia henkil6itd mahdollisten parannusten
tunnistmaiseksi.

Yrityksen nykyinen ennustamisprosessi vaatii paljon manuaalista ty6td sekd informaation
keradmisté projektitiimiltd eri tavoin. Tdménhetkinen ennustetarkkuus ei ole halutulla tasolla
ja tarkkuudessa on paljon vaihtelua kuukausien vililld. Ennustetarkkuuden parantamiseksi
on ehdotettu keinoja joiden avulla tarkan tiedon kerdémisestd tulisi helpompaa. Liséksi
prosessissa olisi tarve visuaalisille tydkaluille jotka mahdollistaisivat projektien paremman
analysoinnin. Suurempana kehitysehdotuksen on kuitenkin koneoppimistydkalu jota
voitaisiin hyddyntda yrityksen analyytiikkajarjestelméssa.
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Abbreviations

ROI Return on investment

EPCM Engineering, Procurement, Construction Management
EPC Engineering, procurement, Construction
FEL Front-end loading

SMART Specific, measurable, achievable, realistic and timebound
WBS Work Breakdown Structure

EVM Earned value management

BCWS Budgeted cost for work scheduled

PV Planned value

ACWP Actual cost for work performed

AC Actual cost

BCWP Budgeted cost for work performed

EV Earned value

BAC Budget at completion

TV Total value

EVA Earned value analysis

CvV Cost variance

SV Schedule variance

CPI Cost performance index

SPI Schedule performance index

MAPE Mean absolute percentage error

MPE Mean percentage error



RMSE

WAPE

MAD

SMAPE

ARIMA

ML

Al

ERP

CAPEX

OPEX

ERM

PO

KPI

Root mean squared error

Weighted absolute percentage error

Mean absolute deviation

Symmetric mean absolute percentage error
Autoregressive integrated moving average
Machine learning

Artificial intelligence

Enterprise resource planning

Capital expenditure

Operating expenses

Enterprise resource management
Purchase order

Key performance indicator
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1 Introduction

Project cost forecasting is one of the key success factors in modern project management.
Accurate cost forecasting is not just a budgeting tool, but it is a strategic instrument for
decision-making that enables risk management, efficient resource allocation and maximizing
project profitability. A reliable cost forecasting helps the company react to deviations in
time, make better decisions during the project and improve the planning of future projects.
For this reason, more and more organizations are implementing cost forecasting models and
tools that utilize both historical and real-time data (Oracle 2025). The goal of the forecasting
is not only to get as close to the final cost as possible, but also to enable controlled and

proactive project management.

1.1 Background

The subject of this study is a large company operating in the renewables and oil & gas
industry. The company engages in significant annual investment projects focused on its
refinery operations. These projects aim to improve efficiency, ensure compliance with
evolving regulations, and support long-term operational capability. The projects often
involve infrastructure upgrades, process improvements and implementation of new

technologies to meet both business and environmental goals.

In addition to these the company carries out major refinery shutdowns that are extensive.
These shutdowns are complex and resource-intensive, requiring careful planning and
coordination from both internal and external teams. All the investment initiatives inside and
outside the plant shutdown represent considerable financial commitments, making accurate
cost forecasting essential for project execution. Understanding and managing the costs
associated with these projects is important, not only to stay within the budget but also to

ensure long-term competitiveness.



In 2023 the company started implementing a new enterprise resource planning system and
reforming the workflow and processes. As part of the reforms, there has also been
improvements in monitoring the forecasting accuracy and improving the forecasting process
and this thesis is done as part of improving the forecasting process. The company also wants
to better understand the importance of forecasting accuracy in investment project execution.
Additionally, the company is interested in what level the accuracy is currently being
achieved at and what kind of level is realistically attainable with the tools, data and resources

available.

Cost forecasting has been studied in moderate amounts and has seen increased interest in
recent years. Especially the use of more advanced and data-driven methods that utilize
machine learning and artificial intelligence has been studied more, because they often lead
to more accurate forecasts. (Alshibani et al. 2024) This study contributes to theory by
examining what factors influence the forecasting accuracy and highlighting the importance
of accurate forecasts. In addition, it explores the requirements and implications of
transitioning from manual, reference class and human judgement forecasting to more

advanced, data-driven forecasting methods.

1.2 Objectives and scope

The purpose of this study is to investigate what the forecasting accuracy is currently and
what should be taken into consideration in the forecasting process to achieve more accurate
forecasts. For example, what are the common ways and methods used for creating forecasts
in the literature and are these methods used in the company’s forecasting process. The main
goal of this study is to analyse and develop the cost forecasting process to enable more
accurate forecasting. In addition, the work goes through what is the accuracy of different

activities in the projects. This study has three main research questions and two sub-questions.

The research questions are as follows:

e What is the forecasting accuracy with the current forecasting method?
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e What practices and methods can be used to improve forecast accuracy in investment

projects?
o What factors affect the accuracy the most in the cost forecasts?
o What impact does project size have on cost forecasting?

e How can risks and uncertainty be taken into account in project cost forecasts?

Although the results are based on the target company’s process, they offer insight into the
key elements required to improve forecasting accuracy demonstrating potential for broader
applicability across other industries and companies. Furthermore, the study focuses on
investment projects, but the results may also be relevant to other project types. The scope of
the research is focused on the company’s investment projects within a specific geographical
area, which also applies to the interviews conducted in this study. For the analysis part the
thesis will be limited to examine data from October 2024 onward, due to the ERP migration
and prior modifications made to the ERM and forecasting processes that have affected the

data.

1.3 Research strategy and materials

In this study, the current state of the company’s forecasting process is examined through a
combination of interviews and data analysis, using both qualitative and quantitative research
methods. The interviews are conducted as qualitative research, gathering insight from the
project controllers involved in the forecasting process in the investment projects which are
carried out within the geographical area of this work. The quantitative research was carried
out by analysing relevant historical data including the monthly forecasts and actual costs, to

evaluate the accuracy which is obtained with the current process.

The theoretical part of this study was conducted through literature review, which provides a

foundation for understanding the investment projects and their structure. The theoretical part
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also answers what kind of forecasting methods are commonly used and what is the
importance of accurate forecasts. Based on the results from both the interviews and data
analysis, this study provides a comprehensive overview of the current state of the company’s
forecasting process. The conclusions drawn will form the basis for development proposals
aimed for improving the forecasting accuracy, ensuring that the company is better equipped
to plan for future challenges and opportunities. Artificial intelligence has been utilized in
this study to improve the language and to refine the text, enhancing the overall flow and

readability. In addition, artificial intelligence has supported the design of this thesis structure.

1.4 Structure of the thesis

The structure of this thesis is divided into seven chapters seen in figure 1. Chapter 1 is the
introduction chapter that discusses the background, objectives, scope and research methods

of the thesis.

INPUT OUTPUT

Figure 1. In and out figure of the thesis structure.
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Chapter 2 takes a closer look at investment projects and what they include. The things
discussed in the chapter are also often relevant to making the cost forecasts. Chapter 3
examines how the accuracy of the forecasts can be calculated and what impact does the
forecasting accuracy have. This chapter also examines what types of forecasting methods
are commonly used. In chapter 4 the current state of the forecasting process and accuracy is
examined, through data analysis and through the review of the interviews. In chapter 5
development proposals are proposed based on information obtained from the literature and
interviews. Chapter 6 summarizes the empirical part of the thesis, by going through the
current state and development proposals in a summarized chapter. Lastly, chapter 7

summarized the findings of the study while answering the research questions.
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2 Plant investment projects

A project is a temporary effort that is carried out to create a unique product, service or
outcome, that has start, finish and a clear goal for why it is being implemented (PMI 2017,
p.11). Projects can be classified into different types like delivery projects and investment
projects, based on their nature. All the projects are united by having clear organization,
planning and monitoring. Projects key objectives are to be completed on time, within budget
and to the required quality, and these criteria ensure that the project’s operational
requirements are safely met, as seen on figure 2. These project types can still be divided into
different types, like greenfield, brownfield and demolition projects. In greenfield projects
the project is located in a completely undeveloped area, where new facilities and
accommodations need to be established (Lester 2017, p.1-2). In brownfield projects the area
around has already developed and there may be existing facilities and previously cleared
land for the project. A demolition project is something that is required as part of brownfield
projects, in order to clear the land for the new project (CCPS 2018, p.24). A project is
successful when it achieves the goals set for it and is completed within the specified time

and budget. (PMI 2017, p.11)

Time

Cost Quality

Figure 2. Iron triangle (Lester 2017, p.3)
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For the project to be considered as an investment project, there should be an asset for the
purpose of obtaining benefit in the future. There are four key elements for the project to be
considered investment project that are driven from the definition of investment (De Piante,

2014):

1. The asset, that is specified as the project scope
Costs associated, meaning the project cost

Anticipated return of investment, meaning the presumed benefit of project scope

il

Risks associated with the investment project, that are same as any investment might

have.

In the project concept the asset is not a directly purchased item, but a result of the project
since the purpose of the project is to create the asset. The project itself can include acquirable
assets, but the asset in the investment project concept is the project scope. In addition, the
costs that are associated with the project are the cost of the asset. The direct costs that are
the exact costs generated from the project and also the opportunity costs. Like in all
investments the return on investment (ROI) should be considered, to make sure that the
investment itself generates some kind of benefit. In investment projects the value of the
return depends on how well the created asset delivers the desired benefit, meaning that the
return depends on the project scope. So, the value of the return will depend entirely on the
project scope, cost and the schedule. The risks in investment projects are the same as in any
investment might have, like the uncertainty around the amount and timing of returns. Higher
risk typically lowers the price an investor is willing to pay but can increase the expected
return. Risk affects both the cost of the asset and the anticipated return (De Piante, 2014).
The rest of this chapter discusses what investment projects consist of and which factors are

important for the cost forecasting process.
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2.1 EPCM Concept

Selecting the right project delivery method has a major role in success, costs, and schedule
of the project. When choosing the right delivery method, emphasis is often placed on
determining what model best matches the owner’s capabilities, picking the right contractor
and how to set the most beneficial contract terms. The Engineering, Procurement and
construction management (EPCM) model represents a different approach to delivering
complex projects, particularly within industries such as oil, gas and mining. Unlike the
Engineering, procurement and construction (EPC) model where a single contractor assumes
responsibility, EPCM operates as a client-side resourcing strategy. (Hickson & Owen 2022,
p. 353, 358) EPCM concept is commonly used these days and has been often the answer to
large and complex projects in the petrochemical sector (Loots & Henchie 2007). EPCM is a

service contract where the supplier performs services like (Loots & Henchie 2007):

e Engineering: Covers project planning and design in different project phases,
including conceptual designs, feasibility studies, detailed design, and preparation of
technical specifications.

e Procurement: Includes sourcing and acquiring equipment, materials, and services
that are needed for the project. Procurement also includes supplier selection and
contract negotiations.

e Construction management: Covers the supervision, coordination, and safety
management of the construction activities and the construction site. This includes

managing contractors, ensuring safety, and quality control.

However, it is important to remember that even though the “C” stands for construction in
EPCM, it is contained in Construction management. This means that the EPCM contractor
is not the constructor in the project, but that the construction is carried out by other parties
(Loots & Henchie 2007). The project team structure where EPCM is included can be seen
in figure 3. In the EPCM contracts, the owner contracts both EPCM firm and project
suppliers. In addition to handling the engineering, procurement, and construction

management, EPCM contractors usually also oversee contractors and sub-contractors
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despite contracts being primarily between owner and contractors. The EPCM contractor can
be external or internal, although it is important to consider the resources required if the

contractor is internal. The role of EPCM is to manage overall project execution to achieve

the owner’s objectives. (Loots & Henchie 2007)

Specialized process

: : Trade contractors EPCM Contractor
engineering

Sub-contractors Sub-vendors

Figure 3. EPCM (Loots & Henchie 2007)

This kind of structure is ideal for complex, and large projects that require a high integration
level. The structure offers flexibility, cost, quality, and schedule control and is well suited to
projects that have changing scope, logistical challenges, or remote locations. Although the
implementation risk is shared between EPCM and contractors, the owner retains the overall
risk and because of this, should be involved in major decisions in the project. (Hickson &
Owen 2022, p. 355).

Project control can be a beneficial tool for delivering projects, when executed correctly.
Project control includes tasks that are meant to control different aspects of the project like

schedule, costs, risks, budgets, data (Loots & Henchie 2007). The owner can carry out the
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project control tasks in the project, even after appointing EPCM contractor but generally it
is not the most efficient way. For effective project management the EPCM contractor should
oversee the project control function. (Hickson & Owen 2022, p. 363) The owner should still
have frequent information on project costs and work, since the EPCM contractor is often
appointed to the project in a very early stage and may only have a narrow idea of the project’s
costs. Because of this the EPCM contractor should also be responsible for reporting on the
anticipated implementation costs for the owner, so that the owner can see the development
of the project. EPCM contractors must also inform the owner if possibility for exceeding
cost or delays in schedule appear and develop ways to minimize the consequences. (Loots

& Henchie 2007).

The EPCM concept offers many advantages, like offering flexibility, expertise, and
efficiency that helps both the owner and suppliers. It enables fast project startup especially
in complex and evolving projects and allows scope changes during execution. In addition,
EPCM improves project predictability, workforce management, and contractor coordination
by bringing specialized knowledge from the disciplines to the project (Hickson & Owen
2022, p. 363-364). However, the concept requires active care from the owner especially for
the project work and cost, since overruns are possible and may affect the profitability of the

project. (Loots & Henchie 2007)

2.1.1 Front-End loading

Front-End loading (FEL) is a process in which the development and defining of a project
takes place in the early stages of the project which can be months or years before project
work begins (Merrow 2024, p. 238, 240). Front-end loading refers to the early phase of an
investment project, highlighting the project stages from the beginning up to the final
investment decision. It’s an effective way of increasing the project success and it also
reduces problems that may occur during the project execution (Merrow 2024, p. 238). In
FEL, early cost estimates and schedules may not be very accurate because the project scope

may be predefined and changing. So, a large increase of costs in different project phases may
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lead to the termination of the project. Also, FEL itself may bring considerable costs to the

project through multiple phases. (Merrow 2024, p. 242)

The process is usually divided into multiple phases which can be seen in figure 4, with
reviews or assessments between them. These reviews and assessments are often called gates
or reviews, and the purpose is to measure the maturity of the project before going forward
(Hickson & Owen 2022, p. 262). The Front-end loading is commonly divided into three
different parts FEL1, FEL2, and FEL3 that have varying names depending on the source.
There can also be additional stages in the process, like FELO for identification or FEL4 for
execution that are more uncommon. (CCPS 2018, p. 144-146)

) ) ) ;i

Figure 4. Front-end loading. (CCPS 2018, p. 121, 143, 196)

FEL-1

FEL-1 is also called the Appraise, Shaping or Pre-Study phase, which evaluates the
feasibility of a new project. It involves preliminary hazard identifications and risk analyses
to evaluate multiple development options and also identify the viable ones. In this phase
strategic information is gathered on options with the highest potential to meet business
objectives. This also forms the foundation for selecting a preferred option in the next phase.
(CCPS 2018, p. 46)
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FEL-2

FEL-2 is also called Select, Develop or Feasibility phase. This phase focuses on refining the
development options from FEL-1 through a selection process that measures technical and
commercial factors. The aim is to identify the optimal projects by maximizing opportunities
and minimizing threats and uncertainties. This phase involves more accurate hazard
identification and risk analysis. The preferred option is then further detailed in form of

documentation, that serves as the foundation for the next phase. (CCPS 2018, p. 56)

FEL-3

FEL-3 is also called FEED, Define or Definition phase, is the final phase of the front-end
loading. In this phase the scope is fully defined, and projects design, cost and schedule are
clarified for the financial investment approval. Site layout, process flow diagrams,
equipment and material data sheets are developed and detailed hazard identification, risk
assessments are made to reflect the project maturity. The goal of this phase is to confirm the
business objective of the project and that the project is mature enough for the execution

phase. (CCPS 2018, p. 80)

The Front-end loading phases end after the 3™ phase and after that the project moves to the
execution phase, or the detailed engineering phase that is shown in image 4. Detailed
engineering is the first stage of project execution, and this phase brings change management
to the project that helps the project document the possible changes that occur after the scope
is defined. This also opens the doors for procurement to start moving forward with long-lead
items. The purpose is to compile all necessary information that is required in the construction
phase. The object of the construction phase is to safely execute the project building phase
according to the plans and design. This also includes procurement of materials, installation,
and documentation of work. After mechanical completion the project can safely move to
Commissioning and startup phase, where the documentation and facilities are handed over
to the operating team, so that normal operating can start after the inspections are made.

