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Abstract: The article aims to present the potential of the classical 

portfolio theory and the possibilities for its application in the formation and 
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concepts, such as investment, project, investment project, etc. The essential 

conceptual characteristics of portfolio theory are defined in terms of its 

methodological and mathematical toolbox and subsequently adapted to a 

conceptual model (methodological framework) for selection of a portfolio of 
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advantages and the related constraints of the methodological model.  
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Introduction 

 

nvestment analysis and portfolio management help the management of 

business organizations (companies) to gain in-depth insight into the 

essential characteristics of various investment projects they implement and 

are used as appropriate methodological tools for making sound investment 

decisions. It goes without saying that this process is far from easy and requires 

a good knowledge not only of the types of investment assets and investment 

theories, but also of the theoretical tenets of investment portfolio management. 

The fundamental theoretical investment concepts and the theory of portfolio 

management are based on financial investments and allow us to analyse the 

investment process and make decisions for managing investments on a much 

broader range. However, based on the presumption that a large part of the 

investments of business organizations (enterprises) are in real rather than 

financial assets, we put forward an adaptation of the classical portfolio theory 

of Harry Markowitz (1959) for the purposes of managing portfolios of 

investments in real assets. To achieve this goal, the author has reviewed the 

theoretical aspects of investments, projects, investment projects and portfolio 

management. Emphasis was put on a methodological framework for selecting 

a portfolio of real-asset investment projects and its stage sequence and 

effectiveness.  

 

 

1. Theoretical aspects of the terms project, investment project,  

and investment projects portfolio 

 

Projects play an important role in the economic development of any 

company (business organization). From the moment of their establishment and 

through all phases of their life cycle (growth, development, maturity, restruc-

turing), business organizations invest significant resources (money, time, labor) 

in various projects related to real assets, raw materials, management, trans-

portation and logistics, production, education, etc. to improve the socio-econo-

mic position of the company and create conditions for its growth and deve-

lopment. These projects are designed in such a way as to ensure that they are 

managed efficiently and result in outcomes that ensure the future development 

of the company using its own and/or borrowed resources.  

Although many people and organizations have come up with their own 

definitions of the term project, the most accurate by far seems to be the 

definition of BS 6079 Project management - principles and guidance for the 

management of projects, according to which a project is a „unique process, 

consisting of coordinated and controlled activities with start and finish dates, 

I 
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undertaken to achieve an objective conforming to specific requirements, inclu-

ding constraints of time, cost, and resources.“ This definition shows that the 

term project has a broader meaning, but is necessarily carried out by performing 

a set of activities. Another aspect of the project is the non-routine nature of the 

activities. Each project is unique, in the sense that the activities of a project are 

unique and non-routine. The implementation of a project necessarily involves 

the use of certain resources, such as people, materials, money, and time. 

Therefore, we can define the project as an organized schedule for 

implementation of a certain number of activities that are not routine in nature 

and that must be completed using the allocated resources within the specified 

period.  

Newman et. al. (1995) define the project as a clearly stated mission that 

must be achieved within a clearly defined deadline. 

According to  Gillinger (Shaghil & Mushtaque, 1997), project is the 

whole set of activities associated with the use of resources to achieve results 

(outcomes). The USA Project Management Institute defines project as a 

“system for coordination of various units and departments of an organization 

for completion of certain tasks within certain time limits and resource 

constraints.” 

In his Encyclopedia of Management Theory, Kessler (2013) states that 

"a project is an organized unit dedicated to the achievement of a specific goal, 

brought to a successful and timely completion within a certain budget and in 

accordance with a pre-set implementation schedule." 

The basic characteristics of a project are: (1) Objective: A  project  

usually  has  a  set of objectives or a mission statement. The project effectively 

terminates when these have been achieved; (2) Life cycle: Projects tend to pass 

through five clear stages of development: concept, definition, design and plan-

ning, implementation, and commissioning; (3) Unique characteristics: Each 

project is unique  and no two projects ever have identical characteristics; (4) 

Teamwork: Projects  often  draw  together  members  from  different  speciali-

sations. The coordination of these members requires teamwork and successful 

cooperation; (5) Complexity: Projects include multidisciplinary activities; (6) 

Risk and uncertainty: Projects  tend  to  be  characterised  by  a  high  degree  

of  uncertainty and risk. A project always involves certain risks, whether they 

are obvious or not or predictable or unpredictable; (7) Customer-specific: 

projects are always customer-specific; (8) Change: Changes occur during the 

life cycle of the project as a natural result of many environmental factors. 

