
1. Introduction

In the field of engineering, there has been signifi-
cant development of methods, tools, and techniques 
that are successfully used to solve various optimiza-
tion problems [1]. Modern production demands, 
above all, shorter lead times and production cycles, 
reduced inventories, greater adaptability to customer 
requirements, lower costs, increased efficiency, high 
profitability, increased market share, and defect-free 
quality products [2]. These topics are discussed daily 
in academic circles across various fields (engineering, 

management, economics, law) and within the econo-
my across different industries [3]. Intense competi-
tion in the markets requires providers to meet cus-
tomer requirements at a high level and, crucially, to 
outperform competing providers [4].

The aim of the research is to analyze and optimize 
a planned investment project in the field of electricity 
and heat production. The main focus will be on the 
structure of the necessary activities, time and costs, 
procurement of materials, and the scheduling of ac-
tivities. The research objectives address areas where 
professional literature does not provide clear answers 
for industrial practice, as each project presents specif-
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ic requirements, feasibility conditions, and a compre-
hensive implementation framework, which forms the 
basis for creating rational organizational solutions.

Lean manufacturing means that a company uses 
less labor, less space, less investment, less time, and 
fewer resources for process activities [4], [5]. There-
fore, this article will compare different variants of 
implementing an investment project in terms of sav-
ings in materials, labor, and faster implementation 
(reduced waiting time).

To optimize the investment project for the con-
struction of a micro-cogeneration plant (50 kW) 
generating electricity from natural gas, an extended 
value stream model will be used, which includes a 
Cost-Time Profile (CTP) and determination of the 
necessary Cost-Time Investment (CTI). An analysis 
of the required activities, planning of implementation 
costs, value stream analysis, and optimization of the 
cost-time investment will be carried out based on the 
developed variants of the project's cost-time profile, 
with the aim of achieving "leanness" in project imple-
mentation.

The remainder of the paper is organized as fol-
lows. Section 2 provides literature review. Section 
3 introduces the applied heat and electricity cogen-
eration project with the initial and optimized states. 
Section 4 summarizes the research conclusions, em-
phasizes novelty, analyses challenges, and discusses 
future research directions.

2. Literature review

2.1 Cost-time profile

Accounting addresses costs without considering 
their relationship to time, whereas the value stream 
presentation places the greatest emphasis on the flow 
of time and does not include information on how 
costs were incurred or how the accumulation of costs 
over time affects the operations and parameters of 
the production system [6].

One possible solution to the previously men-
tioned shortcomings of existing approaches is the 
cost-time profile. This concept was first introduced 
by Fooks [1] at Westinghouse Electric Corporation. 
The developed technique answered the question of 
how to measure system progress or how to make ap-
propriate decisions regarding process improvement 
measures. Fooks defined the cost-time profile as a 
diagram showing the accumulation of costs over time 
throughout the entire business cycle (from negoti-
ating with the customer and receiving the order to 

delivering the product and receiving payment). It is 
therefore a money-oriented diagram, as investment 
must be understood as a dynamic rather than a static 
category. Money represents value, and this value is 
linked to time dynamics.

The cost-time profile is based on the idea that ev-
ery business activity can be seen as an accumulation 
of costs over time. This tool is fully compatible with 
value stream mapping and provides a more compre-
hensive view of processes, as it enables monitoring 
the relationship between time and money [2].

The cost-time profile is a graphical representa-
tion of the accumulation of direct costs, tracking the 
movement of a product through the process and 
showing how much money is spent on production 
and how much time will elapse until the money is 
returned through the sale of the product [3]. The 
cost-time profile deserves full attention, as it reveals 
opportunities for improvement and assists in select-
ing measures to achieve improvement. It also allows 
the quantification of savings after implementing mea-
sures to improve operations. 

To draw a cost-time profile (an illustrative exam-
ple is shown in Figure 1), data on processes, costs, 
and activities are required, regardless of the type or 
complexity of the production process: 1) material 
(including for services and information provision), 2) 
labor (workforce), 3) waiting [1], [3].

The component relating to the workforce can also 
be referred to as an activity, as it concerns the perfor-
mance of an activity.