(CCPS 2018, p. 143, 196)
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2.1.2 Project Gates and milestones

Gates are milestones between the project phases, meant for measuring how the project has
performed the tasks in the previous phase and whether it is ready for the next phase (Stratton,
2003). Indictive picture about the project gate location can be seen in figure 5. Project gates
are meant for the corporate management and shareholders, to survey whether the project
should continue or stop. Gates also help corporate management and stakeholders to control
capital, risks and monitor scope changes in the project, and without gates the projects can be
very risky to complete for the company (Merrow 2024, p. 241-242). Gates are also very
beneficial for project and project managers because they allow the project manager to
assemble and present the project progress, scope changes and future plans. With gates the
project and the reviewers can reach an agreement that the project work has been done as
agreed, risks are identified and under control, the plans are reasonable and realizable and

that the organization and reviewers are committed to the project. (Stratton, 2003)

Idea

. FEL-1
creation

FEL-2 FEL-3 Execution

Gate 1 Gate 2 Gate 3 Gate 4

Figure 5. Project gates. (Hickson & Owen 2022, p. 262)

The amount and location of gates in the project should be defined before the project starts.
The structure in figure 5 where there is a gate between each of the phases is indicative,
because the amount and location of the gates can vary depending on the project. (Hickson
& Owen 2022, p. 262) There should be at least one gate in the project preferably before
moving to the execution phase to determine the maturity of the project before larger
investments and expenses. There can also be more gates than phases in a project, but in this

case the gates and the need should be carefully thought of, so that they bring something
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necessary for the project monitoring (Merrow 2024, p. 238). The gate reviews should at least

(Stratton 2003):
e Check project maturity and readiness to move forward
e Confirm the projects objectives
e Review of project recent events and actions
e Review projects planned activities for the next phase
e Review the resource commitment

e (Give an external review of the project.

The Gate review should always include the project manager and the reviewers who are
typically superiors of the project manager, portfolio manager or investment managers who
have the right outsider view on the project. The reviews can also include senior managers,
project sponsors and other project managers. However, the project team should not
participate in the review unless necessary, since the review might include discussion about
staffing. Still the project manager should inform the project team about the decision of the
review. (Stratton 2003) The outcome of the review may vary depending on the maturity of

the project, and the outcomes are usually (Stratton 2003):

e Approved, where the project can proceed to the next phase.

e Conditionally approved, meaning that the project can proceed to the next phase, but

must work on some incomplete items or work.

e Canceled, where the project is not continued for reasons like risks, viability or

schedule

Even though the project is cancelled, it should be documented properly, since there might

be a chance for the project to be restarted in later time if seen profitable (Stratton 2003).
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Milestones are key points in a project that mark important deadlines in the project phases or
in the project total timeline (Lester 2017, p. 179). Milestones are used to mark completion
of a significant event or work, not all the tasks because this would ruin the importance of the
milestones (Knutson 1995). They help monitor the project progress and should be SMART
(Specific, Measurable, Achievable, Realistic, and Timebound). Managing and following
milestones as smaller progress markers and deliverables ensures better oversight and control,
than managing whole project milestones. Milestones are not just dates in the project timeline,
but represent completion of key deliverables, achieving certain goals or passing critical
decision points like gates. Defining milestones can effectively help track the project
progress, identify potential risks and ensure the project stays in schedule and within budget.

(Lester 2017, p. 179)

2.1.3 Project Work Breakdown Structure

The projects are usually large and complex which makes them hard to be planned and
controlled in larger entities. Work breakdown structure (WBS), helps break the project scope
down to smaller parts or components, that can be more easily managed like seen in figure 6.
(Webster 1994) WBS also helps the project team and project manager to visualize and
understand the scope better by breaking it to smaller sub scopes (PMI 2019a, p.66). Each of
the descending levels represents a more detailed definition of the project work, and the

lowest levels of the WBS are work packages (Norman et al. 2008, p. 12 - 13).
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Figure 6. Project WBS structure (PMI 2019a, p. 68)

There are different ways of creating the WBS structure of a project, depending on the type
of project and industry the project is worked on. The top level of WBS usually reflects the
major deliverable work, this can also be the name of the project. The lower levels of the
structure that cannot be divided anymore, are previously mentioned work packages. Since
there are different ways to create WBS structures, the middle levels and the purpose may
differ. However often these structures cover the same things, but the groupings are different
(Norman et al. 2008, p. 12, 62). According to Norman et al. (2008 p.20) there are two main
principles that are fundamental to high-quality WBS:

1. Quality WBS meets all the necessary requirements for its project use.

2. Quality WBS characteristics are consistent across all levels of scope definition

There are many ways of creating the WBS for the project, and properly made WBS can have
a great impact on the project implementation. Likewise, badly made WBS structure can have
a negative impact on projects like budget overrun, missed deadlines, scope changes, and
uncertainties in project work. (Norman et al. 2008, p. 8) WBS can prevent poor planning and

control in projects if structured correctly, also WBS should not include any tasks or



24

deliverables that are not included in the projects scope (Norman et al. 2008, p. 23). Properly
made structure can reduce uncertainty and improve communication and decision making in

the project (PMI 2019a, p.54)).

2.1 Project organization and information management

The project organization defines how the companies structure their teams to work on projects
and it is the backbone of successful projects, since it provides a framework that helps to
outline the project roles, responsibilities and reporting structure. These enable more efficient
resource allocation, makes the workflow more simplified and streamline, and promotes a
more collaborative environment in the project to achieve the project goals. There are many
types of project organization structures and choosing the right one is important for the
organization and for the projects. Organization types include, for example functional project
organization, matrix project organization, projectized organization and the most used hybrid
structures. In most cases the project size, duration and complexity are the most influencing

factors of choosing the right structure. (Olsen 2020, p.30-35)

In the functional structure the project is managed from within the existing departments of
the organization, and responsibilities and work are assigned to individuals within those
departments. In this structure the project manager has more limited authority and acts more
like a coordinator in the project. In projectized organization the project manager has full
authority over the project and its resources. In this structure the team members respond
directly to the project and project manager. This kind of structure suits organizations where
the primary focus is projects, and the projects require specialization and fast execution. The
matrix structure combines the elements of the functional and projectized structures, and
project members can report to both the project manager and the departments. This allows
greater flexibility and resource sharing across the projects. Lastly the most commonly used
structure is hybrid structure, where elements of other structures are combined to best suit the

specific needs and characteristics of projects. (Olsen 2020, p.30-35)
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Every project has a list of key people with different skills and responsibilities who work
together to achieve a common goal. Each person plays a specific role, contributing their
expertise and collaborating to ensure the project’s success. Having clearly defined roles is
important because it reduces confusion and promotes accountability within the project.
While the specific roles can vary depending on the project’s nature, size and methodology,
there are some key roles that appear more commonly. Roles like project manager, planner,
cost manager, procurement manager, quality manager and risk manager are common in
projects, but in the end, it comes down to the projects whether it has a need for all these
roles. Of course, project board and portfolio manager are important for projects, especially
when the organization has multiple projects ongoing simultaneously or large projects that

require more detailed tracking. (Lester 2017, p.47-49)

Information management is essential for projects and also organizations. Clearly defined
roles and organization structures play an important role in information management.
Effective information management is crucial for a successful project, from the planning
stages to the final delivery, because it can ensure that right information is available to the
right people at the right time. This helps in the decision making, collaboration and overall
project progress. One of the most common types of information in projects is documents,
that are used to document what and how things are done in a project. There are usually many
different documents used in projects that also work as a means of communication between
the clients, suppliers, organization and contractors. Examples of these can be documents like
specifications, drawings, technical reports, financial reports and data sheets. Certain
documents are issued by specific personnel, for example financial documents and purchase
orders, but documents like this can still require information from the whole project team.
Well-documented projects also help future projects through lessons learned and serves as

historical data. (Lester 2017, p.356-359)

To have effective information sharing in the project, the project manager has to have a strong
documentation and communication system to ensure timely access to required information.
Regular interactions with team members, clients and stakeholders help project managers

address issues, gather information, seek options and build trust. Neglecting communication
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within the project can lead to crucial errors, because of misunderstandings,
misinterpretations, or people just ignoring. There are multiple things that can lead to bad
communication within the project, like language barriers, misunderstandings or
assumptions. But having a competent project manager in a project can strengthen the
communication within the project and communicate the project situation to the external
stakeholders. Also, because nowadays information is mostly shared electronically, it makes
it easier to share information and makes it easier for the whole project team to contribute to

the documents and meetings. (Lester 2017, p.356-359)

Meetings are an effective way of sharing information for the project team and for the external
stakeholders. Meetings should be well-structured meetings with follow-ups on past
discussions as well as a preset agenda and attendance list. There should always be one person
to keep the conversation on track and usually this is project manager in meetings concerning
the whole project team. These types of meetings are important for information sharing within
the project and these types of meetings are for example, Kick off meetings, Progress
meetings, team meetings and site meetings. There should be at least one meeting like this,
that is held 1-2 times a month, to keep the whole project informed about the status and
changes of the project. Likewise external stakeholder meetings where the project status is
reported to the project owner or portfolio manager, should be also kept once a month for the

same reasons. (Lester 2017, p.356-359)

2.2 Cost Estimating

Project cost estimate is an important part of project management and control, and it serves
as the foundation for cost control. Underestimating the costs can lead to financial losses
during execution, while an overestimate can result in scope reductions and cuts (Lester 2017,
p. 61-62). The cost estimating is predicting and guessing project costs, and because of this
the estimates can never be completely accurate. However, the accuracy of the estimate
generally improves as more resources are used to make it, but only up to a certain point. For

this reason, making a cost estimate is always a matter of optimizing from a cost-benefit
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perspective, where the goal is to balance the improving accuracy costs with the potential
costs of inaccuracy. Also aiming for high accuracy might not necessarily produce better
results, instead human errors in planning and execution can lead to highly inaccurate
calculations. (Lewis 2022, p. 138-139) There are typically different levels to cost estimating,
that are placed in different phases of the project. These levels usually have different
accuracies and used methods for calculating the estimate, and examples of these can be seen

in table 1. (Martinelli & Milosevic 2016, p. 229)

Table 1. Estimation method differences. (Martinelli & Milosevic 2016, p. 229)

Type Order of Magnitude Budget Estimates Definitive Estimates
Estimates
o | Project
Feasibility, project Budgeting, S
End use . . authorization,
screening Forecasting
Change order
Accuracy -30% / +50% -15% / +30% -5% / +15%
Cost of preparation 0,04% - 0,15% 0,15% - 0,6% 0,45% - 2%
(Total project cost) | Before contingency Before contingency Before contingency
size, capacity, ' ' .
Information ‘ ‘ Partial design, Vendor Specs, Drawings,
location, completion _
required o . quotes Execution plan
date, similar projects
Analogous, Parametric, Bottom-
Estimating methods ‘ Bottom-up
Parametric up

There are multiple ways to create a cost estimate, and choosing the right approach and model
is recommended since the model influences the accuracy of the cost estimate. Project phase,
type, and the model needed also has an influence on choosing the right model for creating a
cost estimate (Lester 2017, p. 61). There are three main model groups for quantitative cost
estimation which are: analogous estimating, parametric estimating, and bottom-up

estimating (PMI 2019b, p.42).
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Analogous estimating

Analogous methods are the simplest ways of estimating, but at the same time it is also the
most inaccurate estimating method. Because of this, analogous methods are usually used in
the early project stages to give rough estimates of the project costs. (Rad 2018, p.53)
Analogous estimation relies on historical data from similar projects from the past that are
referred to as reference projects. By comparing projects with similar size, functions,
requirements, objective, and complexity, estimators can generate cost estimates based on
previous actual costs. This method is less expensive and does not require as many resources
than the other estimation methods but also less accurate. (Martinelli & Milosevic 2016,

p.191-192)

Successful analogous estimation requires significant experience, as the estimator must assess
differences between projects and their impact on costs and also make judgement-based
adjustments. The process can be refined by evaluating individual cost components rather
than providing a single overall estimate. Since analogous estimates rely on comparison and
evaluations, they often involve guess-based valuation methods rather than computational
formulas. Although computational formulas can be used as guide for the estimate and the
estimator can include coefficients to adjust the costs from the reference projects. Because
analogous estimating is largely based on historical data, it is important to remember to check
the reliability of the information since using unsuitable historical examples can lead to
project failure. Analogous estimating is good for determining the viability of the projects but

does not usually show any details for the decisions. (Rad 2002, p.53-54)

Parametric estimating

Parametric estimation is a cost estimation method that uses physical parametric, performance
indicators and mathematical algorithms to estimate project costs. These parameters and
indicators can be things like size, capacity, speed, accuracy, tolerance, error rate, or
complexity. (Rad 2002, p.50-51) Although parametric estimating method works with just
one parameter, using more parameters can improve the accuracy of the estimation (Martinelli
& Milosevic 2016, p.194). These parameters are compared to historical project data to create

cost estimates. Although this method is more accurate than analogous method it is still
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relatively imprecise, which makes this estimation method also more suitable for the earlier

project phases. (Rad 2002, p.50-52)

The parametric estimating method is relatively quick and cost-effective to use, still it
requires more time and effort than analogous models and because it relies on historical data
it can also lead to errors. Especially if the past project differs significantly in important cost-
influencing authors. Also, parametric estimates usually work best for projects in specific
industries. Estimators can also improve the estimate reliability by applying correction
factors. Parametric estimation methods can be used alongside other estimation methods such

as analogous methods, which can make the estimation more accurate. (Rad 2002, p.50-52)

Bottom-Up estimating

Bottom-Up estimating is a cost estimating method that calculates the material and work costs
for each work item, which are added together to determine the total project cost. This method
requires detailed study of materials, structures and work quantities to ensure the estimate
accuracy. The work items include the work and materials needed for the work, since this
helps to ensure all costs are taken into account in the estimate. This also helps tracking the
costs during the project implementation. History data from previous projects can also be
utilized in the estimation like in the two previous methods. Also, project schedules should
be used for determining the length of time-dependent work and items. (Rad 2002, p.199-
200)

Bottom-Up estimation method is more accurate than the previous methods and also adapts
to a wider group of projects. Although it is also more costly and slower, since it requires
more precise details from the project (PMI 2019b, p.50). In addition, the bottom-up method
usually requires an experienced estimator for creating a successful cost estimate. Calculating
and identifying the right amounts can be difficult, and errors can have a huge impact on the
accuracy of the estimate. Because of this it is good to take into account the project teams

estimate about the amount and prices for the work that they are responsible for. Like the
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other estimate methods, the bottom-up method can be used alongside other methods, and

doing so can even offer better accuracy. (Rad 2002, p.199-200)

2.2.1 Project budget

Cost estimate is a foundation for project budget. Project cost Estimate predicts the cost of
resources and work needed to complete the project, and the project budget outlines these
estimated costs and shows how these are allocated within the project. So accurate cost
estimation is essential for creating a realistic budget for the project, which is an important
part of project and project management. (Hunt 2021, p.318) Project budget serves as a
financial roadmap that guides the planning, execution and implementation of a project.
Project budget helps the project to stay within its financial achievements, because it outlines
the estimated costs of project activities, resources, and deliverables. Still, it is very important
to have proper budget planning, since staying within the budget can be hard if the budget
itself is poorly made. By having a cost limitation and tracking actual cost against budget,
project managers can prevent overruns monitoring and controlling costs. (Hunt 2021, p.319-

320)

Project budget can serve as a communication tool between project and stakeholders, since it
keeps the stakeholders informed about projects financial status. Budget and actual costs also
help the approvers understand how the project costs contribute to the project’s objectives.
(Hunt 2021, p.319-320) After the budget is approved by the stakeholders or approvers it
becomes a cost baseline. Cost baseline is a fixed reference about the original project budget
after the approval and helps to measure the performance of the project and is also an
important part of the forecasting process. The cost baseline can then be broken into smaller
time units, like months, weeks or years. This view shows how much is planned to be used in
each period, which helps the project manager to identify potential overruns, and this view is
called time-phased budget. Time-phased budget also makes it easier to control the project

costs when it’s chopped into a smaller piece. (Martinelli & Milosevic 2016, p.249)
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2.2.2 Change management