Changes can range from minor, having little impact on the project, to significant 

changes that can have a big impact or even change the very nature of the project; 

(9) Optimality: Projects always aim at optimal use of resources for the overall 

development of the company; (10) Subcontractors: The large volume of work 
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in a project implies the need to use subcontractors. The greater the complexity 

of a project, the higher the degree of the so-called. external assignment; (11) 

Unity in diversity: Projects are complex sets of thousands of elements in terms 

of technology, equipment and materials, machinery and people, work, culture, 

etc. Their unity and skilful (successful) combination is a prerequisite for the 

successful implementation of the project. 

The above definitions lead to the conclusion that the specific character-

ristics of a project are defined as: activities (defined, allocated, and coor-

dinated), start and end (time constraint), schedule, resources (time, labour, 

financial), result (financial or not). From investment point of view, these 

characteristics of a project can be used to define the concepts of investment and 

investment project. 

An essential element of any project and a prerequisite for its successful 

implementation is the need to invest a certain resource, which is expected to 

lead to a positive result or, in other words, the need to make specific invest-

ments. Investment is defined as the current commitment of money to derive 

future payments at a required rate of return. If the resource is invested correctly, 

the return will correspond to the risk assumed by the investor (Fisher & Jordan, 

1975). 

The basic definition for a capital investment is the investment in a real 

asset that is expected to result in a future return (Brealey et al., 2011). For a 

company, this can be, for example, an investment intended to increase its 

capacity, improve its product quality, or contribute to more efficient use of its 

resources. 

In his book Fundamentals of Investment, Ivan Georgiev (2013) gives a 

comprehensive definition of investments, which lists their essential character-

ristics and the way they are used in business organizations. He defines invest-

ments as “cash to acquire (or construct) assets that are likely to provide income, 

capital gains, and other long-term benefits.”  

The importance of capital investment is further emphasized by 

Lumijärvi (1991, p. 171), who states that: "investment affects the operations 

and cash flows of companies over a long period of time, which makes invest-

ment success extremely important". Capital investment decisions are also 

considered an important tool for implementing strategies (Grundy & Johnson, 

1993) and ensuring corporate performance (Emmanuel et al., 2010). Investment 

decision-making is a matter of resource allocation (most often, but not only 

financial) (Bower, 1986), and research shows that firms that have "more room 

for financial manoeuvring", i.e. more disposable resources, have a less formal 

investment decision-making process (Van Cauwenbergh et al., 1996, p. 175). 

However, since firms usually have limited resources available, allocation 

decisions on the various investment decisions are essential (Lumijärvi, 1991). 
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Therefore, the question is “How do companies make these important 

investment decisions?” 

Of course, the specifics of investments, combined with the character-

ristics of projects and their overall process organization, suggest that to some 

extent there are both general and specific features of investment projects in 

comparison with the projects in a business organization. In other words, every 

investment project is a project, but not every project is an investment project. 

Thus, the logical question is “What is the definition of an investment project?  

According to Ivan Georgiev (2013), investment projects are one-off 

investments of funds in some assets to ensure financial gains and/or other 

positive results over a period of time. He also points out that projects differ in 

too many aspects, such as their scale (large, small); assets (real, financial); field 

(market, production, etc.); goals (minimizing costs, increasing revenue, 

increasing capacity); risk (high risk, low risk); design (internal, or by external 

entities) and variability (complementary, mutually exclusive), etc.  

In her dissertation research, Vanya Pandakova (2015) defines that 

“investment project” should be understood as a unique set of interconnected 

activities aimed at achieving a clearly defined goal related to the construction 

of new or renovation of existing buildings and facilities through construction, 

expansion, reconstruction, modernization and overhaul, the main feature of 

which is the performance of construction and installation works within a 

defined period of time, at a given cost and quality requirements and at predeter-

mined permissible levels of risk. 

Investment projects are a long-term allocation of funds (with or without 

recourse to external financing of the project) in order to implement an 

investment idea to the stage of generating a stable income. A viable investment 

project aims to achieve a profitable return that guarantees (1) timely payment 

of interest and principal on external sources of its financing, (2) a satisfactory 

return on invested capital and (3) positive and consistent cash flows. 