Material costs are shown on the diagram with a 
vertical line, as they are incurred immediately at the 
start of an activity. The material may enter the pro-
cess at the outset, or a Just-In-Time materials pro-
curement system may be used, where the material 
enters precisely when required for a specific activity.

Since only identified direct costs are considered 
when creating a cost-time profile, waiting is shown 
as a horizontal line in this context, although it does 
affect indirect costs to some extent. However, this 
line is not perfectly horizontal, as it has a slight slope 
because waiting always incurs certain costs, such as 
cost of tied-up assets, inventory costs, and similar 
expenses [4]. Waiting definitely affects the cost-time 
investment, as it increases the time needed to recover 
the investment and also extends the time to deliver 
the product to the market.

Activities are represented on the diagram by an 
inclined line. This essentially reflects the work per-
formed, shown as the amount of money per unit of 
time added to the total investment over time. For 
each activity, data must be collected on the start and 
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end of execution (duration), the labor costs associ-
ated with the activity, the costs of working resources, 
and other direct costs incurred by the activity. With 
the collected data, we can see when each component 
is performed and how much it costs. By combining 
these two sets of data, we can determine the cost of 
each time unit in the process [2]. The area under the 
accumulated cost curve also represents the invento-
ries in the system, including inventories of materials, 
work in progress, and finished goods.

Total costs represent the sum of all direct costs; 
in the diagram, this is the highest point on the right. 
However, total costs alone do not provide informa-
tion about the impact of time on investment. The 
cost-time profile adds the time dimension to cost ac-
cumulation, while the cost-time investment, or the 
area under the curve, measures the resources invest-
ed in the process of creating a product and its value 
[2]. Only the cost-time investment shows the relation-
ship between time and costs, and the aim is to reduce 
this area under the curve by any economical means. 
A decrease in the height of the area indicates lower 
direct costs, while a decrease in its length indicates a 
shorter production cycle, leading to higher quality of 
service for the customer.

The total cost doesn’t reflect the effect of time 
on the investment. Cost-time investment consists of 
cost and time dimensions; it is closely related to the 
Theory of Constraints. Its cost value can be obtained 
by multiplying it by the appropriate interest rate. The 
direct cost is obtained as follows [5]:

Direct cost = Total cost + (Cost-Time Investment × 
Cost-of-money Rate)	                                        (1)

The most important goal of value stream opti-
mization is therefore to find the best way to reduce 

the area under the curve. The cost-time profile is 
extremely useful because it links financial analysis 
with competitive analysis and expands opportunities 
for improvement. It helps us to better understand 
the processes from a value perspective. It provides 
more accurate estimates of the costs associated with 
the processes and enables improved idea generation 
and evaluation.

2.2 Brief overview of recent publications

Rivera and Chen [3] laid the foundations of the 
cost-time profile as a tool that tracks the accumulation 
of cost in the manufacturing of a product over time, 
and the cost-time investment, which indicates the use 
of resources in manufacturing through quantities and 
timing. Gracanin et al. [4] introduced a framework 
for value stream optimization by combining value 
stream costing and the cost-time profile, which is also 
a powerful tool for visualizing cost accumulation over 
time across the entire production flow.

Hybrid modelling to optimize the number of 
workers with minimal asynchronous waiting time and 
activity costs, based on waste management collabo-
ration processes, was presented by Sungkono et al. 
[6]. Ojstersek and Buchmeister [7] presented the im-
pact of manufacturing flexibility on cost-time invest-
ment as a function of sustainable production. A new 
method for evaluating optimization parameters with 
respect to the impacts of manufacturing flexibility on 
cost-time investment is provided.

Keykavoussi and Ebrahimi [8] emphasized the 
effective use of value stream mapping, and for each 
future state map, the new fuzzy approach to the cost-
time profile has been considered and compared. 
Khakpour et al. [9] examined the effect of the time 

Figure 1. Cost-time profile description [1].
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value of money on sustainability by using the cost-
time profile as a sustainability criterion. This broader 
perspective on sustainability criteria enables practi-
tioners to assess and enhance sustainability in their 
operations more holistically.