Changes can appear in a project in every phase, and because of this change management and
change control are an important part of project management and projects. Change
management focuses on the human side of change, meaning that it aims to ensure that the
required project outcomes are achieved through the project team effectively after the change.
Effective change management requires knowledge, tools and resources from the project team
to investigate and identify the change and its effects. Change control on the other hand
represents the structures process for managing the modifications that are made to the project
itself. This often includes documentation of the change and change log to keep track of all
the changes and their effect on scope, schedule and budget. Identifying changes in the project
requires development of strategies, plans and actions that focus on assisting the project team
to effectively implement the changes, before the change can be documented and approved
while also ensuring the positive return of investment. (Martinelli & Milosevic 2016, p.215,

229)

Change management also prepares the stakeholders for the upcoming changes which can
ensure a more streamline change process. Since projects often involve multiple stakeholders
with different interests and perspectives, it is important to involve them in the change
process. This can be done by including them in the approval process, or the planning phase
of the change management. Involving the stakeholder in the change management process
fosters a collaborative environment that ensures that the project objectives remain clear.
Neglecting cost management and control can increase risks in the project and influence its
implementation. These risks can include significant project delays to meet important
milestones, considerable budget overruns and increase overall project costs. In the worst-
case scenario, it can also lead to the project discontinuation which is why change

management should be proactive. (Martinelli & Milosevic 2016, p.233-235)
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2.3 Schedule

Project schedule is an important tool, that provides a structured timeline for the execution of
project activities. It acts as a roadmap for the project team by defining the sequence of tasks
that must be accomplished to achieve the project objectives within the defined timeframe.
Having an accurate schedule is essential for projects and serves several critical purposes like
tracking the project progress and identifying potential issues early. The schedule also
includes the resources that are required for the project completion, and also the specific start
and end dates for tasks and milestones. By providing clarification, the schedule allows the
project manager and the team to maintain focus, allocate resources effectively and deliver
the project within the agreed timeframe. In short, a project schedule allows the project to
efficiently and effectively allocate the project resources, ensuring that the right personnel

and materials are available when they are needed. (Hunt 2016, p.283-284)

Detailed and accurate project schedule is the cornerstone of a successful project, since a
poorly made schedule can disrupt the entire project timeline, potentially leading to budget
overruns. A well-defined project schedule can yield significant benefits, including increased
productivity and efficiency. By providing a clear roadmap of the work to be done and the
associated timelines, the schedule simplifies the allocation of resources, enabling project
managers to identify potential bottlenecks and prioritize tasks effectively. This reduces the
need for rework and streamlines the workflow. In addition, a shared project schedule
promotes improved coordination and communication within the project members. When
everyone operates from the same schedule, responsibilities, task due dates, and dependencies
between different work streams becomes more transparent, and can lead to better

coordination. (Hunt 2016, p.286-287)

Creating an effective project schedule is a multistage process that requires careful planning
and attention to detail. When creating a schedule, the planner should have a clear
understanding of the project’s objectives and scope. Another crucial part of creating a
schedule is determining the task durations, meaning the individual time required to complete

each of the tasks. Determining the task durations requires setting realistic timeframes and
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aligning them with the overall project timeline, but this can be challenging if the work and
tasks are not broken down into more manageable sections. The order in which these tasks
are completed are an essential part of the schedule and there are usually dependencies
between the tasks. It is important to identify any tasks and work that rely on the completion
of other tasks before they can be started. Accurately identifying these dependencies is
important for ensuring an effective and realistic workflow and avoiding potential project

delays that can arise from starting tasks in the wrong order. (Hunt 2016, p.286-290)

When all the necessary information has been compiled the start and due dates can be
assigned to the tasks. This initial schedule serves as the baseline schedule, against which the
project’s actual progress will be tracked and measured. This baseline also includes the
critical path, which determines the shortest time possible to complete the project. Any delay
in a critical path activity directly impacts the project’s overall completion date. If the project
falls behind schedule, the first step is to identify the cause of the delay. This usually involves
thorough analysis to pinpoint the specific reasons that contribute to the delays in the project
timeline. Understanding the reasons behind the delay is important for developing strategies
to deal with the delays and to prevent similar issues from arising in the future. (Hunt 2016,

p.313-314)

2.4 Earned Value Management

Earned value management (EVM) is a project management technique for measuring project
performance and progress. EVM enables project teams to identify problems before they
actualize. EVM combines scope, schedule, and cost to measure project performance and help
the project manager to monitor and control their projects. It involves tracking the planned
work, the actual work completed, and the actual cost to determine if the project is on track
to meet its targets. (Sparrow 2000) EVM can be effectively used in many industries and
different size projects, but there are few key elements needed for effective EVM which are

(Sparrow 2000):
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e Scope management: Defining project scope, objectives, and deliverables is crucial
so that project progress can be measured, and so that there is some kind of baseline

for the measurement.

e Cost management: Creating a budget and tracking actual costs against the planned

budget is important for cost control and for measuring the performance of the project.

e Schedule management: Developing a detailed project schedule and monitoring

progress against the created schedule helps ensure the project stays on track.

e Change control: Having processes that help the project manage scope and prevent

cost and schedule overruns.

EVM is one of the most widely used performance measurement tools in project management
(Ylacin et al. 2024). It is also a very widely studied topic and different calculation styles and
factors are also implemented in the use of EVM. Still EVM uses three key values, which can
be seen in figure 7. These values are budgeted cost for work scheduled (BCWS) that is also
called planned value (PV), actual cost for work performed (ACWP) also called actual cost
(AC), and budgeted cost work performed (BCWP) also called earned value (EV). (Sparrow
2000) Also, the budget at completion (BAC) also called total value (TV) should be
determined in the planning phases of the project. Analysing the EVM numbers and results

is technique called earned value analysis (EVA). (Martinelli & Milosevic 2016, p.279-280)
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Figure 7. Earned value analysis (Sparrow 2000)

Earned value tells the original estimated costs for the work that is completed, like the name
BCWP implies. it uses both actual and budgeted measurements, which sometimes causes
confusion. Earned value measures the actual work completed and budgeted costs for the
work. There are multiple ways to measure completed work, but the most common methods
are 0/100, 50/50, milestones achieved, and percent completed. In 0/100 the work is seen as
0% completed until completed, and when completed it is marked as 100%. (Martinelli &
Milosevic 2016, p.295) The 50/50 assumes that the task or work is 50% when it is started
and 100% when it is completed (Hunt 2016, p.324). These two methods work for short term
works and tasks. In the milestone method the work is at 0% until a certain milestone is
achieved and after the milestone is achieved it is counted as 100% completed. The milestone
method works when the task or work has milestones, and these are usually long-term tasks
and work. The percentage completed uses judgement or actual measurement to estimate the

progress as percentages. (Martinelli & Milosevic 2016, p.294-295)
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The performance metrics that are measured in EVM are cost variance (CV), schedule
variance (SV), cost performance index (CPI), and schedule performance index (SPI). Cost
variance indicates if the project stays within the project’s budget, and it is the difference
between the budgeted cost and actual cost. If the variance is positive the project is on budget,
but if the variance is negative the project is over budget. Also, if the variance is equal to 0,

the project is on budget. (Sparrow 2000)

CV=EV-AC (1)

Schedule variance indicates how the project is progressing within the schedule. It tells if the
project is ahead or behind the plan, but not necessarily the impact or amount of the
difference. Schedule variance is the difference between earned value and planned value. If
the variance is negative the project is behind schedule and if the variance is positive the
project is ahead of schedule. Also, in this case if the variance is equal to 0 the project is on

schedule. (Sparrow 2000)

SV=EV-PV (2)

Cost performance index measures the cost efficiency of the project, and it is the ratio between
earned value and actual costs. CPI indicates the expected cost performance of the completed
portion of the project. When the index value is equal or greater than one it indicates a
favourable condition meaning that the project is cost efficient. When the index value is less
than one it indicates unfavourable conditions meaning that the project is overspending.

(Sparrow 2000)

CPI=EV/AC (3)
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Schedule performance index measures project schedule efficiency, and it is the ratio between
earned value and planned value. When the SPI index value is equal or greater than one it
indicates favourable condition, and while the value is less than one indicates unfavourable
condition. A favourable condition could be a situation where the project is completed ahead
of schedule and an unfavourable situation would be one where the project end is delayed.

(Sparrow 2000)

SPI = EV/PV 4)

Using EVM in a project can bring many advantages for identifying risks and forecasting
project outcomes in advance. Also, the variances from EVM can highlight the project’s cost
and schedule deviation from the planned baseline and the index numbers can help conclude
the future performance. These help the project manager to make corrective actions if needed
and benefits the decision making in the project. EVM can affect the project forecasting when
used efficiently with accurate data and visualizes the project better to the stakeholders.
Although this requires that the project has the mentioned key elements, that specify the
baseline for the earned value. Also, if the project scope changes often, it makes the use of
EVM more difficult and harder to maintain an accurate baseline. (Martinelli & Milosevic

2016, p.292-294)

2.5 Uncertainties and risks

Project risk usually refers to the possibility of failing to achieve the expected benefits of a
project, meaning that this event or condition may or may not occur and it also may have a
negative impact on the project. Uncertainty refers to an uncertainty about coming events or
conditions that can disrupt project plans. Uncertainties are for instance resource availability,
economic conditions, volatility or changes in customer requirements. All projects involve
some kinds of risks and uncertainties in them, but by identifying them and preparing for

them can minimize the effects if they happen. (Becker 2004)
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Risk management is an important part of a project, since it allows the project team to
navigate projects efficiently by identifying potential problems early. Understanding project’s
level of risk helps project managers to determine necessary budget and schedule reserves,
allocate resources to high-risk areas and make informed decisions by weighing risks.
Without good risk management practices and tools, the project manager and the project
might find itself in a crisis management mode with one problem appearing after another.
Risk management acts as a preventive practice towards risks, where the project team can
identify potential problems and implement corrective actions to avoid the impact of risks. In

most projects the risk management approach is very similar, where it focuses (Becker 2004):

1. Planning

2. Risk identification

3. Qualitative risk analysis
4. Quantitative risk analysis
5. Risk response planning

6. Risk monitoring and control

Having a risk management plan is crucial, and by creating it early on helps to prevent issues
and also reduce their impact if they happen. The risk management plan itself provides a more
structured approach on risk management, which helps the project manager to handle
uncertainties effectively, and prevent problems before they affect the project. The risk
management plan also helps the project and project manager in decision making, by having
a plan for the certainties and uncertainties. Risk probability and impact assessment are
fundamental components of all risk management, and the project complexity or situation
does not affect this. Complexity and situation can affect the usage of historical data and
lessons learned, since the situation or project might differ greatly compared to previous

projects. (Becker 2004)
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The monetary value of risks can be estimated by multiplying the monetary value of the
adverse impact of the risk by the assumed probability of the risk. The cost estimates should
also take the risk into consideration, and they usually include uncertainty reserves which can
be used to cover the unpredictable costs. These contingency reserves take into account the
effect of inflation and they are also used for the unexpected situations that occur. The risk
management should also take into consideration possible variations in material and service
costs, because uncertainties in markets may have an impact on the costs. Only during the
project execution phase the prepared estimates become reasonable in their range (Martinelli
& Milosevic, p.384). By identifying risk events and consequences the project can better
develop the reserves needed for the project, and one of the most effective ways of identifying

current and past risks is risk register. (Martinelli & Milosevic, p.378-384)

Risk register is one of the most important tools of risk management, it acts as the primary
record of project risks. It usually contains necessary information about the project risks, both
open and closed events. The inputs in risk registers contain information, like identifiers,
dates, assessment outcome, response plan, and summary of the actions taken. One of the
most effective methods for identifying and assessing project risk and actions needed for them
is using a risk matrix. Because the risk register acts as a primary record of all the project
risks, it must be initialized in the early phases of the project and used throughout the whole
project. In addition, identifying the project’s risks, each of the risks must be analyzed for
their likelihood, impact and severity to decide what kinds of actions should be taken. It gives
a more comprehensive view on project risk status and helps the project manager balance the
risks and required actions. The most beneficial factor of risk register is the contribution for
helping the project manager to protect the project’s objectives and business goals from

uncertainties (Martinelli & Milosevic, p.393).
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3 Cost forecasting in projects

Cost forecasting is an important part of project control, and effective cost control and
forecasting are crucial for keeping projects financially stable and aligned with the strategic
goals. The most important purpose of cost forecasting is to ensure that the project does not
exceed the allowed budget, since going over the budget can affect the project’s profitability.
Accurate cost forecasts enable information-based decision making and help to avoid budget
overruns and delays. Cost control involves tracking budget allocations, assessing cost-
effectiveness and making cost reports to guide decision making in projects. Simply put, cost
forecasting involves examining the actual costs and budget of a project and using these to
forecast the upcoming costs and progress through costs. Regular cost reporting, covering all
incurred and committed costs, helps the organization stay ahead of potential financial issues.
Without reliable forecasts, companies risk exceeding budgets and misallocating resources.

(Li et al. 2024)

The forecasts should be based on actual project data and with a collaborative approach,
where the project team contributes their insights, can enhance the accuracy and transparency
of the forecasts. The project and project work should be split into more manageable units
like WBS work packages, because this makes the cost monitoring more effective even
though it might require more work. (Bayram & Saad 2018) Forecasting smaller groups gives
better insight of different areas inside the project and this also helps to identify risks and
their origins better (PMI 2019a, p.53). Forecasting project cost also gives better
understanding of the project’s status and progress to the upper management and portfolio,

since they often require timely project data for effective decision-making. (Li et al. 2024)

Effective cost monitoring requires more than just tracking expenses, it also requires the
prediction of future costs. If discrepancies arise, the project team should evaluate their
impact and take corrective actions as soon as possible. (Bergerud 2012) One of the key
elements of forecasting is assessing project completion rates against the project budget,

which allows the project manager to anticipate the overruns and take corrective action on
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time. Monthly and quarterly forecasting is a more practical approach to forecasting than long
term forecast, because long-term forecasts tend to be less reliable. Shorter terms give a
chance to actively manage deviations so that the organization can reduce the financial risks
of the projects better. By integrating forecasting models, organizations can enhance resource

distribution and financial planning throughout the project timeline. (Bayram & Saad 2018)

Important part of cost forecasting is establishing the cost baseline and developing project
budget. The cost baseline serves as a critical benchmark against which the project
performance is monitored, and the cost variances are measured. Budgeting means allocating
the estimated costs of the resources to specific activities or cost accounts, which then form
the basis for cost control. Well defined cost baseline, including the uncertainty reserves like
contingency are almost essential for efficient cost control. They also provide a good
foundation from which the accuracy of future cost forecasts can be evaluated. (Teicholz

1993)

3.1 Measuring forecasting accuracy

Accurate cost forecasting is cornerstone for the viability of projects and for maintaining the
confidence of all stakeholders involved. It is also important to have an established way of
measuring and reporting the accuracy of the forecasts. Both good and bad forecasting
accuracy has its own effect on the project, stakeholders and risks. There are many different
metrics for measuring the accuracy of forecasts, some of which are discussed here. (Zwikael

et al. 2000)

MAPE

The Mean Absolute Percentage Error (MAPE) calculates the average of the absolute
percentage differences between the forecasted and actual costs. The formula for calculating

MAPE (Kim & Heeyoung 2016):
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Where 4 is the actuals, F is the forecasted amount and N is the number of data points. It
indicates the average magnitude of error in a set of forecasts and shows them as percentages
of the actual values. MAPE gives the value as percentages, which can be useful for
comparing the accuracy of forecasts of different projects that have different costs or scale.
However, it has limitations, like that it’s not most suitable with zero or near zero values.

(Kim & Heeyoung 2016)

MPE

The Mean Percentage Error (MPE) also measures the average percentage difference but
retains the sign, indicating whether the forecast tends to be over or under the actual value.

The formula for calculating the mean percentage error is (Wang & Qiao 2024):
MPE =X 3 (ﬂ) x 100 (6)
N “=1\ 4,

Where 4 is the actuals, F' is the forecasted amount and N is the number of data points. One
of the features of MPE is that it can reveal systematic biases in the forecasting model,
meaning that it can indicate whether the model has a tendency to consistently over or under
forecast project costs. As in MAPE, giving the forecast error as percentages can be useful
for comparing the accuracy of forecasts of different projects that might have very different
total costs or scale. Positive value indicates that the forecasting model tends to over forecast
the project costs and negative value indicates that it has a tendency to under forecast project
costs. But when calculating the MPE the positive and negative errors can cancel themselves
out, and it is also not the most suitable when there are zero actual values. (Zwikael et al.