Businesses have many investment opportunities, each one associated 

with different trade-offs in risk and return. Each investment project is different 

in terms of its characteristics, which makes the investment decision a 

challenging process. Thus, the investor must carefully analyse each of the 

characteristics and compile a portfolio of projects for investment in real assets, 

which corresponds to his risk profile and is in line with the company's goals 

and objectives, strategy, etc.   

The process of investment decision-making was described first by Cyert 

and March (1963). However, capital investment decision-making studies 

usually focus on the financial evaluation of investments such as the use of 

capital budgeting tools and practices (e.g. Bennouna et al., 2010; Graham & 

Harvey, 2001; Lefley, 1996; Sandahl & Sjögren, 2003; Qiu et al., 2015). 
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Although financial evaluation plays an important role in investment 

decision-making (Van Cauwenbergh et al., 1996), it is only one step in the 

process (King, 1975) and “corporate investment behaviour is significantly more 

complex than it can be described by the basic NPV concept as an investment 

model” (De Canio & Watkins, 1998).   

All this enables us to develop a methodology adapted on the basis of 

various investment concepts and concepts for portfolio management of invest-

ment projects, on the basis of which to seek and achieve optimization and 

reasonable selection of individual projects included in an investment portfolio 

of the business organization by key characteristics. It is based on Markowitz's 

(1959) portfolio management concept, which was adjusted and interpreted in 

terms of corporate management of portfolios of projects for investment in real 

assets.  

 

Portfolio theory applied to business organizations’ investments in 

real assets 

 

When compiling a portfolio of projects, one of the main factors to 

consider is the project selection procedure. In theory and practice, there are 

many procedures to decide which projects are worth investing in. It is important 

to note that in order for project selection to be successful, it must meet two 

important conditions. First, before the process is carried out, it is necessary to 

clarify the criteria by which the projects will be selected. They must be clearly 

defined and applied to all projects. Second, regardless of which selection 

method is chosen, it must be clearly described and allow the use of the 

underlying selection criteria.  

The methods for selection of securities for investment portfolios of 

financial assets cannot be used directly to select portfolios of projects for 

investment in real assets due to differences between investments in real and in 

financial assets. Therefore, we should consider the method and procedure used 

for selection of stocks and their feasibility for selection of investment projects.  

Financial theory and practice offer a wide variety of stock selection 

methods. For the purposes of this study, we will consider only the optimization 

models and in particular the mean-variance model. It was originally proposed 

by H. Markowitz and developed further by other authors, among which 

Grinblatt and Titman (2001); Sharpe, Alexander, and Bailey (1999); Elton, 

Gruber, Brown, and Goetzmann (2003); Huang and Litzenberger (1988) and 

Merton (1972). It uses non-linear programming and the necessary input 

parameters for the analysis are: expected return, variance, covariance between 

all cash flows and desired return or desired risk. The model has two variants: 
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minimum risk exposure at a certain return rate and maximum return at a certain 

level of risk. 

In the case of the minimum risk at a certain rate of return, the weights 

of the assets in the portfolio are determined on the basis of optimization by the 

method of quadratic programming using the following mathematical and 

statistical equations: 𝑍𝑍 = ��𝑤𝑤𝑖𝑖𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑖𝑖=1 𝑤𝑤𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑗𝑗 → 𝑚𝑚𝑚𝑚𝑚𝑚 

(1)  �𝑟𝑟𝑖𝑖𝑤𝑤𝑖𝑖 = 𝑅𝑅𝑛𝑛
𝑖𝑖=1  

(2)  �𝑤𝑤𝑖𝑖 = 1

𝑛𝑛
𝑖𝑖=1  

(3)   

 

(4)   w1 ≥ 0 , i =1,....., N, 

where: 

ri – is the expected rate of return of the ith asset; 

wi  – is the weight of the ith assey in the portfolio – unknown variable; 

covij – is the covariance between the rates of return of the ith and the jth 

assets; 

R – is the rate of return required by the investor; 

N – is the number of assets in the portfolio. 