Seyedhosseini and Ebrahimi-Taleghani [10] in-
corporated the cost-time profile into the future state 
map selection process and analyzed cost-time invest-
ment in relation to total production lead time and 
the direct cost of the product. Ojstersek et al. [11] in-
vestigated the interactivity between mathematical and 
simulation models for production system scheduling. 
The interactive method presented can be applied in 
various production and service companies to ensure 
an optimized and sustainable cost-time profile.

Marc et al. [12] developed a decision-making 
model to analyze the average cost of the product and 
highlighted the importance of the cost-time profile. 
This model allows simulation of optimal actions in 
response to changing market conditions. Gracanin 
et al. [13] simulated the impact of different sched-
ules on total production cost and cost-time invest-
ment (representing the time value of money), which 
they propose as a new scheduling objective function. 
Kremljak et al. [14] simulated cases with varied exe-
cution periods of non-critical project activities within 
the slack and measured cost-time investment. The 
results indicate that the differences are significant, of-
fering potential for project optimization.

Rieger and Sebastián [15] developed the PECO-
TA method, a graphical approach for analyzing the 
value stream map and the cost-time profile. It enables 
initial analysis and evaluation of changes in a manu-
facturing process. It can be concluded that relatively 
few articles address the use of cost-time profiles.

From all of the above, it is clear that there is a 
research gap regarding the use of the cost-time pro-
file in larger investment projects and in the selection, 
evaluation and inclusion of appropriate optimization 
measures.

3. Heat and electricity cogeneration 
project

The main objective of the project was to install a 
50 kW micro-cogeneration plant using natural gas for 
the purpose of heating an industrial facility, includ-
ing the construction of the plant and connection to 
the network (to the distribution electricity network, 
to the natural gas network and to the facility's hot wa-
ter network). With cogeneration using natural gas, we 

can save up to 40 % on primary energy consumption, 
and at the same time we can reduce the costs of en-
ergy supply. The project has been implemented at 
ECOS CENTER d.o.o., Murska Sobota. The proj-
ect's sources of financing were company’s own funds 
and government support (incentive) was in the form 
of a feed in tariff for electricity in the amount of 0.24 
€/kWh for a period of 10 years. Some basic data:

•	 micro-cogeneration unit with installed electric 
power of 50 kW,

•	 electricity production: 200 MWh/year,
•	 natural gas consumption: 57,143 Nm3/year,
•	 operation hours: 4,000 h/year.

The list of necessary, appropriately grouped proj-
ect activities for the construction of a cogeneration 
device is provided in Table 1. Basic data on project 
activities, including their duration, interdependence 
or sequence, costs of materials, labor, external ser-
vices, and costs arising from legal obligations, are 
presented in Table 2. All time data refer to the stan-
dard calendar (1 week equals 7 days), not just work-
ing days.

Analysis using a network diagram indicates that 
the expected duration of the project is 177 days (ap-
proximately 25 weeks, or just under half a year). 
Critical path: 

A – B – C – D – E – G – H (I) – J – K.

3.1 Cost-Time Profiler software

Cost-Time Profiler is dedicated software devel-
oped to facilitate data collection, perform calcula-
tions, and plot cost-time profiles [3]. The software 
was developed at the University of Virginia (USA) – 
Virginia Tech, in the Center for High Performance 
Manufacturing.

The cost data entry fields are tailored to the re-
quirements of value stream-based cost accounting, 
meaning that only direct costs are considered. First, 
we define the project name, add a short description, 
then we enter the number of working days per year 
and the time unit for all time-related entries. In the 
settings, we define the appearance of the cost-time 
profile diagrams. Next, we enter data about the com-
pany (the investor), data about the contractors of in-
dividual activities and their labor costs, data about the 
equipment, its purchase value, maintenance costs and 
life cycle, with the aim of calculating all direct costs 
related to the equipment. Finally, we enter data about 
the activities, the start and finish times of operations, 
the cost of the material for a specific activity, the 
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equipment used and the contractors. We also specify 
the predecessor for each activity. After entering the 
necessary data, the software generates a cost-time pro-
file and calculates the total project costs and cost-time 
investment. The software also calculates the costs for 
each activity separately and displays the occupancy of 
contractors and equipment for the project.

3.2 Project cost-time profile (baseline 
calculation)

Additional project information, simplifications, 
limitations, constraints or assumptions are as follows:

•	 The number of working days per year is 255.
•	 The time unit used is the day.