2000)

RMSE
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Root Mean Squared Error (RMSE) measures the average magnitude of the error. RMSE
represents the square root of the average of the squared differences between the forecasted
costs and the actual project costs. The formula for calculating RMSE (Matyjaszek et al.
2019):

N _
RMSE = /Z“KATW (7)

Where 4 is the actuals, F'is the forecasted amount and N is the number of data points. RMSE
gives more weight to larger errors, because the calculation method strengthens the impact of
notable deviations. Squaring the errors in the calculation means that if the project cost
forecast differs significantly from the actual costs, it will have a much greater impact on the
final value compared to smaller errors. RMSE value is the same unit as the project costs,

which helps to understand the error and its magnitude. (Matyjaszek et al. 2019)

WAPE

Weighted Absolute Percentage Error (WAPE) measures the forecasting accuracy of projects
by comparing the difference between the actuals and absolute value of the difference

between actuals and forecasted values. The formula for calculating WAPE (Lee et al. 2022):

_ SN lAc- Rl
WAPE = T 1Al

x 100 (8)

Where A is the actuals, F' is the forecasted amount and N is the number of data points.
Compared to MAPE, it gives more weight to errors, when there are bigger actuals. So, if
there are many projects that are different sizes and have very different actuals coming
monthly WAPE can be a good way to measure the overall forecast errors. WAPE can be
presented as percentage or as numerical value. One of the disadvantages of WAPE is that it

does not show the direction of the errors as well as the other methods. (Lee et al. 2022)
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Other possible metrics include Mean Absolute Deviation (MAD) and Symmetric Mean
Absolute Percentage Error (SMAPE). both of which provide a different perspective on
forecast performance. The selection of metrics depends on the specific objectives of the
project and the aspects of the forecast performance that are most critical. In addition to
establishing the measurement metrics, establishing accuracy benchmarks is important for
evaluating the effectiveness of the forecasting process. This can be achieved by comparing
the achieved accuracy against historical data from similar projects, but this requires that the
historical data is reliable. Also, industry standards and benchmarks can be used. (Zwikael et

al. 2000)

There should also be acceptable tolerance levels for forecasting errors that define the range
within which the forecasts are considered sufficiently accurate. Analysing the forecast errors
is important for identifying recurring patterns and gathering the causes of the errors.
Understanding the nature and causes of these errors can provide insight for improving the
forecasting model and process. Tracking the forecast accuracy over time can also reveal
whether the forecasting performance is improving or declining and can highlight areas that
may require further attention. By analysing forecast errors, projects and the organization can
take steps to mitigate the risk of future inaccuracies and enhance the overall reliability of

their cost projections. (Zwikael et al. 2000)

3.1.1 Impact of forecasting accuracy on project implementation

The accuracy of the cost forecasts play an important role in determining the success of a
project, and they also affect different details of project management and outcomes. Accurate
cost forecasts contribute to the project control and positive outcomes. By providing a
realistic financial outlook, accurate forecasting allows project managers to build reliable
justifications for project implementation. Also, when stakeholders have access to accurate
and up to date cost forecasts, their trust in the project and management is significantly
enhanced. Accurate cost forecasts also enable more efficient resource allocation. By

understanding the future financial impact of each project element, project managers can
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make more informed decisions about when and where to invest resources and to ensure the

availability of personnel, equipment and materials. (Batselier & Mario 2017)

Accurate forecasts also enable proactive risk management, because with clear understanding
of potential financial risks the project team can develop effective mitigation and uncertainty
reserve plans to minimize the impacts of unforeseen events. Cost forecasts also enhance
decision making in projects when accurate, because with accurate financial projections, the
project managers and stakeholders can make more informed decisions regarding project
scope adjustments and timeline modifications. This can ensure that the project stays on track
financially and meets its objectives. By keeping the costs within estimated ranges and
identifying opportunities for cost optimization through forecasts, projects are more likely to

deliver the expected financial returns. (Batselier & Mario 2017)

3.1.2 Consequences of poor forecasting accuracy

Inaccurate cost forecasts can have severe negative impact for projects and stakeholders. One
of the most common and significant impacts is budget overruns, when the forecasts
underestimate the actual costs. Underestimating actual costs can lead to budget overruns,
when the forecasted amount is much less than the actual costs. This can lead to a situation
where the project needs more funding, which can affect the profitability of the project and
can lead to discontinuation of the project. Unreliable forecasts can affect the schedule of the
project and lead to delays in the project. Funding shortages that result from under forecasting
can require some work to be delayed, which can push the project completion times back. In

addition, this can lead to misallocation of resources. (Batselier & Mario 2017)

Inaccurate cost forecasts also make the decision making more challenging for project leaders
and stakeholders. When the financial information is unreliable, it becomes difficult to make
strategic choices about the project’s direction and can potentially lead to poor outcomes. In
addition, consistent inaccuracies in forecasts can lead to loss of credibility for the project.

The most direct consequence of inaccurate cost forecasting is often financial loss for various
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stakeholders and increases the overall risk exposure. The financial uncertainty created by
unreliable projections can lead to bad outcomes, like project abandonment due to lack of
funds. (Batselier & Mario 2017) Bad forecasting accuracy can have many reasons behind it
like technical, political or psychological reasons. Technical reasons refer to project
uncertainties or data quality. Political reasons refer to the strategy to increase the profitability
of the project for approvals and funding. Psychological reasons refer to optimistic bias in the

forecast makers. (Bayram & Saad 2018)

3.2 Commonly used forecasting methods and techniques

There are many ways to create cost forecasts that project control can choose from, both
quantitative and qualitative approaches. Quantitative approaches use mathematical and
statistical models on historical data to forecast the future outcomes and costs. These methods
are data-driven, algorithmic and help at creating forecasts with less human intervention in
the calculations. Common qualitative methods include time-series analysis, regression

analysis, and predictive analysis. (Oracle 2025)

In time-series analysis forecast the future values based on historical data like trends and
cycles. There are different time-series methods like moving averages, exponential smoothing
and autoregressive integrated moving average (ARIMA), that use the historical data to
predict the future costs. (Oracle 2025) These methods are most useful when there is enough
stable historical data where the trends can be identified. This also means that the methods
will also assume that those past trends will continue in the future, because of these significant
changes and external factors can affect the happenings of those trends. Because of this, time-
series forecasting works best in stable environments with well-established data trends and

its accuracy decreases when the conditions change. (Uvarova 2023; Oracle 2025)

Regression analysis studies the statistical relationship between project costs and various
independent variables often called cost drivers. By identifying and modelling these

relationships, the future costs can be predicted better by basing these on anticipated values
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of the cost drives. Regression analysis can also be classified as a casual forecasting method,
and it can be used to estimate how changes in labour rates or material prices will impact
project cost. The accuracy of this method depends on correctly identifying the relevant cost
drivers and assuming that the relationships will remain consistent throughout the project.
Regression analysis is particularly effective when it’s used alongside historical data and
current business factors that allows the organization to make informed decisions (Tayfeh et

al. 2020; Oracle 2025).

EVM as mentioned before 1s a method for performance-based cost forecasting that considers
the project scope, schedule and cost data to forecast the cost and schedule outcomes. It can
be used to calculate the project’s actual performance against the planned baseline, and to
calculate metrics such as cost variance and schedule variance. EVM values can be used to
forecast the estimate at completion, which provides a forecast of the total cost expected upon
completion of the project. EVM offers a way to make the forecasts based on actual project
performance, rather than depending solely on historical data and averages. However, its
effectiveness depends on the accuracy of the input data and well-defined baseline plan. If
the project’s progress data is unreliable or the baseline was flawed, the forecasts derived

from EVM can be faulty and inaccurate. (Batselier & Mario 2017)

Machine learning (ML) techniques, a subset of artificial intelligence (Al), can offer a data-
driven way to forecast project cost by automatically learning patterns from historical data.
Unlike the previous methods, machine learning does not rely on predefined formulas or
single-factor adjustments and instead they can consider multitude of wvariables
simultaneously and uncover complex, non-linear relationships in the data. (Natarajan 2022)
One clear advantage of ML is its ability to handle high complexity and to process large
amounts of data. Using ML to identify patterns reduces the need for fixed formulas and
relying only on human intuition. The ML algorithms can be based on different models like

regression model, decision tree or neural network. (Tayfeh et al. 2020)

The ML model can also be used alongside the traditional methods like EVM or information-

based forecasting, and sometimes this can yield the best results since the ML adjusts the
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forecasts that are based on information coming from the project team. (Natarajan 2022)
Modern cost forecasting methods use advanced algorithms and artificial intelligence to
improve the accuracy of the forecasts, like predictive analysis. Predictive analysis utilizes
sophisticated algorithms to analyse large and complex data sets, to identify patterns and
predict potential future costs. (Tayfeh et al. 2020; Oracle 2025) Also, when the ML system
is in place, it can continuously use the new data and update forecasts. This means if the
project environment changes or new actual data comes in, the model can adjust the forecasts

based on the latest information. (Oracle 2025)

However, these methods still require specialized expertise and high-quality data to be
effective, of course the amount of the data varies between the models. The simpler models
can work with data from 100 projects, and the more advanced models might require data
from 1000 projects. (Narbaev et al. 2024). If the input data is poor or the project is unique
and has no correspondence from history, even the ML can struggle to produce reliable and
accurate forecasts. These data-driven models can better incorporate both historical
information and real-time input to provide more responsive forecasts under changing

conditions. (Tayfeh et al. 2020)

Taking the ML model into use requires knowledge and time, because it requires the training
of the model and also specialized skills to implement it to systems. There are four types of
learning that can be used to train the ML, which are supervised, semi-supervised,
unsupervised and reinforcement. All of which include varying amounts of human interaction
and data. (Oracle 2025) In cases of insufficient historical data, forecasters might resort to
techniques like Monte Carlo simulation. Monte Carlo simulation is a probabilistic method
that generates a range of possible outcomes to explore uncertainty rather than relying purely
on ML. Overall, predictive analysis can significantly enhance cost forecasting accuracy and
insight, but organizations must invest in data collection and model development. (Tayfeh et

al. 2020)

Qualitative methods play an important role in project control and forecasting, especially in

cases where historical data is limited or cases when the project is very unique. Qualitative
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methods rely on human expertise, judging, and experience rather than purely on numerical
data. Human expertise and experience are often the opinions or intuition of a group of experts
that can capture factors that models overlook, especially during the early stages of a project
or in more special situations. Qualitative ways can be methods like expert judgement that

includes Delphi method and panel consensus method or scenario planning. (Oracle 2025)

Expert judgement involves relying on the knowledge and experience of seasoned
professionals to forecast project costs. Instead of calculating forecasts from past data, expert
judgement relies on insight gained from experience on similar projects and an understanding
of current project conditions. Delphi method surveys a group of experts through multiple
rounds to arrive at an agreement on the forecast. This approach ensures that the results are
not biased by a dominant individual and that a wide range of perspectives are considered in
the final forecast. Another variant is the panel consensus method, where experts openly
discuss and collaborate to produce a collective forecast. The value of expert judgement is
that it can account for qualitative factors. However, the accuracy of these forecasts depends
on the expertise and objectivity of the people involved, and also human bias is a known

challenge. (Arvan et al. 2019; Oracle 2025)

Scenario planning involves developing multiple future scenarios and forecast the potential
costs associated with each of the scenarios. Instead of aiming for a single-point forecast, this
method explores a range of outcomes, typically best-case, worst-case and most likely
scenarios for the costs. This method is most useful in environments with high volatility or
uncertainty, since the project team can prepare contingency plans for the difficult situations.
By considering multiple scenarios, the project manager and stakeholders also achieve a
better understanding of the range of possible cost outcomes. Scenario planning enables more
information-based decision making but requires more effort to develop and analyse the
different scenarios. (Arvan et al. 2019) Still scenario planning method promotes a more

adaptable approach to forecasting. (Oracle 2025)
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3.3 Cost forecasting challenges

Cost forecasting has its own challenges and is influenced by both internal and external
factors that can significantly affect the accuracy of the forecasts. The complexity of the work
scope is one of the primary factors that affects forecasting accuracy, since it often brings
complex technical and systematic requirements to the project. Effectively managing the
costs and forecasts in a complex environment requires understanding on how they affect the
project overall budget and forecasts. The more complex the technical requirements and
project components the project includes the more challenging it becomes to predict the

incoming costs accurately. (Themsen 2019)

Scope creep and changes during the project execution can represent significant challenges
to cost forecasting. Scope creeps can occur when the project’s requirements change during
the execution without prior planning and can lead to increased costs and extended timelines.
The changes often come from new client requirements, design modifications and regulatory
updates. Efficiently managing and controlling the project scope throughout its lifecycle is
very important and when done correctly it can positively impact the forecasting accuracy.
(Themsen 2019) Poor resource allocation also often affects the projects productivity and lead
to overruns, particularly the poor resource allocation of labour, which can make the
forecasting more challenging. When there are labour constraints in the project, it can be
difficult to quickly and accurately assess the resources needs, which can negatively affect

the project’s ability to stay within budget and on track. (Alshibani et al. 2024)

Effective cost forecasting also requires accurate and real-time data and information from the
project and project team. This can include timely data about the jobsite, information on the
quality of work, the cost of time and materials, and safety. The lack of consistent information
across different aspects of the project can lead to delays in identifying potential cost impacts
and updating the forecasts accordingly and unrealistic forecasts. The human error and data
quality can introduce inaccuracies into forecasts, since cost forecasting often relies on the
collection and analysis of significant amounts of data. If the data is incomplete, outdated, or

contains errors, it can lead to misleading predictions and through that to unreliable forecasts.
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Also, manual work can introduce human errors, especially in the cases of manual inputs.
Mistakes in manual calculations and data entry can negatively affect the accuracy of the

forecast. (Alshibani et al. 2024)

The external challenges are often the unforeseen risks and uncertainties that affect the
projects, that can affect all the projects despite and can make the cost forecasting more
challenging. Things like supply chain disruptions, weather-relayed delays, unexpected
conditions, economic or political instability can often affect the project if they happen. These
often affect the forecasts and their accuracy, since the unpredictable nature of these things
makes it difficult to account for all potential cost impacts on time. (Themsen 2019) The
market volatility is another significant challenge that affects the cost forecasting accuracy.
The cost of materials and equipment is often subject to fluctuations driven by market
conditions, which makes it more difficult to make accurate forecasts. Factors such as
inflation, disruptions in global supply chains, and geopolitical events can rapidly alter the
prices of essential project services and material. This can lead to significant deviations from
initial cost estimates, of course there are the contingency reserves that can help to take into

account these things. (Uvarova 2023)
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4 Current state

The company that this work is being made for, wants a more detailed picture of what the
current forecasting process and forecasting accuracy are like. At the same time, they want to
find out the basic information about what factors affect the forecasting accuracy the most at
the moment. The current process was investigated by interviewing the project controllers
who make the monthly forecasts, and forecasting accuracy was investigated through data
analysis. The implementation of the new ERP system has affected the systems that are used
for forecasting and also added new processes and procedures to the forecasting process.
Learning these new procedures and systems makes the process more time consuming. One
of the reasons for this is that because there are many different systems, manual work is also
required so that data is correct and right data is imported to the right system. Also, when
there are multiple systems that require manual numerical inputs, the possibility for human

errors 1s increased.

The investment projects in the company have three different models based on investment

cost, complexity, scale and scope. These three types are:

1. Streamlined: Streamlined project model is suitable for small brownfield projects
with low to medium complexity. Project phases are combined meaning that after the
streamlined study phase the project moves to streamlined execution if the
requirements are met.

2. Standard: Standard project model is the default project type that is used for projects
that are executed within the company.

3. Major: Major project model is used for greenfield projects that are larger, more
complex and include strategic investments. Also suitable for projects that lead to new

markets.

The amount of streamline, standard and major project models vary, but from the analyzed

305 projects, 181 are standard model projects, 109 are streamlined model projects, and 15
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are major projects. Another important distribution within the investment projects is the
project capital expenditure (Capex) and operating expenses (Opex) costs. Starting from
definition and streamlined execution phase the projects start having capital expenditure
costs. In the analyzed 305 projects, 240 of them have Opex costs and 189 of them have
Capex costs. Capex type projects include EPCM hours, materials, subcontracts, and
contingencies. Opex type projects include the costs and activities like admin costs and

subcontracting and engineering costs related to demolition.