The method for selection of a basket of stocks through mean-variance 

optimization has two main advantages: flexibility and adaptability of the model 

to the requirements of investors and perfect accuracy in determining a portfolio 

that meets the requirements of the investor. However, this advantage is closely 

related to the biggest disadvantage of the method. Nawrocki (2009) uses the 

popular name "butterfly effect" to describe this shortcoming of the model. It 

means that even a minimal deviation in the input data will lead to significant 

differences in portfolio selection. This is because the solution of the optimi-

zation problem is done through multiple mathematical iterations and even a 

small deviation in the input data would have a multiplier effect.  

The optimization method for selection of shares is characterized by the 

fact that the only characteristics by which projects are selected are the financial 

indicators of risk and return. When investing in financial assets, investors are 

rarely interested in other features. When investing in real assets, the investing 
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business organizations are interested in a wide range of indicators. In addition 

to project risk and return, they also consider strategic, environmental, techno-

logical and other features. This is due to the fact that with their investment 

projects business organizations pursue goals that are may not be related to the 

investment policy of the company. These goals may be related to other 

company goals and the specific activities of the company. This is why we have 

to add other criteria to a possible model for selection of real-asset investment 

projects.  

Another problem with stock selection models is the application of stock-

specific indicators, which are often irrelevant in terms of real assets. The use of 

concepts such as beta coefficients, systematic and non-systematic risk, return 

on risk-free assets and market risk would impair the accuracy of the method 

when it is applied to real-asset investment projects. The need to calculate the 

beta coefficient of such an investment project would deter most businesses from 

using the method.  

It is for these reasons that the method of mean-variance optimization is 

considered, taking into account its requirements for input data - return, risk 

(variance and standard deviation) and asset covariance. The return on an 

investment project can be measured using many indicators, but it is necessary 

to take into account the preference for dynamic indicators that reflect the time 

value of money. We can use the net present value to account for the return on 

an investment project. The indicator is dynamic and covers the entire project 

period. The variance and standard deviation used in risk measurement may not 

be the indicators preferred by some business organizations but these methods 

for assessing the risk of an investment project are well-known and can be used 

in a project selection method. The covariance between two projects is probably 

a weak indicator, but it is easy to calculate. 

To calculate the return and risk of a portfolio of investment projects, we 

can use the inputs used for calculating these values for a stock portfolio of 

shares, i.e. the net present value of a portfolio of investment projects will be a 

weighted average of the net present value of all individual projects in the 

portfolio, and the risk will not be a weighted average of the individual risks of 

these projects.   

(5)   𝑁𝑁𝑁𝑁𝑁𝑁𝑝𝑝 = ∑ 𝑥𝑥𝑖𝑖𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖𝑛𝑛𝑖𝑖=1 ,       

where: 

NPVp is the net present value of the portfolio; 

NPVi is the net present value of the ith project in the portfolio; 

Xi is the relative share of the ith project in the portfolio. 0 ≤ Xi ≤ 1. 
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Methodology for selection of real-asset investment projects 

 

The developed methodology is used for compilation and management 

of portfolios of real-asset investment projects of business organizations. The 

resulting portfolio must meet the optimality criteria according to Markowitz's 

portfolio management theory. This means that the portfolio must be on the 

efficient frontier, i.e. that there is no portfolio with better risk and return 

characteristics. The proposed methodology uses the net present value as an 

indicator of return and standard deviation as an indicator of the level of risk. 

The statistical indicator coefficient of variation will be used to select the 

best option from the effective portfolios. It expresses dispersion as a 

percentage, i.e. shows the ratio of the standard deviation of the net present value 

to the average net present value. Thus we can compare different portfolios to 

select the portfolio with the lowest value of the coefficient of variation. 

The portfolio of a business organization must meet the objectives of its 

investment strategy which in turn must support its main business strategy. 

Investment pursues goals related to various aspects of company’s business - 

production, human resources, marketing, R&D, etc. When investing in 

financial assets, in most cases we are only interested in the financial indicators 

of the portfolio - return and risk. Although all business organizations invariably 

pursue profit as their main goal, their long-term growth should not be neglected 

in order to achieve maximum profitability in the short term.  

 

Stage 1 Financing the portfolio 

 

The first stage of the methodology is to estimate the financial resource 

to be allocated to the portfolio. The steps are shown in the figure below. 