•	 The project is guaranteed to start at the sched-
uled time.

•	 The project plan is not changed during imple-
mentation; the case study is deterministic.

•	 The annual cost of capital rate is 10 %.
•	 The profit and overhead rate are set at 0 %, as 

this is not the subject of the research.
•	 Necessary materials are purchased according 

to the JIT principle (at the start of the activities 
that require them).

•	 The labor costs of the group of contractors by 
activity (in € per day) are: A: 100, C: 200, D: 
143, E: 511, F: 286, G: 143, I: 250, J: 2,500

•	 The potential use of new technology does not 
cause any project delays (e.g. due to lack of 

Activity code Activity

A Conceptual design

B Obtaining project conditions and obtaining consent for connection to the grid

C Project for the implementation of works

D Tender documentation and contractor selection

E Construction of a cogeneration facility

F
Signing the network connection contract
Construction of electrical connection
Signing an electricity sales contract

G Project of the executed works and operating instructions

H Signing a network access contract

I Review of compliance with connection conditions

J Technical inspection
Connecting the cogeneration device

K

Obtaining a declaration for a cogeneration facility
Obtaining a decision on granting support
Signing of the support contract
Operation in the support scheme (= project objective achieved)

Table 1. List of project activities.

Activity code Duration (days) Immediate predecessors Costs

A 30 / Labor: 3,000 €

B 30 A /

C 10 B Labor: 2,000 €

D 7 C Labor: 1,000 €

E 45 D Material: 50,000 €. Labor: 23,000 €

F 7 B Service: 2,000 €

G 7 E, F Service: 1,000 €

H 2 G /

I 2 G Labor: 500 €

J 1 H, I Service: 2,500 €

K 45 J /

Table 2. Basic data on cogeneration project activities.
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knowledge, training needs, etc.). Workers’ mo-
tivation and quality of work remain the same.

•	 For better transparency in graphic presenta-
tions, all costs are given with a ratio of 100, i.e. 
they are entered in 100 € units (e.g. for 2,500 € 
we enter 25, etc.); on the plots of the cost-time 
profile, days are always on the x-axis and costs 
in 100 € units are on the y-axis.

•	 All activities are completed exactly by the 
planned deadline, and the quality of imple-
mentation is always adequate. There are no ad-
ditional costs for overtime work.

•	 Activity F is not critical; in the basic variant, it 
is carried out as soon as possible, and in the 
optimized variants, as late as possible.

•	 All necessary resources (contractors, financial 
resources, equipment, data, etc.) are available 
during the specified period, regardless of busi-
ness opportunities or other conditions.

By selecting the "Project / Perform Calculations" 
command, the software calculates the cost-time profile 
and displays it graphically (CTP diagram, Figure 2).

The results show that the total project costs are 
84,999 €, and the direct costs, which include the 
interest rate on the invested funds, are 85,374 €. 
The cost-time investment is 8,029,244 €×days. This 

means that over the 177-day project period, an aver-
age of 45,363 € is invested (tied up).

3.3 Project cost-time profiles (optimized 
states)

For optimization, we consider five variants, each 
offering a specific opportunity to optimize the imple-
mentation of the cogeneration of heat and electricity 
project:

•	 faster completion of certain activities at the 
same cost (a),

•	 cheaper completion of certain activities with 
the same duration (b),

•	 implementation of non-critical activity F at the 
latest possible deadline (c),

•	 use of cheaper materials for the project (d),
•	 a combination of all four previous optimization 

options (e).

(a) After assessing possible time savings in activity 
duration (with unchanged implementation costs), we 
calculate the cost-time profile with the following data:

•	 activity A is completed in 15 days (previously 
30 days),

•	 activity B is completed in 15 days (previously 
30 days),

Figure 2. Project cost-time profile for the baseline. Authors own work
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•	 activity C is completed in 5 days (previously 10 
days),

•	 activity E is completed in 30 days (previously 
45 days),

•	 activity K is completed in 30 days (previously 
45 days).