Several changes have already been made to the project controllers’ workflow and forecasting
process. Some of these changes are related to the ERP migration, while others are part of
broader efforts to improve the forecasting process. One notable change involved the handling
of the payment plan data, which previously was integrated into the forecast and included in
project reports as part of the forecasted figures. While this approach initially worked well, it
was abandoned in August 2024 because it began to complicate the forecasting process. The
main issue came from the timing, because procurement was responsible for updating
payment plan dates, and these updates were often made at the same time when the project
controllers prepared the monthly forecasts. This overlap sometimes led to duplicate cost
entries in the forecasts. Another significant improvement was the implementation of a new
analytics system that allowed the project controllers to adjust the forecast numbers directly
before updating them to the ERP system. This system also provided more detailed insight
into how numerical inputs impacted the project budget, thereby improving transparency and

control in the forecasting process.

4.1 Forecasting accuracy

One of the main reasons for this thesis was to review, analyse and find ways to improve the
forecasting process and accuracy. For measuring the forecasting accuracy, the company
provided historical data on the forecasts and actual costs from projects. The forecast data
came from the ERM system which currently is the main system for the creation of the

forecasts and the actual cost data came from the ERP system, which is the master data
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system. This required combining the project’s historical forecasts and actual costs from
multiple spreadsheets and dividing these into activity levels and by cost category to aid the
analysis. The ERP migration also appears in the data, where there are a lot of both old and
new project numbers and varying project structures that affect how the activity data is
combined. Also, removing the data from the few projects that were not within the

geographical scope of this work.

The data is from October of 2024 to May 2025. The original plan was to use data from
September 2023, which was the month when the new ERP system was implemented to the
forecasting process. But because of difficulties with the payment plan data from ERM, the
amount of data was reduced. When combining the payment plan data with the forecast data,
it led to unrealistic forecast amounts, indicating that there were double costs. Also, excluding
the payment plan data from the forecasts led to significant under forecasting from the

periods.

When the original data was inspected, it was noticed that some of the forecasts already
included payment plan data which led to double forecasting that was not the reality. The
reason why September 2024 was excluded from the analysis part was because the effects of
the payment plan removal can be seen in that month, and it could be concluded that not
enough caution was used and the differences from payment plans were left to the forecasts.
The visualized data is shown in figure 8, that also shows the forecasting accuracy for each
month which was calculated by dividing the actuals with the forecast. Because of this, the
closer the values are to 100%, the more accurate the forecast is. The average accuracy of the

reviewed period is 81 %.
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Figure 8. Forecasting accuracy.

As is seen in figure 8, the forecasting accuracy has had some variance over the months and
in most of the months it is not accurate enough. Although it is good to remember that this
forecasting data it is not the finalized form of the forecast. This means that there can be some
changes made to the forecast before the finalized forecast is sent to ERP. These changes can
affect the forecasts monthly distribution, and they cannot be seen in the figure 8, since these
changes are not in the data. Still, this gives a good perspective for what the finalized forecasts
might be like since the changes are usually not so big. One of the reasons for these changes

are the differences in the actuals between the systems.

Figure 9 also shows the forecasting accuracy but shows it in Capex and Opex projects.
Without the numerical values the graph can be misleading, showing that the Opex values
can be quite high sometimes compared to Capex values, but the truth is that Opex values are
usually much smaller than Capex values. The capex costs mostly follow the overall
forecasting accuracy graph and currently have better forecasting accuracy than the opex

projects. The Opex projects on the other hand have more variances, and lower forecasting

ACCURACY
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accuracy when compared to the capex projects. More attention should be paid to opex costs

to bring the accuracy to a more acceptable level.
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Figure 9. Capex and Opex forecasting accuracy.

When looking at the forecasting accuracies of projects, it is also good to be aware of which
activities have the biggest errors in the forecasts. Table 2 shows the five activities that have
the biggest and smallest forecasting errors, and the five activities that have the best accuracy
overall. The table also shows how much the forecast and actual costs they cover.
Subcontracting activities seem to have good accuracy overall, especially instrumentation and
scaffolding activities that affect both the forecasts and actual costs, have good overall
accuracy. On the other hand, piping subcontracts that is one of the workforces that is often
very utilized tends to be over forecasted. Of course there can also be optimism bias in the
forecasts, especially because the actual costs of piping subcontracts tend to be very big.
Equipment costs like columns, trays, heat exchangers, compressors and vessels have both
high and low forecasting errors, meaning that the costs are over and under forecasted. This

can arise from the payment plan dates and numbers, and how they are used in the forecasts.
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The construction site activities have the best accuracies, when excluding the engineering
field supervision. This activity has a very high error percentage, but its impact on the size of
the overall forecast is also very small. The regulatory and compliance activities like legal
costs, insurances and licences, seem to be hard to forecast. In these activities it can be hard
to know when the actuals come, and the size can be hard to predict. Of course, in the case of
the under forecasting, there can be sudden increases in costs or missed scope that was not
taken into consideration in the forecasts. This table provides an overview of the overall
forecasting performance by activity. However, the situation may vary on a monthly basis,
which is why it would be beneficial to monitor the forecasting accuracy of the activities on
a monthly level. Especially in months where the actuals of the subcontracting and material

costs are higher, since they tend to be the majority of the project costs.

Table 2. Activity forecast error percentages.

ACTIVITY ACTIVITY ERROR-% %-OF TOTAL  %-OF TOTAL

NUMBER FORECAST ACTUALS
1200 Engineering field supervision 6167,44 % 0,03 % 0,00 %
9400 Legal Costs & Insurances 1140,89 % 0,25 % 0,02 %
7400 Piping subcontract 371,85% 8,44 % 1,76 %
2300 Columns & Trays 269,23 % 0,18 % 0,05 %
2700 Package units 176,80 % 3,55 % 1,26 %
1250 Construction management 4,02 % 1,58 % 1,49 %
7900 Scaffolding / Cranes/ Temp facilities 3,60 % 5,33 % 5,05 %
1120 Electrical engineering -0,73 % 2,05 % 2,03 %
7300 Instrumentation subcontract -0,91 % 2,59 % 2,57 %
2900 Pumps -2,03 % 0,59 % 0,59 %
2100 Heat exchangers -70,46 % 0,11 % 0,37 %
2800 Compressors -76,13 % 0,34 % 1,39 %
2200 Vessels -100,00 % 0,00 % 1,32 %
7150 Buildings subcontract -100,00 % 0,00 % 0,00 %
9700 Licence and Fees -100,00 % 0,00 % 11,38 %

These percentage errors can be very high, when there are low actuals or high forecasts. The
forecast calculation methods used in the images and tables might not be the most suited ones,
but they are visually effective in illustrating the accuracy. As mentioned in the theory section
there are multiple ways to calculate the forecasting accuracy like MAPE, MPE and RMSE.

MAPE and MPE can be good ways, but due to tiny or zero values in some months they are



58

not as viable as some of the calculation methods since they tend to misbehave with low
values. RMSE is also a viable option since it gives more weight to larger errors but might
not be visually as pleasing as the others since it shows the values in the same unit as the

original information.

Also, individual project forecast accuracy can vary significantly, but when viewing the
overall accuracy of all the plant investment projects, accuracy tends to balance out as
overestimations and underestimations offset each other. Because of this the overall monthly
accuracy can be good, but all the projects individual accuracies can be bad. Here we should
consider from which perspective the project forecasting accuracy should be viewed. WAPE
could be the best option, since it scales with the project size meaning that bigger projects
have more influence in the accuracy. It also works well when the actuals are close to zero,
gives the error in percentage and it’s also good for measuring the improvement in

forecasting. Accuracies calculated with WAPE can be seen in figure 10.
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Figure 10. WAPE forecasting accuracy.
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The WAPE values work differently compared to previous accuracy images, and the closer
the percentage is to zero the better, meaning that values over 100 % are considered inaccurate
forecasts. For example, although the previous figures showed good overall accuracy for
November 2024, Figure 10 shows poor accuracy for the same month. Of course, when
calculating and reviewing the accuracy, it would be good to set tolerance levels for forecasts.
These tolerance levels can indicate whether the accuracy is at an acceptable level. This level
can be modified as needed, and when there is a good understanding of the acceptable
accuracy levels. As noticed before the projects tend to over forecast, as is also seen in figure

11, that shows the MPE of the projects.
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Figure 11. MPE of projects.

Because MPE does not work well when the numbers are close to zero, absurd numbers that
resulted from these were removed from the figure 11. This is because these absurd numbers
would throw off the figure and the average values very much. Also, because there were
projects that had no actuals but had forecasts the formula does not work, because you can’t
divide by zero. Because of this only 238 projects have been included in the MPE figure. The

MPE image gives better understanding about how all the projects affect the overall forecast
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accuracy. Some of the projects can underestimate the monthly costs when viewed over the
entire project timeline, and some overestimate. The average MPE of the projects is 67 %

meaning that the project tends to modestly over forecast.

4.1.1 The impact of project size and complexity on forecasting accuracy

One way to measure the size and complexity of a project is through the project models. As
mentioned earlier, a streamlined project model is suitable for small brownfield projects that
are not very complex. The major project model on the other hand is suitable for greenfield
projects that are larger and more complex. There are 15 major projects, and they cover 5 %
of all the costs from the reviewed period and 5 % of the total forecast and the accuracy of

the major projects can be seen from figure 12.
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Figure 12. Major projects cost forecasting accuracy.

As is seen from figure 12, there has been a lot of variation in the major projects cost forecasts.

There are some accurate months within the reviewed period, but also many where the

ACCURACY
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accuracy has gone badly. Though it is good to remember that when reviewing the overall
accuracy, the capex and opex projects can correct each other. Also, the actual and forecast
amounts have been decreasing, possibly indicating that some of the major projects are nearly
completed. During the interviews the interviewees mentioned that larger projects require
more work, meaning more contracts, more people to coordinate with and more information
and data gathering. At the same time bigger projects can usually withhold smaller changes
better without affecting the project, and as the project progresses those errors can be
corrected through other activities. When bigger changes and variation occur, they can affect
the overall forecasting accuracy significantly. Major projects cover 1-8 % of the monthly
actuals depending on the month and work. The 109 streamlined projects on the other hand
cover 14 % of all the actual costs and 18 % of the forecasts from the period under review

and the accuracy of these projects can be seen from figure 13.
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Figure 13. Streamlined projects cost forecasting accuracy.

The accuracy in the streamlined projects has varied very much throughout the analyzed
period. Also, the accuracy of the streamlined projects has not been on acceptable level during
the analyzed period. One of the reasons for this could be that because of their less time in

the forecasting process but even if this is true, the same amount of care should still be
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directed to these projects. The interviewees also mentioned that although small projects are
more simple, unexpected costs can cause big swings in the accuracy of the projects. One
interviewee also smaller project requires more careful upfront planning, because they do not
have much room for surprises. The forecasting errors and changes in smaller projects might
not affect the overall accuracy as much as bigger projects, but they can have a big impact on
the project. This suggests that when judging the forecast accuracy, it would be recommended

that the accuracy is judged based on the size of the project.

4.1.2 The impact of external factors on forecasting accuracy

When considering the external factors that usually affect or can affect the forecasting
accuracy, weather condition, labor shortages, and logistics difficulties and constraints come
first in mind. Especially during the mechanical window events the weather conditions can
affect the schedule, and work. One example of this is that scaffolding work could not be
started as planned in the last major turnaround, because of snowy and slippery weather
conditions. But because both costs and forecasts were high throughout the whole turnaround
event and the weather condition was not the only thing affecting the accuracy in this

situation, no direct conclusion can be made.

The labor shortages, or perhaps more precisely internal labor shortages can also affect the
forecasting accuracy. But these usually are more visible in the earlier phases of the projects,
when the monthly costs accumulate mostly from engineering hours. If the cost estimates
have been calculated using internal workforces’ hourly rates, but the work is done by a
consultant with a higher hourly rate, and this can affect the monthly forecasting accuracy,
especially in months where there is a lot of work done. But as mentioned by the interviewees
the engineering costs are often smaller and their impact on the overall forecast is not
necessarily always major. Situations like this can of course cause budget overruns in projects

and increase the number of changes in the projects.
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Logistical difficulties are probably the most influential external factor on the accuracy of the
forecasts. Especially in the cases when there are delays in the delivery and approvals of the
materials and equipment. Based on the data in the ERM system, on average the materials are
delivered 19 days earlier than forecasted and equipment are delivered 29 days later than
forecasted. Because of this it can be difficult to forecast how the materials actualize if the
delivery dates are not updated regularly according to the latest information. Another problem
with materials is that there is no certainty for when the material costs will actualize, if the
forecasted material arrival date is in the last week of the month. Related to the materials,
there can be cases when materials from a specific supplier may not be used in projects due
to ban from the company. The replacement products from the other supplier can be more

expensive and lead to changes in the projects.

When asked from the interviewees about how they deal with uncertainty for example in the
case of material arrivals and weather conditions, the common strategy seemed to be that you
need to be cautious and pessimistic. This is because delays are common and should be taken
into consideration when doing the forecasts. There were multiple ways to work this into the
forecast, like leaving a small contingency in the forecast for the uncertainties, forecasting
the costs later based on assumption, and forecasting the costs based on the worst-case
scenario timeframe. Also, in case of the materials, spreading the costs to multiple months
when there is no accurate information about how the costs will actualize will spread the risk.
When forecasting like this the project controllers reduce the risk of big surprises, especially
in the cases where there is uncertainty. These kinds of approaches make the forecasts and
cost curves more stable and predictable from month to month, but this also means that the

forecasts can’t always be 100% accurate.

4.2 Current process

When planning the interviews, it was realized that the current forecasting process had not
been illustrated even though everyone knew what the process was. Illustrating the process

through pictures would be useful, especially when orienting new employees since it makes
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it easier to understand the process as a whole. The frame of the current forecasting process
can be seen in the figure 14, which includes the information gathering for the forecasts since

it is a crucial part of accurate forecasts.
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Figure 14. Current forecasting process frame.

Even though the forecasting process is the same or very similar with all the project
controllers, every project controller has their own ways of collecting information, their own
way of making the forecasts and their own challenges. This is precisely why it is important
to have the interviews, to find out how different project controllers acquire information,

create the numerical forecasts and handle uncertainty in the forecasts.

The interviews were concluded during April and May 2025, and 50 minutes was reserved
per interview. Before moving into the interview questions, the interviewees were asked how
they follow the forecasting process seen in figure 14, as well as what are the models and
sizes of their projects. The interviews contained 12 questions, the first 3 of which dealt with

the information gathering, the next 4 dealt with the numerical forecast creation and the last
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5 were general questions related to cost forecasting. There was a total of 12 interviews which

can be seen in table 3, all of whom do the cost forecasting.

Table 3. Interviewee information

Role Interviewed on Interview length
System administrator 16.4.2025 57 minutes
Senior project controller 23.4.2025 40 minutes
Project controller 23.4.2025 34 minutes
Senior project controller 25.4.2025 27 minutes
Project controller 25.4.2025 40 minutes
Project controller 28.4.2025 37 minutes
Senior project controller 28.4.2025 24 minutes
Senior project controller 29.4.2025 35 minutes
Senior project controller 30.4.2025 25 minutes
Senior project controller 30.4.2025 20 minutes
Senior advisor 30.4.2025 1 hour 57 minutes
Senior project controller 12.5.2025 33 minutes

The interview questions were consistent for all participants and were conducted remotely in
Google Meets in Finnish and English when needed. The answers were translated into English
and summarized. Interview questions are grouped into categories and the summaries of the

answers are presented in the next chapters.

4.2.1 Information gathering

To understand what kind of information the project controllers use and where it comes from
is essential for identifying possible problems in the information flow. In addition, there can

be cases when the information is incomplete, delayed or inconsistent which can lead to
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misunderstandings or incorrect decisions. The questions that deal with the information

gathering and the summaries of the answers are below:

How do you communicate with other departments like procurement, project manager,
engineering leads in you forecasting process and how do you use this information to

your advantage?