 
Figure1. Stage 1 steps: Financing the portfolio 

 

Companies have access to two main groups of sources of financing: 

internal and external. They are characterized by various indicators such as cost 

of capital, risk and size. At this stage it is required to find the possible and 

appropriate sources of financing and for each of them to calculate the cost of 

capital, the amount of financing and its relative share in the total investment. 
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The next step is to determine the weighted average cost of capital 

(WACC) as a weighted average of the cost of capital of all possible sources of 

financing. The WACC will be the discount rate applied to evaluate the 

individual projects. In most cases, the investment budget will not be spent in 

full. The sources of financing as well as the exact amounts that will actually be 

used will be determined at a later stage depending on the projects in the 

portfolio and their interrelation, i.e. the cost estimated at this stage will differ 

from the actual cost. It will be used to update project cash flows, select projects 

and design draft portfolios. Then a new value of the weighted average cost of 

capital will be calculated for each draft portfolio based on investment budget 

optimization.  

The second stage to develop the individual projects to be included in the 

investment portfolio.  

 
Figure 2. Stage 2 steps: Development of individual projects 

 

Individual projects must be developed taking into account the foals of 

the company because its investment portfolio must be in line with its strategic 

goals.  

Alternatively, each individual project and the portfolio as a whole may 

be subjected to strategic evaluation to ensure their coherence with the 

company's goals. The investor may consider the strategic profile of the 

investment to determine the strategic profile of the portfolio by setting 

minimum values for each strategic goal and ranking them according to the 

degree of their importance for the business organization. 

If additional assessments (technological, environmental, etc.) are 

required, they may be set as portfolio criteria and estimated at this stage. In the 

presence of many criteria, it would be appropriate to introduce a weighted 

average assessment of the set additional criteria (in addition to risk and return, 

which we consider to be the main ones). 

At this stage, the individual indicators of each project needed for the 

follow-up are calculated. We will use the net present value to assess the return 

on the portfolio and projects, and the standard deviation to assess the risk. These 

indicators can be changed depending on the preferences of each business 

organization. In the current methodology we have focused on them due to their 
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good theoretical and practical value and the ability to be used for the purposes 

of the methodology. 

 

 
Figure 3. Stage 3 steps: Calculating the individual project indicators 

 

The average value of the expected net return can be calculated in two 

ways depending on the method used to determine the possible values of the net 

return.  

 

(6)  𝑈𝑈𝑡𝑡��� = ∑ 𝑈𝑈𝑖𝑖𝑁𝑁𝑖𝑖𝑁𝑁𝑡𝑡=1 , 

where: 

Ut is the expected net return in year t; 

Ui is the ith variance of return in year t; 

Pi is the probability for ith variance of return. 

Assuming a beta distribution of the net return, the expected value is 

calculated as: 

 

(7)  𝑈𝑈𝑡𝑡��� =  
16 [𝐷𝐷(𝑈𝑈𝑡𝑡) + 4𝑀𝑀(𝑈𝑈𝑡𝑡) + 𝑂𝑂(𝑈𝑈𝑡𝑡)], 

where: 

D(Ut) is the pessimistic net return scenario for year t; 

M(Ut) is the most probable scenario for the net return in year t; 

O(Ut) is the optimistic net return scenario for year t. 

The expected net returns calculated for each year are used to calculate 

the net present value. 

 

(8)  𝑁𝑁𝑁𝑁𝑁𝑁������ =  ∑ 𝑈𝑈𝑡𝑡����
(1+𝑘𝑘)𝑡𝑡𝑛𝑛𝑡𝑡=1 − 𝐼𝐼, 

where: 

NPV is the expected NPV; 

I is the initial investment cost; 

k is the capital cost. 

The next step is to calculate the standard deviation of NPV based on the 

expected net return for each year as: 
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(9)  𝜎𝜎𝑡𝑡 =  �∑ (𝑈𝑈𝑖𝑖 − 𝑈𝑈𝑡𝑡)2𝑁𝑁𝑖𝑖=1 𝑁𝑁𝑖𝑖, 
where: 

σt is the standard deviation of the expected return for year t. 