Such reductions can be achieved primarily by 
engaging a larger number of workers (with the same 
motivation). This is the most optimistic implementa-
tion in terms of time. The total expected duration of 
the project is now only 112 days (16 weeks or less 
than 4 months). Thus, we achieve a reduction in to-
tal time of 65 days, corresponding to the amount by 
which we have shortened the duration of the selected 
critical activities (Figure 3). The critical path remains 
unchanged. The cost-time investment is 5,615,074 
€×days, representing a 30 % reduction. During the 
112-day project duration, we have an average of 
50,135 € invested (tied up).

(b) After assessing possible cost savings achieved 
through negotiations with contractors or through 
work rationalization (with the implementation dura-
tion and quality of work remaining unchanged), we 
calculate the cost-time profile with the following data:

•	 labor costs for activity A are 2,400 € (previously 
3,000 €).

•	 labor costs for activity E are 21,000 € (previ-
ously 23,000 €).

The results show that the total project costs are 
82,419 € (a 3 % reduction compared to the baseline), 
and the direct costs are 82,782 € (Figure 4). The 
cost-time investment is 7,777,304 €×days, which also 
represents only a 3 % reduction. During the 177-day 
project duration, we have an average of 43,940 € in-
vested (tied up).

A comparison of the first two optimization mea-
sures shows that it is much more important to imple-
ment the project as quickly as possible (without spe-
cial cost-cutting) than to invest additional effort and 
time in finding cheaper contractors, with the associ-
ated risk of poorer quality work.

(c) Activity F is not critical and is performed at the 
latest possible deadline (activity duration and imple-
mentation costs remain the same as in the baseline). 
Activity F starts on day 116, i.e., 55 days later.

The cost-time investment is 7,919,134 €×days, 
which represents only a minimal 1 % reduction (Fig-
ure 5). Over the 177-day project period, the average 
amount invested (tied up) is 44,741 €.

In this case as well, it is evident that time optimiza-
tion of activities with a minimal share in project costs 
(activity F accounts for around 2 % of total costs) does 
not yield significant savings.

Figure 3. Project cost-time profile for the reduced activity durations option. Authors own work
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(d) The project has the option of purchasing 
cheaper equipment; instead of proven Western tech-
nology, a cogeneration device can be bought, for ex-
ample, from a Chinese provider (the project assumes 

unchanged implementation duration and equal labor 
and service costs). In the initial variant, materials ac-
count for 59 % of total costs, while in the optimized 
variant, they account for 46 %.

Figure 4. Project cost-time profile for the reduced labor costs option. Authors own work

Figure 5. Project cost-time profile for the latest possible performance of activity F option. Authors own work
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When calculating the cost-time profile, the lower 
material price of 30,000 € (previously 50,000 €) is 
considered (Figure 6).

The results show that total project costs are 
64,999 € (a 24 % reduction compared to the base-
line), and direct costs are 65,281 €. The cost savings 
are solely due to the purchase of a cogeneration de-
vice that is 20,000 € cheaper. The cost-time invest-
ment is 6,029,244 €×days, representing a reduction 
of around 25 %. During the 177-day project duration, 
the average amount invested (tied up) is 34,064 €.

When purchasing cheaper equipment, we must 
recognize that this will result in lower costs and reduced 
financial requirements during project implementation, 
and lower project reliability. However, over the entire 
lifespan of the production facility, there will be a sig-
nificantly higher risk of failures due to the potentially 
lower quality of equipment from a less established 
supplier. We must also consider the implications for 
maintenance, procurement of spare parts, and the op-
erational efficiency achieved by the facility.

(e) The cost-time profile is calculated by consider-
ing all the changes described in the previous optimi-
zation measures (a), (b), (c), and (d). The results show 
that total project costs are 62,404 €, representing a 
27 % reduction compared to the baseline (and the 
total possible savings from implementing the invest-

ment). Direct costs are 62,590 €. It is evident that 
the total cost of tied-up assets, inventory costs, and 
similar items in the project does not exceed 186 €, 
which represents only 3 ‰ of the investment. The 
cost-time investment is 3,970,449 €×days, which is 
more than a 50 % reduction compared to the base-
line. During the 112-day project duration, an average 
of 35,450 € is invested (tied up).

A graphical representation of the savings in proj-
ect costs and cost-time investment is shown in Figure 
7, which combines the latest (e) and baseline data. 
The savings are significant, but it is important to be 
aware of all the associated risks and uncertainties that 
the new situation entails.