All the project controllers get their forecast information by regularly checking in with the
project manager, usually through monthly meetings to go over costs, progress, and upcoming
expenses. They also reach out to procurement for updates on purchase orders and delivery
dates, though a few said it can be hard to get timely or accurate info from procurement.
Contact with engineering leads is less frequent, and usually only contacted when specific
technical input is needed, or there is a question about hour usage and progress. Most rely on
project managers to get information on engineering leads. Project controllers also often talk
directly to construction managers or site supervisors for site updates, especially during the

critical phases of the projects.

One interviewee described a regular process: first talking to engineering leads and site teams
about progress and extra work, then reviewing contractor work, and finally sitting down with
the project manager to finalize the forecast. Chat and video calls are common for quick or
detailed conversations. Some said that it is helpful to identify early on who the key contacts
are for different types of info so they can reach out quickly when needed. In general, a mix
of scheduled meetings and chats help project controllers to stay on top of changes and fill in

missing information.

What data sources or documentation do you use to support your forecasting?

All interviewees said that they use the enterprise systems as their starting point for

forecasting. The ERP system is their main source for actual cost data, and ERM system is
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used to check the purchase orders, committed costs and delivery dates. To make the data
easier to work with, ten out of eleven interviewees also use their own spreadsheets, where
they export the data. The spreadsheet tools are used to build pivot tables, trend lines, compare
the forecast to actuals or just to keep track of the purchase orders. In addition to system data,
they also look at project specific documents, when they have access to them. Documents like
project meeting template, contract documents, and procurement documents are used to track

the current status of the project, work and materials.

How do you incorporate project progress updates into the forecast?

Eight of the interviewees try to link their forecasts to how much progress the project has
made but tend to be careful about how much they trust progress reports. Six of the
interviewees also said that the progress reports are sometimes out of date, so instead they
prefer getting updates directly from project managers or supervisors to understand what is
really happening. When they do have reliable progress data, they use it to check if their
forecast seems realistic. Some also tie forecasts to contractor payment milestones or
percentage-completed billing, especially for larger subcontracts. Progress is seen as
important for tracking bigger costs like construction work than for engineering hours, which
are often harder to track accurately. A few project controllers look at the overall project
progress versus total spending rather than getting into the details of each individual row. One
interviewee described using the schedule to help with forecasting, by matching the expected
costs with upcoming project events, like deliveries and milestones. If needed, they also talk

directly to engineers to check how the work hours are tracking.

4.2.2 Creation of the forecasts

To get a better understanding of how project controllers do the forecasting it was important
to identify what tools and methods project controllers utilize when doing the forecasts. In

addition, it was important to find out how they deal with uncertainty and what things are the
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hardest to forecast. The questions that deal with the creation of the forecasts and the

summaries of the answers are below:

What methods or tools do you use when doing the numerical forecasts?

Nine out of the eleven interviewees said that they rely on spreadsheet tools to calculate and
adjust their forecasts. These project controllers usually have their own custom workbook,
often with monthly tabs or breakdowns, where they update actuals, purchase orders and
future forecasts. Some use visual tools like S-curves and trend lines to compare actuals
against the forecasts, to help them see if a project is running ahead or behind. Others keep it
simple, making manual updates based on their own judgement without using complex
formulas or tools. Forecasts are usually calculated by hand, even if the data comes from
different systems. Final numbers might be entered into company systems like ERM and ERP,
but the real thinking and adjustments often happen offline in personal files where the project
controllers usually create the forecasts by comparing forecasts to the past months’ actuals.
One of the project controllers even has an automated forecasting process using a spreadsheet
that works in the earlier phases of the projects and allows him to bypass the manual work in
the ERM system. Couple of the project controllers also wish that the main systems had better

tools that allow the analyzation of the forecast and costs like cost curves.

How do you deal with uncertainty in forecasting for example material arrivals or

external factors like weather conditions?

One of the most common answers was to gather information by talking to project manager,
procurement and site personnel, to minimize the uncertainty. Nine of the interviewees agree
that it is smart to spread uncertain costs over a few months instead of putting them all in one
month. If they do not know exactly when a cost will hit, especially in the case of big material
orders and contractor invoices, they split it across two or more months to avoid surprises.
Some use rough slits like 50/50, to balance the risk and some use more probability-based

splitting. This helps to prevent big forecasting errors, but also means that the forecast can’t
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go completely right. Many also take a cautious or pessimistic approach when dealing with

uncertainty.

Delays are common, like in the case of material actuals which often don’t show up in the
systems until weeks after delivery due to processing lags. Because of this, all the project
controllers usually expect those actual costs to come later than planned. To handle this, they
try to gather more information by checking with the project manager, procurement or site
staff. Some also keep a small contingency in the forecast for the especially uncertain items.
One way to forecast weather and other external risks is to forecast around the worst-case
scenarios or most-likely scenario rather than assuming that everything will go perfectly on
schedule. Project controllers often talk with procurement and project managers to make sure
everyone understands how risks and uncertainties are handled. Overall, the usual approach

is to make careful and controlled adjustments to forecast.

How often do you need to make assumptions, and in what situations?

All interviewees indicate that assumptions are regular and essential part of cost forecasting.
In fact, many noted that at the early stages of a project, when there is less information
available and plans are still taking shape, a big part of the forecast is based on assumptions.
Communication is often used together with assumptions to make more informed
assumptions. The further ahead you have to predict, the more assumptions you have to make.
Four of the interviewees also mentioned continuously making small assumptions whenever
they suspect data is inaccurate or incomplete. In these cases, they try to effectively insert
their own judgement and assumption to correct the gaps. In summary, assumptions are made
very often and are an essential part of cost forecasting, especially when people don’t have

enough information or when they have to forecast events long in the future of the project.

What are the most difficult things to forecast, and why?



70

There are several costs that pose forecasting difficulties according to the interviews, like
materials, subcontracts, additional work and engineering hours. Materials and subcontracts
are major cost items in projects, and missing these in the forecasts can significantly affect

the accuracy.

Material: Especially bulk materials and larger material deliveries were frequently
mentioned. The primary difficulty with materials is timing, because in materials the costs
might hit at once in a given month, but knowing which month is tricky due to not knowing
when the warehouse can get the goods received into the system. The goods received are done
after the material is received and the necessary checks are made. If the material arrives
directly to the construction site, then the material coordinator makes the checks and updates
the system status. Many noted that if material delivery or its recording in the systems slips

by even one month, it throws off the forecast for that period.

Subcontract: When multiple subcontracts are in play, each with its own payment terms,
predicting when the contractor will submit invoices or how much work they will bill for in
a month is highly uncertain. Two of the interviewees also pointed out that contract details
are not always accessible or straightforward, and if the construction management team is
busy it can be hard to get up-to-date information for each contract. One interviewee
emphasized the variability in contractors billing habits, because some contractors invoice

promptly while others may wait a long time after the work is done before invoicing.

Additional work: Additional work was also cited as hard to forecast. This is because even
though there might be informal hints or requirements for additional work, they often lack
official scope details or approvals. These changes often emerge with short notice and

minimal initial information, making them hard to forecast before they are formalized.

Engineering hours: Five of the interviewees mentioned that even forecasting labor hours
for the project team can be difficult. But they tend to agree that the errors in this area have a
smaller cost impact compared to the big cost items, like materials and subcontracts. These
cases usually arise from situations where there are changes in resourcing or the task takes
longer due to not having enough resources. For example, when there is a need for more
manpower to complete certain tasks in a project, and the resource used is a consultant that

has a much higher hourly rate.
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4.2.3 General considerations

Lastly, to get a general understanding of what kind of challenges the project controllers face
when preparing the forecasts and what kind of support would help them make more accurate
forecasts, some general questions about the process were asked. The questions that deal with
the general considerations about the forecasting process and the summaries or the answers

are below:

What are the biggest challenges you face when preparing and doing the monthly

forecasts?

According to the interview the project controllers face several challenges when doing the
monthly forecasts. One issue is dealing with too many systems that do not always work well
together. They often have to repeat the same work in different systems and tools, like
spreadsheets, ERP and ERM, which is slow and can lead to mistakes. One interviewee also
mentioned that the introduction of a new system provides better insight to the forecasts but
adds yet another step to the process and came with some initial technical difficulties. Another
common problem is the timing and quality of the data. Around the start of a new month,
some numbers like actual costs might not be ready yet or missing. In these cases, the project
controllers have to make guesses or adjust things by hand. Also, the data is not always
accurate, for example the purchase order dates might be wrong or not updated, so the project

controllers have to fill the gaps with their own estimates, which does not always work out.

Seven of the interviewees also address that getting input from other departments can be
tricky. One of them said that especially during critical project phases it can get even trickier.
Site staff and procurement teams are often too busy to respond quickly, or the answers do
not add any value, so the project controllers are left waiting for updates on deliveries,
progress or additional work. The lack of quick answers means that the forecasts can be based

on guesswork instead of actual information. One interviewee also pointed out that when a
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new project controller takes over the project, things can get harder if there is not proper

handover, since each person might do the forecasts differently.

From your perspective how do you think experience and intuition play a role in cost

forecasting?

All of the interviewees agreed that experience plays an important role in cost forecasting.
Over time project controllers learn how projects usually advance and how general things
work, like knowing which contractor invoicing pace, how long certain costs take to show
up, and which parts of a project often go over budget. This helps them spot problems early
and adjust forecasts before issues show up. Many also said that when they were new,
forecasting was tough because they did not yet understand how projects flow or how the
systems work. But with experience, they learned how to time things better, for example
knowing how engineering hours build up during the project. Intuition also helps them to
make smarter decisions, like noticing delays through forecasts. Through experience the
project controllers are also better at focusing their time on the more important cost items and
asking the right people the right questions. A common lesson learned with experience is to
be a bit pessimistic, as they have seen enough unexpected issues over the years to know it is

safer not to assume everything will go perfectly.

Have you seen that project size and complexity would have an effect to the forecasting

accuracy and process and if so, how?

All interviewees agree that both the size and complexity of the project affect how the
forecasting is done and the accuracy, at least in some parts. Bigger projects require more
time, coordination, and effort because there are usually more and bigger subcontracts. There
are also more people and moving parts that need to be managed. Large projects often involve
more meetings and have more support, like project control managers to help track
everything. One person put it simply: the bigger the project, the more people you have to

talk to and the more factors to think about. Still larger projects can be more forgiving,
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meaning that one mistake or delay might not have a huge impact on the overall forecast
because the budget is so big. In smaller projects though, one unexpected cost can throw off
the whole forecast. That said, small projects can also be simpler and easier to manage if the

scope is straightforward.

Complex projects, like the ones that deal with multiple production lines or include
complicated technical parts are harder to forecast. This is because there are more things that
can go off track. It takes more effort to keep everything organized and avoid mixing up costs
between different production lines. While one person said they follow the same forecasting
steps no matter the project size, most others said bigger or more complex projects need more
structure, time and communication. Overall, everyone agreed that forecasting needs to be
flexible: small, simple projects might only need a quick update, but big, complicated ones

require a more detailed and careful approach.

What do you think affects the forecasting accuracy the most?

Nine of the interviewees mentioned that the biggest factor in forecasting accuracy is having
good and reliable data, especially in the ERM system. If things like purchase order dates are
wrong the whole forecast can be off because it gives the project controller wrong information
about the material arrival. Many said that if the information is wrong and you cannot get
better information from others, it can directly lead to mistakes in the forecast. Another major
factor is how big, or unpredictable cost items are handled. A single large contract payment
or expensive material can throw off a forecast if the timing or amount is different than
expected. Four interviewees also mentioned that the forecasting process itself can affect

accuracy, because the more manual inputs there are, the more errors it allows.

What kind of support would help project controllers improve their forecasting accuracy?

The interviewees shared several ideas for improving forecast accuracy, like:
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1. Better tools and systems: Six of the interviewees want a central dashboard or
spreadsheet that shows real-time data so that they don’t have to check multiple
different platforms. They also suggest adding features like cost curve analysis and
automating more of the data entry.

2. Reliable and accessible data: Project controllers stressed the need for accurate, up-
to-date purchase order information and better visibility into procurement and
contracts, since unreliable and missing information leads to uncertainty and
assumptions.

3. Improved communication: Stronger collaboration between project controllers and
other teams, like procurement, site managers and warehouse, since regular update
and two-way communication are the key to accurate forecasts. If something changes,
project controllers need to know, and other project members should also feel
responsible for flagging cost-related issues.

4. Managing workload: Forecasting takes time and focus, and if project controllers
are overloaded with too many projects or tasks the quality suffers and they don’t have
enough time to analyze the projects. Some suggest streamlining the process and
focusing only on what really impacts accuracy meaning the bigger changes.

5. Shared responsibility: Lastly, six of the interviewees mentioned that the project
team should also acknowledge why the forecasts are made and how their updates

help.

Three of the interviewees also mentioned that it helps to review the forecasts afterwards to
see what went right or wrong. This kind of feedback could also be shared with the project

teams so that the team members could learn how close their original estimates were in reality.
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5 Development proposals

Based on the current state of the company’s forecasting processes and accuracy, different
scale development proposals were created. Some of the development proposals are related
to the information obtained from the interviews and are mainly based on the collection and
analysis of data. The other aspect of the development proposal focuses more on the technical
and mathematical aspect of the forecasts, where modern forecasting models and machine

learning could be utilized.

5.1 Goals and development targets in the process

The main goal in this work is to improve the forecasting accuracy, and this is also the basis
for the development proposals. This is also addressed and examined through analysis of the
given data and interviewees answers. Another goal is to make the forecasting process more
streamline, meaning that the data acquisition and numerical forecasting would be easier and
would not require so much manual work in different systems. Also, some of the work,
particularly the data download and upload during the forecasting process could be
automatized. With a streamlined process the forecasting would not require so much time and
the project controllers could have more time to analyze the projects, since the window for

updating the forecasts is quite short and some of the project controllers have a lot of projects.

Project controllers spend much time collecting information through chats, meetings and
informal networks. Project managers are the main source, but gaps in data from procurement
or engineering, often force the project controllers to ask from whoever might have the
answer. Because of this, it is important to improve the cross-functional reviews regarding
the forecast and encourage two-way communication and updates. Because there are gaps in
information the accuracy also depends heavily on experience and judgement. Also, in these
situations, assumptions are made, especially early in the projects and in cases where there is

not enough information. Instead of relying only on the available data, project controllers lean
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on what they have learned from past projects and adjust the forecasts based on intuition.
Also, because experience is important, and newer project controllers can struggle until they
have cycles to build up experience. Because of this it would be good to improve the
onboarding process of the new project controllers, to include best practices, information
from the progress of the projects and how different project activities and work are linked to

each other.

Because the systems are not always the clearest tool for making the forecasts, the project
controllers often build their own tools in spreadsheets to fill the gaps left by official systems.
These custom spreadsheets give flexibility for making the forecasts but can lead to errors
and rework. It would be good if there was a common template that is available to everyone,
since it could also help with the data gathering. By having all the necessary data from the
systems at the same view and file can help in getting an overall perspective from the projects
previous months. Also, if the data gathering can be automated, it would reduce the manual
labor and make it faster. This also enables better visualization and analysis of data that can

be utilized in creating the forecasts.

If the current data can be utilized, EVM figures could be utilized in forecasting the EPCM
hours, but at the moment according to some of the interviewees the progress data is
sometimes patchy and outdated. Because of this the project controllers perform their own
checks and compare actuals and committed costs. This works but can be inconsistent and
highly manual. The contractors progress reports tend to be more dependable than internal
progress reporting, which is good since subcontracts have greater impact on projects and
accuracy. Still when plausible information is scarce, many project controllers intentionally
spread costs to avoid major swings in the forecast and accuracy. Especially when there is no

information about the contractors invoicing pace.

Sharing the cost between multiple months to avoid major swings in the accuracy is also
utilized for materials. This can smooth the accuracy of the forecasts but also often means
that the forecast cannot be completely correct. Delivery delays and outdated information in

systems make them highly unreliable and larger material orders can throw off the forecast.
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When there is uncertainty or the information in the system is suspicious, the project
controller must ask the relevant persons more information or fill in the blanks, which can
raise the risk of errors. Also, in smaller projects there is less room for errors, and these
materials and subcontracts can greatly affect the forecast, unlike in the larger projects.
Although the larger project requires more time and coordination, and the costs are higher
which can reflect the overall forecast accuracy. Because of this it would be good practice to
also communicate with material coordinators and improve communication with

procurement.