Assuming a beta distribution, the standard deviation is calculated as: 

 

(10)  𝜎𝜎𝑡𝑡 =  
16 [𝑂𝑂(𝑈𝑈𝑡𝑡)− 𝐷𝐷(𝑈𝑈𝑡𝑡)] 

Then we calculate the standard deviation of NPV as: 

(11)  𝜎𝜎𝑁𝑁𝑁𝑁𝑁𝑁 =  �∑ 𝜎𝜎𝑡𝑡2
(1+𝑘𝑘)2𝑡𝑡𝑛𝑛𝑡𝑡=1   , 

where: 

σNPV is the standard deviation of NPV. 

Given the fluctuating time value of money, different allocations of 

investments would change the net present value of the project. This is one of 

the factors that affect the final result - the portfolio, so it is appropriate to take 

into account its impact in the development of various project options and to be 

included in the optimization. This can be done by developing each variant of 

allocation of investment costs as a separate project assuming that these projects 

are mutually exclusive. In this way, the impact of the different distribution of 

investment costs on the selection of projects and, accordingly, on the portfolio 

will be taken into account.  

At this stage, the selection of projects and the compilation of possible 

investment portfolios is performed. The selection itself will be done through 

nonlinear optimization, and the coefficient of variation will be used to select 

the optimal portfolio. At the next stage, only the portfolio with the lowest 

coefficient value will be accepted. If two or more portfolios have similar values, 

then all portfolios with similar coefficients of variation will continue in the next 

stage. Schematically, the stage is presented in the figure below. 

 
Figure 4. Investment project selection diagram 

 

First, we have to calculate the covariance of each pair of projects. The 

value of this indicator shows the extent to which the profitability of two projects 
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changes simultaneously. To calculate the covariance we use the following 

formula: 

 

(12)  cov12  =  ∑ �𝑈𝑈𝑖𝑖−𝑈𝑈�𝑡𝑡
(1+𝑘𝑘)𝑡𝑡�𝑛𝑛𝑖𝑖=1 × � 𝐶𝐶𝑖𝑖−�̅�𝐶𝑡𝑡

(1+𝑘𝑘)𝑡𝑡� × 𝑁𝑁𝑖𝑖, 
where: 

cov12 is the covariance of cash flows from projects 1 and 2; 

Ui , Ci is the ith variation of return in year t; 𝑈𝑈𝑡𝑡��� ,𝐶𝐶𝑡𝑡�  is the expected net return in year t; 

k is the cost of capital, part of unit; 

Pi is the probability for the ith return variation. 

Once we find the covariance of each pair of projects, they are compared 

using the covariance matrix shown in Table 1 below. 

 

Table 1  

Covariance matrix 

 

 Project 1 Project 2 Project 3 Project n 

Project 1 σ1
2 Cov12 Cov13 Cov1n 

Project 2 Cov21 σ2
2 Cov23 Cov2n 

Project 3 Cov31 Cov32 σ3
2 Cov3n 

Project n Covn1 Covn2 Covn3 σn
2 

 

The correlation coefficient of the cash flows of each project will be 

equal to 1 and is expressed as: 

 

(13)  Cov11 = 1* σ*σ = σ2
 . 

 

The other cells contain the covariance coefficients for each pair of 

projects (e.g. cov12 = cov21, cov13 = cov31 , etc., because we use the same cash 

flows to calculate cov12 and cov21, and therefore the value is the same.) 

According to modern portfolio theory, the covariance between two 

projects has a stronger impact on the risk of the portfolio than the risks of the 

individual projects. The covariance of two projects can take values from -1 to 

+1. In case of covariance between two projects, equal to +1, the addition of the 

second project will not reduce the risk and it will be a weighted average of the 

risks of both projects. With a lower value of the covariance, the addition of the 

second project will reduce the risk of the combination of two projects. In this 

case, the risk of the two projects will not be a weighted average of their 

individual risks. It should be noted that in practice there are no assets with a 

covariance equal to -1, which would achieve the most significant risk reduction.  
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When compiling the optimization equation, we must take into account 

the relationship between the various projects, regardless of whether the projects 

are mutually acceptable, exclusive or interdependent. In the first stage, through 

covariance, we established the relationship between the profitability of each 

pair of projects. After establishing the connection on the basis of their 

implementation, restrictions arising from its specifics are introduced.  