4. Conclusion

Project management is a very important research 
area, as it connects activities and ensures the economi-
cal use of resources. Project implementation is linked 
to time, available funds (budget), quality, customer 
satisfaction, and other factors. Project-oriented com-
panies very rarely use the cost-time profile as part of 
project evaluation activities. Therefore, this research 
used an analysis based on the project's cost-time pro-
file, comparing six project implementation variants 
and highlighting the advantages and disadvantages of 

Figure 6. Project cost-time profile for cheaper equipment option. Authors own work
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each. The findings show that faster projects offer sig-
nificant benefits, but it is important not to overlook 
the potential for cheaper labor and materials, provid-
ed that appropriate quality and subsequent operation-
al efficiency of the devices are maintained. In capital-
intensive projects time compression is essential.

The original scientific contribution of this re-
search lies in the application of the cost-time profile 
as a decision-support criterion for investment project 
optimization. Through a detailed case study of a co-
generation plant project, the research quantitatively 
evaluates alternative implementation scenarios and 
demonstrates how project duration influences both 
total costs and cost-time investment. The study inte-
grates lean production principles with project sched-
uling and investment evaluation, providing a practi-
cal framework for identifying economically optimal 
project execution strategies. With some details em-
phasized:

•	 Integration of lean production principles with 
project optimization (the study integrates lean 
production principles with project scheduling 
and investment evaluation through the cost-
time profile approach, providing a framework 
for simultaneously assessing project duration 
and capital commitment).

•	 Novel application of the cost-time profile 
method (application of the cost-time profile 
concept to demonstrate its usefulness as a prac-

tical decision-support criterion in real invest-
ment environments).

•	 Multi-scenario quantitative evaluation (the nov-
elty is the systematic comparison rather than 
merely calculating a schedule; the paper devel-
ops and compares multiple project execution 
scenarios and quantitatively evaluates their ef-
fects on project duration, total cost, and cost-
time investment, providing evidence-based 
guidance for selecting an optimal implementa-
tion strategy).

•	 Demonstration that minimum cost is not nec-
essarily optimal (the research demonstrates 
that project optimization based solely on direct 
costs may lead to suboptimal decisions, while 
the cost-time profile reveals economically su-
perior solutions that balance expenditure and 
implementation speed).

•	 Introduction of cost-time investment as a de-
cision criterion (the study proposes the use of 
cost-time investment as an additional project 
evaluation criterion, enabling decision-makers 
to capture the economic consequences of proj-
ect duration that are overlooked by conven-
tional cost-based analyses).

Additional optimization options include the fol-
lowing: rescheduling high-cost activities to later time 
windows (by splitting some critical activities, which 
also reduces cost peaks), resource smoothing to avoid 

Figure 7. Comparison of the project cost-time profile in the case of a combination of all optimization options and the baseline. 
Authors own work
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cost spikes, converting upfront costs into milestone-
based payments (shifting cost accumulation to later 
stages), and re-evaluating the critical path under CTP 
logic (cost-critical path – activities that contribute most 
to CTI). Including an uncertainty analysis by incor-
porating risk (resource availability, schedules, material 
arrivals, durations, quality outcomes, costs etc.) would 
also be useful to make the results more realistic.

Another advantage of using the cost‑time profile in 
project management is its ability to reveal hidden in-
efficiencies that traditional project metrics often over-
look. By visualizing how costs accumulate through-
out the project lifecycle, managers gain a clearer 
understanding of capital exposure, enabling more 
informed decisions about scheduling, procurement, 
and resource allocation. The method also supports 
proactive risk management, as shifts in the cost‑time 
curve can indicate emerging delays or budget pres-
sures earlier than conventional monitoring tools. Fur-
thermore, the cost‑time profile encourages a more 
holistic view of project performance by integrating 
financial and temporal dimensions into a single ana-
lytical framework. This makes it a valuable comple-
ment to established project management techniques 
and a practical tool for continuous improvement in 
project‑oriented organizations.

This article presents guidelines for project-oriented 
companies on how to analyze and improve operations 
using the cost-time profile, as it is a viable tool within 
the value stream improvement methodology. Future 
research will focus on other potential areas of applica-
tion for the cost-time profile, like batch production.
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