Forecast accuracy depends most on having good input data and realistic plans for high
impact items and the math itself is not the issue since poor data quality, late updates and
missed changes cause most errors. Improving system integration and giving better visibility
into the high-impact costs would have the biggest impact. To make things better, the cost
engineers would want fewer systems, more automation and one central place where actuals,
forecasts, commitments and progress can be seen altogether. They also want better
collaboration, like updates from the project team, engineers and procurement. Also, regularly
reviewing the forecasting accuracy, sharing lessons learned and making sure that project
controllers have enough time to do the work properly would help to reduce errors and ease
the process. In short, improving tools, information flow, and teamwork would let project

controllers spend less time chasing data and more time making the forecast meaningful.

5.2 Development proposal

Since the cost forecasting is currently based very widely on the collected information, and
project controllers have to ask for information every month makes the cost forecasting more
time consuming. Especially when the answers do not necessarily bring any added value, and
it takes a long time to get the answers. Because of this the cross-functional collaboration and
communication should be improved, which can be done in many different ways in the

company.
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One way to improve the communication is through monthly forecasting meetings, which the
project controllers already have with the project managers. But including procurement and
construction managers to the meeting can be more efficient time-vice. Also, by having a
simple spreadsheet about the project equipment, materials and subcontracts, that includes
dates, budgets, notes and progress. This spreadsheet can be reviewed in the meeting and
updated with the latest information and could also help the project manager to keep track of
project procurements and subcontracts. Through this spreadsheet the project controllers can
review the latest information of the POs, but the usefulness of the spreadsheet depends

entirely on how well it is updated.

When forecasting the materials and equipment, it would also be good to understand the
actualization process more, meaning when the actuals will occur, who updates the goods
received, and what things affect the receiving process. When there is a clear picture about
how things are done the cost forecasting of materials will likely improve. Of course, when
there is uncertainty, splitting the costs can have a better effect on accuracy than forecasting
everything on one single month. Also, when there is uncertainty whether all the costs from
a specific activity or subcontract have been incurred, it can be helpful to include small a

buffer in the forecast to account for any unknown expenses.

For subcontracts, it would be good that the contracts would always be accessible for the
project controllers. This way the project controllers could check what work is included in
the contract and what work is additional work. Also, this way the project controllers could
know better whether the invoicing is based on milestones or progress, which could help to
keep track of how the invoice can possibly happen. Of course, as the interviewees mentioned,
the invoicing pace may vary between different contractors. Because of this it would be good
to conduct some sort of invoice pattern analysis and document the outcomes. This would be
very useful for new project controllers and could also help the more experienced project

controllers for checking the latest information.

Another important factor of accurate forecasts is the quality and accessibility of data and

having a one system that always has the right and accurate data that is used in cost forecasting
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and decision making, a so-called single source of truth. Currently the company’s BI software
is utilized heavily, but since the ERP data is the master data, it should be used in forecasting.
Of course, the ERP data is accessible in BI software but there can be differences between
the ERP and BI software numbers. One thing that came up during the interviews was the
lack of visualization in the reports. Data visualization is important for understanding and
communicating the data, because it can transform complex data to a more understandable
format. Visualization can also make it easier to identify trends and patterns compared to
looking at numbers, especially in actuals and forecasts. One example of this is the EVM data
that is now accessible in the BI software. The report includes the CPI, SPI and variances but
lacks visualization. Of course, the report is new and will most likely be developed in the
coming months. Other possible visuals could be time phased forecast breakdown that shows

how different activities contribute to the monthly forecast like seen in figure 15.

023.09 202310 2023.11 202312 202401 2024.02 2024.03 2024.04 202405 2024.06 2024.07 2024.08 202409 202410 2024.11 2024.12 202501 202502 2025.03 202504
Month

Figure 15. Forecast activity breakdown.

Historical data is also very important in forecasting and should be utilized, and this is also
one thing that is discussed in the next chapter. One important thing that has already been
taken into use and was one of the factors that lead to the initiation of this work is the forecast

accuracy reviews. Also, the ability to track the changes in the forecasting accuracy and the
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reason for the inaccuracies are helpful. The reasons for inaccuracies can lead to improved
forecasting accuracy if lessons have been learned from these. Also, through analysis the
historical data can be utilized to identify trends and to take seasonality into consideration.
For example, how working hours are accrued during different months. Also, visualizing the
historical data with the forecasts can help to create a more holistic picture about the project’s

costs.

Standardizing the forecasting process and template can bring consistency and transparency
into the forecasting. The process itself was standard but a more detailed description about
the process was not documented, which can lead to different styles of forecasting especially
when training new project controllers. Of course, the process is now summarized in one
picture, but it should maybe still explain a bit more in detail and be updated when needed.
Still these kinds of figures can be used in training, to give a more holistic picture about the

process.

There should also be a standardized forecasting template for the monthly forecasts for the
same reasons. Of course, the forecast can be made directly into the ERM system, but
according to the interviews this is not the most efficient way. Having a standardized
forecasting template can ensure that no important elements are overlooked and can also
streamline the forecasting process. When used correctly the spreadsheet template can work
better than ERM since it allows better monthly view in addition to the estimate to complete
view. For example, Excel has its own functions that can be used for linear regression and
trend analysis. These formulas can help to streamline the process, requiring only larger costs,
like materials to be updated manually. Of course, you can also calculate your own forecasting
factors in Excel using formulas based on historical data and project specific trends. Based
on these, it would be advisable to utilize standardized templates to make the forecast instead
of doing them directly to the ERM. This standardized template can also be used for
documentation about the forecast, which helps the new project controller if there are changes

in role.
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One of the interviewees has created a spreadsheet template that retrieves the actual cost data
from the BI software and PO data from ERM. In addition, with this template the forecasts
can be exported directly to the ERM and analytics system, which reduces manual work. This
kind of template could work well since it allows that all the data for the forecasts would be
in the same file. Having the data in a spreadsheet also enables real time visuals, meaning that
project controllers can see the changes they make to the forecasts instantly and there is no
need to wait for data transfers. This can be an important perspective when making the
forecasts. Having S-curves and historical forecast accuracy charts can help to make better
assumptions based on more visual data. When less manual input is needed the more

streamline and less time consuming the process becomes.

Currently there are many different systems and tools used for forecasting which include
ERM, spreadsheet tools, analytics system and ERP. This means quite a lot of tools and
systems used for forecasts and one project controller often has more than one project,
meaning that they must go through the same steps in the same systems multiple times. This
can be very time consuming, especially if the systems work slowly due to heavy user lead
or other reasons. Logically thinking the cost forecasts should be done in ERP and afterwards
export the forecasts to other systems since the ERP is the destination system and the data is

master data where the forecasts are based.

Since the analytics system is developed by the same provider as the ERP system, it would
be the next logical alternative, or even better than ERP since it can be utilized in many ways.
At the moment the analytics system is not really utilized fully in the investment project
forecasting, since it is mostly used for making small corrections to the forecasts before
sending them to ERP. In practice the forecasts could be entered directly to the analytics
system but then the forecast data is not updated into the BI system. Of course, it is important
to note that the introduction to the analytics system in the company happened in August
2024, so it is still quite a new system for the company, and because of this the amount of
historical data may still be scarce. The analytics system as a tool unifies business

intelligence, augmented and predictive analytics and enterprise planning (SAP 2025a).
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The development proposals from this chapter are summarized in table 4, where there is also
a summary about the planned benefits. Standardizing the process and tools used can help to
keep track of how different changes affect the accuracy or if they are beneficial. Also, if the
process is standard, it is easier to adapt continuous improvement when everyone is on the
same page about what is needed and how things are done at the moment. Having KPIs to
measure the performance of the forecasts should also be encouraged, because KPIs are

essential for providing insight for decision makers on how the function performs.

Table 4. Development proposals.

Development Benefits

More information from procurement and
Including procurement and construction
construction managers regarding
manager to the monthly meeting
equipment, materials and subcontracts.

Spreadsheet for POs and subcontracts, = Fact checking and getting the latest
that is reviewed monthly information on POs and subcontracts.
. . . Having a clear picture on what affects the
Clarifying the picture of material
process, so that these can be taken into
arrivals and material actuals
account in the forecasts.
Clarity on what is included in the contracts
Access to the contractor contracts
and what the invoicing is based on.
Clarity on how different contractors
Invoice pattern analysis/documentation
usually invoice.
Can enable better data analysis, and a
Visual tools more practical way to view the status of

the entire project.

More clarity and transparency on the
Standard forecasting template forecasting and can also make the
forecasting process more automatic.
Automation Streamline the forecasting process

Less systems to deal with, which
Moving to one system

streamline the process
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Ultimately, obtaining clear and reliable data and information is essential if forecasts are to
be consistently more accurate. Additionally making technical improvements such as refining
processes and updating tools can significantly enhance the reliability of the forecasts. While
the accuracy of individual project forecasts may sometimes fall short or over forecast, the
overall picture across all projects can still be accurate. However, it is important to
acknowledge that forecasting inherently involves some level of uncertainty, assumptions and

unexpected changes may occur.

5.3 Utilizing Artificial Intelligence in cost forecasting

Artificial intelligence and maybe more accurately its subset machine learning can be very
useful in project cost forecasting by making the forecasting process more automated and
improving the accuracy of the forecasts. In the context of project cost forecasting, ML
models can take into account project features, like size, duration, location, team experience,
economic factors, real-time performance and type. Although this requires that the features
can be included into the thought process, like neural networks or decision tree. By training
the ML model with historical data, like actual cost outcomes, the model learns how these
factors typically influence final costs. Using ML for projects cost forecasting can make the
forecasts more data-driven, instead of reactive and reference forecasting that is more manual

and time-consuming.

When reviewing how the analytics system that the company is using can be utilized in project
cost forecasting, predictive analytics and simulations could be helpful. The system’s
predictive forecasting utilizes historical data and considers various factors like trends, cycles
and data fluctuations. Using predictive analytics can enhance the accuracy of the forecasts
and take forecasting to a more data-driven approach, but for better results the method
requires extensive historical data. The more historical data available, the easier it is for the
system to detect patterns and trends. Another predictive analytics feature is the automated
machine learning, which allows the user to create predictive scenarios and use ML

algorithms for forecasting. This feature utilizes data to train a predictive model using
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automated machine learning. The data, variables and settings that are used can be defined by

the user and the system identifies patterns in the data. (SAP 2025b)

The analytics system also includes simulation tools, that can help forecast outcomes by
modelling the uncertainty of the key drivers. The simulations can simulate how different
cost drivers and factors like labor rates, material prices, or delays impact the overall project
costs. The simulations use Monte Carlo simulation, that generates a range of possible
outcomes based on mathematical simulations. These simulations can be an effective way to
deal with uncertainty and risk, when used correctly. Using simulations also requires that the
cost drivers are defined, suitable for the projects, and linked to the project variables, since
the simulation explores how the random inputs affect the results. Utilizing the possible
outcomes and different scenarios can help with forecasting the risks and uncertainties more
accurately, and also show the pessimistic, most likely and optimistic scenarios as seen in
figure 16. Using the simulation with time-series analysis or training the automated machine
learning model with the historical data can give a more detailed picture of how things can

go and how risks and uncertainty can be reflected in the forecasts. (SAP 2025c)

Scenario 2 ® & Target: Operating Income / USD_Amounts | Million USD

Date (2025

o4

10 Million USD

o)
+*
%

10 820000 | Million USD
to | 110000 | Million USD
1,936
10 x Million USD

10 Million USD

10 x Million USD

10 Milion USD
1] X Million USD
| | 244300 10 250000 | Million USD

[ x Milion USD
© o Pessimistic Case Realistic Case Optimistic Case

1,666 «» 1,779 1,779 » 1,936 1,936 « 2,040

to x Million USD

10 Million USD

+ 4+ + + + + + + + + o+ + NN

O

Figure 16. Monte Carlo simulation. (SAP 2025c¢)



85

The tools and features in the analytics system are more in line with the common forecasting
methods, and it could be smart to utilize these analytical tools for forecasting. There are
some requirements that are needed for the effective use of these methods. First of all, the
documents where the project data is imported and where the ML processes are used must be
created before it can be used, which requires knowledge of the system and a certain level of
expertise. Another thing is having enough reliable historical data, having the knowledge to
utilize these methods effectively and the model needs to be trained to the desired level if an
automated machine learning model is used within the analytics system. Once the model is
implemented, new data generated monthly will be automatically used to train the model
more. This model still requires that the changes will be updated, so the work of project
controllers” wont entirely disappear in cost forecasting. Project controllers will still need to
update the changes and inspect the forecasts, but these models can make most of the

numerical forecasting process more automatic.

There are also other ways that ML can be used for cost forecasting, like integrating ML
models with Excel or BI software, but because the analytics system is already used in
forecasting and the system is somewhat known, it can be the easier way of utilizing ML in
cost forecasting. Also, automated machine learning is advertised as an easy model that does
not require extensive knowledge about ML, which lowers the threshold for its use. Of course,
this still requires some knowledge from data experts, so that the data is in the right format
for the training of the model. Because the analytics system was taken into use in August
2024 and the EPR system was taken into use in early 2023, there might not be enough
historical data within the systems meaning actuals and forecasts. The historical data can also
be imported from different systems with the use of Excel. If the current situation is that there
is not enough historical data from the projects, then the model may not be utilized fully. At
the beginning, it should be found out how much historical data there is, and what amount of

data is needed for reliable results.

But even without the historical data, the simulation can be used and can be helpful especially
in situations that include risks and uncertainty and should be utilized. Because there is

uncertainty about the amount of historical data, and also if the ML model can be trained to
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a satisfactory level, there are also the minor development proposals in the previous chapter.
These proposals of these minor developments can be used to develop the current process
until the ML model is trained. Also, if the ML model is taken into use, it does not necessarily
mean that the current process should not be used. It might even be advised that both the
current process and the ML model are used simultaneously, since this can yield better
accuracy for the forecasts. Especially in the case of changes and bigger material of which
there is a certainty about the actualization, it would be good that the project controllers can

manually input these in the forecast.

To improve the accuracy of the forecasts, it is also essential to invest in data quality. Clean,
consistent and comprehensive data ensures that the insights made from the data are
meaningful and reliable. Poor data quality on the other hand can lead to flawed assumptions
and decisions. Having consistent data and utilizing the modern forecasting methods can shift
the forecasting from intuition-based to more data-driven processes. This enables the
organization to base the forecasts on real historical trends and real-time data rather than

relying on intuition and static spreadsheets.
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6 Conclusions

The purpose of this study was to investigate what the forecasting accuracy of the investment
projects is currently and what should be taken into consideration in the forecasting process
to achieve more accurate forecasts. The main goal was to develop the company’s current
forecasting process to enable more accurate cost forecasts. To achieve this goal, three main
research questions and two sub-questions were defined which were used to solve the
problem. Based on the theory and observations made during the study the next stage of the

study will answer these research questions.

What is the forecasting accuracy with the current forecasting method?

The forecasting accuracy has already shown some improvements but remains inconsistent
and usually not in the acceptable level having the average accuracy of 81 %. The forecasts
still contain considerable amounts of assumptions and uncertainty, like in the case of
materials and subcontracts. These activities remain difficult to forecast accurately due to
lack of information and unreliable data, regarding the delivery dates and GR process. While
the overall direction is positive, there continues to be noticeable variability in accuracy
across different projects and activities. In particular, project opex forecasts have generally
been less accurate than capex forecasts. Even though the opex costs are usually less

impactful than capex costs, these forecasts should still need to be improved.

The major projects have had overall pretty good accuracy but there is also some variance
between the months. This project can have an effect on the overall accuracy, but their current
contribution to the total forecast and actuals is only 5 %. Also, because the monthly actuals
and forecasts for the major projects are declining, which can indicate that some major
projects are near completion. The streamlined projects on the other hand have had poor
accuracy, and there is a lot of variances over the reviewed periods. Because they contribute
quite a lot to the overall forecasts and actuals, there should be more care when preparing the

forecasts.
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Using different calculation methods for the accuracy like weighted absolute percentage error
(WAPE) and mean percentage error (MPE) also reveal a consistent pattern of over
forecasting. Also, the MPE indicates that the forecasts were on average 67 % higher than
actual costs. These findings suggest that even though the forecasting practices are moving
in the right direction, further efforts are still needed to enhance consistency, especially in the

more complex areas like materials and subcontracts.

What practices and methods can be used to improve forecast accuracy in investment

projects?