 

Table 2  

Project relationship constraints 

  

Mutually exclusive xi + xj = (0,1) 

Mutually acceptable xi = xj 

Inclusion of existing projects/portfolios  xi = 1 

 

The next step is to optimize the portfolio using an optimization equation 

based on mean-variance optimization with the assumption of minimum risk at 

a certain return. It is based on well-known indicators such as: the covariance 

between different projects; the profitability of each project in terms of its net 

present value; the risk exposure of each project expressed through the variance 

and desired return of the portfolio in terms of its NPV in the following equation: 

 

(14)  𝑍𝑍 = ∑ ∑ 𝑤𝑤𝑖𝑖𝑛𝑛𝑗𝑗=1𝑛𝑛𝑖𝑖=1 𝑤𝑤𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑗𝑗 → 𝑚𝑚𝑚𝑚𝑚𝑚,  

 

(15)  𝑁𝑁𝑁𝑁𝑁𝑁𝑝𝑝 = ∑ 𝑥𝑥𝑖𝑖𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖𝑛𝑛𝑖𝑖=1 , 

where: 

NPVi is the expected net present value of project i; 

wi is the relative share of project I in the portfolio – unknown variable; 

covij is the covariance between the rates of return of projects i and j; 

NPVp is the net present value of the portfolio; 

NPVi is the net present value of project I in the portfolio; 

Xi is the relative share of project i in the portfolio; 0 ≤ Xi ≤ 1. 
The optimization equation is repeated with a different required net 

present value of the portfolio until all possible portfolios from the existing 

individual investment projects are compiled. 

Portfolio risk is calculated as: 

 

(16)  𝜎𝜎𝑝𝑝2 = ∑ 𝑤𝑤𝑖𝑖2𝜎𝜎𝑖𝑖2𝑛𝑛𝑖𝑖=1 + 2∑ ∑ 𝑤𝑤𝑖𝑖𝑤𝑤𝑗𝑗𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑗𝑗𝑛𝑛𝑗𝑗=1𝑗𝑗≠𝑖𝑖𝑛𝑛𝑖𝑖=1 , 

where: 
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σp
2 is portfolio dispersion; 

wi is the relative share of project i, i = 1, 2, 3…n; 
σi

2 is the individual risk exposure of project i measured through 

dispersion; 

covij is covariance between projects i and j (i ≠ j = 1, 2, 3….n) 

The relative shares (w) of the projects are calculated as ratios of the 

present value of the investment in the project to the total present value of the 

investment in the portfolio. 

 

(17)  𝑤𝑤𝑖𝑖 =
𝑁𝑁𝑁𝑁𝑃𝑃𝑖𝑖𝑁𝑁𝑁𝑁𝑃𝑃𝑝𝑝, 

where: 

wi is the relative share of project i; 

PVIi is the present value of the investment in project i; 

PVIp is the present value of the investment in the portfolio (the total 

updated cost of all projects included in the portfolio). 

When an already completed project is added to the portfolio, its cost is 

assumed as zero. In such case, its relative share is calculated using the present 

value cost of the investment made in this project. It must be added to PVIp as 

well.  

 

(18)  𝑤𝑤 =

project investment costs incurred in the past present value of future and past costs of investment in the portfoliio  

 

The relative shares determined on the basis of investment costs (w) will 

be used to calculate the portfolio risk, and the project acceptance shares (x) will 

be used to determine the NPV. The sum of all relative shares, calculated on the 

basis of investment costs, will be equal to 1, which does not necessarily mean 

that the whole investment project of the company will be spent, as only the 

investment costs are taken into account, not the investment budget of the 

company.  

The optimization is carried out using the following functions of Excel 

Solver: 

• For the net present value of the portfolio: 

=SUMPRODUCT (project acceptance shares; projects’ NPV); 

• For the portfolio risk measured through its dispersion:  

=MMULT(MMULT(TRANSPOSE (the relative shares of the projects); 

covariance matrix);  

• For the portfolio risk measured through its standard deviation: 

=SQRT (portfolio dispersion). 
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Depending on the specific constraints, the optimization may result in 

more than one possible portfolio. They (the portfolios) will differ in terms of 

risk and return. It should be noted that all these portfolios will be efficient 

according to the modern portfolio theory, i.e. they will be on the efficient 

frontier. However, the investor can choose only one of the possible portfolios. 

This choice can depend on the coefficient of variation of each portfolio. thus 

the investor will determine the best option in terms of how the risk relates to 

the profitability of the portfolio, i.e. the lower this ratio, the better the portfolio. 

The coefficient of variation is calculated as: 

 

(16) 𝑁𝑁 =
𝜎𝜎𝑝𝑝𝑁𝑁𝑁𝑁𝑁𝑁𝑝𝑝, 

where: 

V is the coefficient of variation; 

σp  is the standard deviation of portfolio’s NPV; 

NPVp is the net present value of the portfolio. 

The last stage is budget optimization. As inputs we must have one or 

more compiled portfolios. The output of this stage will be the best investment 

portfolio based on the input and its optimal financing. We will use nonlinear 

optimization to calculate the investment budget. Schematically, the model is 

shown in the figure below.  

 

 
Figure 5. Budget optimization procedure 

 

The goal of budget optimization is to find the weighted average cost of 

capital at which the coefficient of variation of a given portfolio will be the 

lowest. This value is accepted as the lowest feasible WACC. 

The main function will be to minimize the coefficient of variation.  

 

(17)  𝑍𝑍 = 𝑁𝑁 → 𝑚𝑚𝑚𝑚𝑚𝑚, 

where: 

V is the coefficient of variation of the portfolio. 

The optimization aims to determine the relative share of financing for 

each project from each available source of funding. The relative share is 

expressed by the variable Y (e.g. Y11 is the share of financing project 1 from 

1.Calculating the
NPV, standard
deviation and 

covariance using 
individual WACC 
for each project

2.Using 
optimization 
equation to 

determine the best 
combination of 

sources of capital

3. Acceptance of 
the best portfolio 
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source 1, Y12 - the relative share for the financing project 1 from the second 

source of financing, etc.)  

The value of this variable may vary between 0 and 1, i.e. 

 

0≤ Y ≤ 1 

 

If Y=0, then this project will not be financed from this particular source 

and vice versa, if Y=1, then the whole investment for this project will come 

from this particular source of financing. The exact amount of financing from 

the given source for the given project is found by multiplying the share by the 

entire possible amount from the source. 

Another constraint is that the sum of all relative shares for all projects 

financed from one source cannot be greater than 1, i.e. 

 

(18)  ∑ 𝑌𝑌𝑖𝑖 ≤ 1𝑛𝑛𝑖𝑖=1 ,  

where: 

Yi is the relative share of financing of project i, 
Another constraint is the requirement that all projects be fully financed, 

which is assumed at the previous stage of the methodology. In the previous 
stage a selection of projects has been made, one or more potential portfolios of 
investment projects have been identified and at this stage only their optimal 
financing is sought, as no change in the choice of investment projects is 
allowed. Each of the projects in the portfolio should be financed in full. 

Several optional constraints can be set depending on the policy of the 
business organization. Such constraints may be a required ratio (or absolute 
amount) of internal to external financing; a requirement for mandatory use of 
only one type of financing, etc.  

The investor shall accept the portfolio with the lowest coefficient of 
variation.  

 
 
Conclusion 

 
In practice, more and more business organizations are adopting project-

oriented management, which shows their growing role and the need for effect-
tive management. A similar trend is observed in terms of investment projects. 
Capital investment decisions are the main drives of corporate growth, achie-
vement of the strategic goals of the company, and increasing its profitability.  

The traditional approach to discounted cash flows does not cover the 
overall complexity of investment decisions in business organizations. Although 
contemporary corporations, implement more than one investment project at any 
time in the course of their operations, very few of them consider these projects 
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as a portfolio. The impact that the combination of different investment projects 
will have on their return, risk exposure, or other goals pursued by the company 
is not taken into account. 

The proposed conceptual model (methodological framework) aims to 
present the possibility of using portfolio theory when investing in real assets 
and in particular in the selection of a portfolio of real-asset investment projects. 
The main goal is to achieve a better ratio between risk and return by taking into 
account the impact of covariance between the cash flows of different 
investment projects. On this basis, formulas are presented for deriving the 
return on the portfolio, measured by the net present value, and the risk, 
measured by the standard deviation of its return. 

At the same time, we believe that the model is flexible enough and 
allows the use of additional criteria, the most important of which is strategic, 
viz. the achievement of a more accurate match between the goals of the 
portfolio and the company's goals. Options have been proposed for the 
implementation of this task and for the possibility of strategic assessment of the 
portfolio or its strategic profile.  
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