The current cost forecasting process is heavily reliant on manually collected and distributed
information, which makes it time-consuming and often inefficient. Improving the accuracy
of investment project forecasts requires practical process improvements and effective
communication. It can also be improved with the integration of advanced forecasting
methods, including both quantitative and qualitative forecasting methods. Cross-functional
collaboration is another key factor and regular communication among project controllers,
project managers, procurement and construction managers can improve the flow of
information. This can also reduce delays and help to manage uncertainties, especially in the
case of materials and subcontracts. Having information documented and having monthly

meetings with the stakeholders can help to maintain up-to-date inputs.

Advanced forecasting methods like time-series analysis, regression analysis and earned
value management offer a more data-driven approach compared to traditional manual
forecasting. However, the most potential lies in the use of machine learning methods, since
they can help to automate the forecasting process and produce more accurate forecasts. By
identifying complex patterns in historical data, they enable more automated accurate
forecasts that are based on actual data. But the effectiveness of these advanced methods and
tools depends on the availability of reliable data, sufficient historical data, and the

organizations capability to use them. The ML methods also require time, expertise and
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money to train them so that it can forecast on an acceptable level. Qualitative methods such
as expert judgement and scenario planning remain relevant, particularly in unique or early-
stage projects, when there is less historical data. Combining the experience-based forecasting
methods with the quantitative and automated models can create a balanced and flexible

forecasting process.

By standardizing the forecasting templates and processes, the organization can enhance
consistency across the projects and reduce variability in the forecasting practices. This can
simplify the onboarding and training of new personnel and also improve the transparency of
the forecasts. Standardized template ensures that all relevant cost elements are considered,
minimizing the risk of ignoring important inputs. It can also support a more efficient
forecasting workflow, with fewer manual inputs needed. Ultimately by moving towards a
standardized, data-driven forecasting approach that is supported by modern tools and reliable
data can enhance the accuracy. This will also reduce the manual effort needed for the
monthly forecasting. Also, by having visual tools the project controllers can analyse the

projects better, which can lead to more accurate and reliable forecasts.

What factors affect the accuracy the most in the cost forecasts?

Based on the interviews, materials and subcontracts tend to have the most significant impact
on forecast accuracy. This is particularly evident now that the whole material and equipment
actual costs are recorded in the project after goods receipt (GR). As a result, large expenses
can be posted to a project in a single month, which can make it challenging to predict the
costs accurately. Especially when the arrival dates for material and equipment are uncertain
or incorrect and when better information cannot be obtained from relevant stakeholders. The
lack of precise, up-to-date delivery information regarding the material and equipment arrival
dates increases the difficulty of forecasting, often leading to over and under forecasting the

costs, depending on the assumptions made by the project controller.
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Subcontracting costs present a similar challenge, where forecasting these costs can be
difficult due to inconsistent invoicing patterns between the contractors. Some subcontractors
may delay invoicing, especially for smaller work, where the invoice amounts are relatively
minor or when there is more work coming later in the project. This brings additional
uncertainty into the forecasting process and can make it hard to forecast subcontracting costs
accurately. The use of multiple systems to track project data add complexity and
fragmentation, which can make it harder to maintain consistent and up-to-date information
on the projects. A single expensive material delivery or contractor payment can significantly
disrupt the forecast’s accuracy if the timing or amount differs from the assumptions and

expectations.

Moreover, the forecasting process itself can affect the accuracy, because the more manual
effort and manual input is required, the greater potential there is for human error. Therefore,
streamlining the forecasting workflows and reducing reliance on manual input are essential
for enhancing the forecasts accuracy and reliability. Also, to improve the accuracy of the
forecasts, it is essential to ensure a timely and accurate date, with emphasis on the correctness
of material and equipment delivery dates and data. A more automated and data-driven
forecasting approach can potentially help to reduce variability and enhance the confidence

on the reported numbers.

What impact does project size have on cost forecasting?

Both the size and the complexity seem to have a significant impact on the forecasting
approach and its overall accuracy. Larger projects often require more time, increased
coordination and effort due to higher number of stakeholders, subcontracts and moving parts
involved. Due to this complexity, they often benefit from a more structured support system,
such as involvement of project control managers. Additionally, project controllers usually
include more people from the project to the monthly forecasting meetings, which helps when
gathering input from the project team. Although the complexity of the large projects makes
forecasting more demanding, the larger budgets can absorb smaller inaccuracies without

greatly affecting the overall outcome. However, errors in forecasting large individual cost
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items, like materials and equipment can significantly impact the project’s overall accuracy.

This makes a careful, and proactive forecasting approach essential for the larger projects.

On the other hand, smaller projects are generally quicker and simpler to forecast, particularly
when they have well defined and straightforward scopes. Despite this, the smaller projects
are more vulnerable to the impact of single forecasting errors, where an unexpected cost or
delay can affect their financial performance. Also, smaller projects often lack the same level
of formal support and structure as larger projects, which can make consistent forecasting
more difficult. Although the forecasting process remains mostly the same across projects of
varying sizes, larger and more complex projects demand more attention, communication and
coordination. Therefore, the forecast accuracy should ideally be assessed in relation to the
project’s size and complexity, since both large and small projects come with their own

distinct challenges and risks.

How can risks and uncertainty be taken into account in project cost forecasts?

To manage uncertainty and minimize forecasting risks, the project controllers commonly use
a cautious and structured approach. One widely used method is to spread uncertain costs
over multiple months rather than assigning them to a single period. This is particularly
helpful when dealing with large material orders or subcontractor invoices, where the exact
timing or month is unclear. Techniques like splitting the costs 50/50 across months or using
probability bases forecasting for these helps to reduce the likelihood of major forecasting
errors, even though this approach may prevent forecasts from being perfectly accurate.
Additionally, many project controllers apply a pessimistic or worst-case scenario mindset,

especially when forecasting external risks like delivery delays or weather-related impacts.

Understanding how the GR process works and what factors influence it can be seen as key
to improving the material forecasting in addition to having accurate data about the delivery
dates. Since actuals are often delayed due to processing lags, project controllers tend to

assume these costs will be realized later than initially planned. To manage uncertainty,
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project controllers often ask from project managers, procurement teams and site personnel
to gather up-to-date and more accurate information. Small contingencies are also often
included in the forecasts for items with high uncertainty. Currently the common approach is
to forecast pessimistically and modestly, while making thoughtful and controlled
adjustments based on available data. From the theoretical viewpoint Monte Carlo simulation
or scenario planning could enhance the forecasting of risks and uncertainties. These methods
allow the project controllers to model a range of possible outcomes by simulating numerous
scenarios. These methods could offer more data-driven ways to forecast risks and

uncertainties, while improving risk awareness.

The development proposals in this study are tailored to the target company but when viewed
from a broader perspective, they can also be utilized in other companies, industries and
project types. The development proposals focus on streamlining the process, utilizing ML in
forecasting and improving the information flow and accuracy. Streamlining the process
reduces the human error in the forecasting and can reduce the time required for the process.
In addition, having a standard forecasting template can bring more clarity on and
transparency on the forecasting. Building and testing the template can require a lot of work
so that the template meets the necessary requirements. Utilizing ML in cost forecasting has
been studied widely and seen to improve the forecasting accuracy as well as making the
process more automated. The development proposal focusing on the ML focuses on the ML
model that can be used in the company’s analytics software. This is because the ML model
in the analytics software can be harnessed easily since the software itself is already part of

the forecasting process.

Accurate information and documentation can enable more accurate forecasts, especially in
the current forecasting process and are also key elements of a successful project. More
accurate and timely information sharing can be achieved by having monthly meetings with
the key project personnel before the creation of the forecasts. In addition, having more
documentation where the project controllers can fact check the information can improve the
accuracy. Especially in the case of major costs, like subcontracts and materials, having clear

information about the payment amounts and when they occur can lead to accurate forecasts.
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Since the forecasting is largely based on numbers, having figures that allow better
analyzation of the current state and costs can also help the project controllers to make more
deliberate changes to the forecasts. Figures like EVM and S-curve have been widely used in

the cost forecasting context.

Follow-up measures could focus on improving the cost forecasting by integrating more
advanced visual tools and forecasting templates. This could enhance clarity and support
better decision making by making the process more streamline. A key area of exploration is
the use of machine learning in the analytics system, which can potentially improve the
accuracy of the forecasts and also streamline the forecasting process. Of course, this also
requires that the template is built in the analytics system which requires expertise, time and
money. Still, this may be the easier option to make use of ML, since it is in a system that is
already a part of the forecasting process and does not require additional purchases. Also, so
that the model can be utilized fully, the amount and quality of the historical data is assessed

so that the model can be trained so that the forecasting accuracy is at the desired level.

Future research could be conducted to study how the forecasting accuracy evolves after
introducing ML to the forecasting process. Also, the implementation process and the model
training themselves can also be studied to clarify what cost drivers are the most important
and how different project features can be introduced to the model’s calculations. Lastly the
creation of the forecasting template could be a topic for more constructive research. The
forecasting template could utilize the more advanced forecasting methods, and the creation

of this can require more a specific approach.
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7 Summary

The purpose of this study was to find out ways to develop the investment projects forecasting
process to produce more accurate forecasts and make the process more streamline.
Investment projects like other projects have clear organization, planning and monitoring,
and include the same key objectives, like that they should be completed on time, within
budget and to required quality. The things that distinguish investment projects from other
projects is that they include assets and return of investment is a big part of the project
progress. A commonly used project delivery method in oil and gas investment projects is the
EPCM, which allows for flexibility and client involvement while relying on the EPCM
contractor to manage design, procurement and construction activities. Investment projects
often follow development processes like FEL, where the project is developed and defined in
the earlier stages of the projects. This process divides the project to phases that are often
separated by gates that assess the project readiness and investment maturity before moving

to the next phase.

To manage and control the project and risk better the WBS can help to break down the
project scope and work into more manageable parts. Having well-structured and defined
WBS can make it easier to plan and monitor the project and also enables more efficient
resource allocation. Effective project execution also relies heavily on accurate information
and clear organization, since the information should be timely and consistent across all the
project’s functions. Delays and inaccuracies in the information can lead to
misunderstandings that can have a negative impact on the project’s execution. Having the
right information is also crucial for the accuracy of the cost estimates and budget, because
these are often built from the information from the project team. Cost estimate and budget
serve as the baseline for forecasting and evaluating the financial performance and should be

based on reliable data and updated as the project evolves.

Another important element of the projects that affect the forecasts is the schedule, that should

be detailed and realistic. A well-defined schedule is not only important for the accuracy of
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the budget and forecasts, but also important for the execution of the project, since it acts as
a roadmap for the project team. Schedule defines the sequence of tasks that must be
accomplished to achieve the project’s objectives. Schedule also acts as the baseline against
which the progress of the project is measured. Tools like EVM use the project’s cost and
schedule data, to give insight into the project performance and also for the forecasts. EVM
helps to detect deviation early, and when used correctly enable timely corrective actions.
Because there can be changes to the project scope, costs and schedule, proactive change
management is crucial. When changes happen, they must be evaluated, approved and
integrated to the project and change control helps to do this in a structured way to avoid
disruption. This is also the case for risks that can affect the project, which should be
identified, assessed and managed proactively, to reduce surprises and to improve the

likelihood of project success.

Cost forecasting is an important part of the investment project management, because it
provides a view of the expected costs and enables more informed decisions throughout the
project life cycle. To ensure the reliability of the forecasts it is important to measure the
accuracy of the forecasts by comparing them against the actual costs. The accuracy itself can
be measured in many different ways, each of which has its own pros and cons. Monitoring
the accuracy can reveal deviations and patterns in over- and underestimation, which can offer
better insight that can be used to improve the future forecasts. The impact of the forecasting
accuracy can have direct influence on the projects resource planning, risk mitigation and
stakeholder confidence. Inaccurate forecasts can lead to budget overruns and delayed

decisions, which can affect the project’s outcomes.

There are many ways that are commonly used for making project cost forecasts. Methods
like regression models, time-series techniques, EVM and predictive analytics are commonly
used for forecasting costs. Also, organizations increasingly explore the use of machine
learning to enhance forecasting accuracy by identifying patterns in large historical datasets.
Despite the availability of tools and techniques, cost forecasting has its own challenges both
internal and external. Complex project scope can make it difficult to forecast costs due to

technical and systematic requirements. Scope changes and creeps can also lead to unplanned
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expenses and delays, which is why precise and timely information is important for accurate
forecasting. External factors like supply chain disruption, economic instability and market

volatility can introduce uncertainty and also cause fluctuation to the original estimates.

The company has been going through ERP migration, which has affected the forecasting
process and led to that the forecasting accuracy is examined in more detail. This has also
affected the forecasting process by bringing new steps and systems into the process. The
process itself is currently not very data-driven and is more information based, in all three
project types, streamline, standard, and major projects. There have already been some
changes in the process that have had a positive impact on the forecasting accuracy in the
reviewed period. Like getting rid of the payment plan data in the forecasts which gives more
freedom to the project controllers in forecasting materials and subcontracting costs. Another
change is the introduction of an analytics system to the forecasting process, which brings an
extra step to the technical forecasting process but makes it easier to edit the forecast before

importing it to ERP.

For understanding the forecasting process more, interviews were conducted. The purpose
was to clarify how project controllers gather information, how they create the forecasts, and
how they handle problems in forecasting in general. The interviews gave valuable
information about the current process and what are the common problems within the current
forecasting process. The current process including the information gathering and the creation
of the numerical forecasts is very time consuming, and the project controller usually has to
fact check system data from the project manager, procurement or construction manager. If
the information is not gotten in time, it leads to uncertainty and assumptions in the forecast.
The numerical forecasting is also manual work, and the project controllers create their own
spreadsheets for the numerical forecasts instead of doing them directly to the ERM system.
The forecasts are often based on assumptions and done with experience instead of utilizing
the common forecasting methods found in the literature. Based on the interviews the
materials and subcontracts tend to cause the most problems because of the material GR and

contractor invoicing.
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The changes that have been already made have improved the accuracy of the forecasts. Still
the accuracy may fluctuate a lot and there is no clear stability in the accuracy of the forecasts,
which can be seen in both Capex and Opex projects. Especially larger material and
subcontract forecasts, and costs can throw the accuracy one way or the other. The material
and subcontracting activities are also the most challenging activities to forecast even after
the payment plan data removal from the forecasts. This is also seen in the size and
complexity of the projects, where major projects are seen as large and more complicated
projects and streamlined projects are small and not very complex. Larger projects tend to
have a bigger impact on the overall accuracy if errors happen, especially in cases of large
material and subcontracts. In small projects the errors and changes do not necessarily affect

the overall accuracy but can be seen as major errors in the project’s forecasts.

The current cost forecasting process is time-consuming and manual due to fragmented
information, and because the project controllers have to use multiple systems. To improve
this, better cross-functional collaboration is needed, especially from procurement for the
purchase order data. Also, regarding the materials, understanding the actualization and GL
process is essential for making more accurate and reliable forecasts. With subcontracts
having access to the contracts and documenting the contractor invoicing patterns can help to
improve the forecasting accuracy. Standardizing the forecasting process and template can
ensure consistency and transparency in the forecasts, and utilizing automation the process
can be made less manual and time-consuming. Also taking full use of the analytics system
and its tools can enhance the forecasting accuracy and make the process more automated.
The systems tools offer modern and commonly used forecasting methods that are discussed
in the theoretical part. Especially ML can make the forecasts more accurate, when used

correctly and enough historical data is available
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Appendix 1: Interview structure

Starting question:

What type of projects do you have and how many?

Information gathering:

1. How do you communicate with other departments like procurement, project
manager, engineering leads in you forecasting process and how do you use this
information to your advantage?

2. What data sources or documentation do you use to support your forecasting?

3. How do you incorporate project progress updates into the forecast?

Creation of the forecasts:

4. What methods or tools do you use when doing the numerical forecasts?

5. How do you deal with uncertainty in forecasting for example material arrivals or
external factors like weather conditions?

6. How often do you need to make assumptions, and in what situations?

7. What are the most difficult things to forecast, and why?

General:

8. What are the biggest challenges you face when preparing and doing the monthly
forecasts?

9. From your perspective how do you think experience and intuition play a role in cost
forecasting?

10. Have you seen that project size and complexity would have an effect to the
forecasting accuracy and process and if so, how?

11. What do you think affects the forecasting accuracy the most?

12. What kind of support would help project controllers improve their forecasting

accuracy?



