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INTRODUCTION 

 

Every company that invests in any activity seeks to maximize its value and profit, while 

facing the need to overcome and minimize risks. Investment in construction is no exception. This 

industry is characterized not only by a large number of risks related to Finance, market, design and 

technical aspects of the project, legislation, etc., but also by the uncertainty that exists in the market 

where it operates. 

The Russian real estate market has recently seen a lot of changes that have affected the 

entire industry as a whole. Changes in 214- FZ (Federal law of the Russian Federation of December 

30, 2004 No. 214-FZ “About participation in shared-equity construction of apartment houses and 

other real estate objects and about modification of some legal acts of the Russian Federation”) 

provide that from July 1, 2019, developer companies must operate under the new rules. Developers 

have to switch from shared -equity construction to project-based construction (Consultant+, 2020). 

All developers who attract citizens' funds for construction will be obliged to work with the 

use of escrow account mechanism. During the use of escrow-accounts money of people, involved 

in shared equity construction purchase, are transferred to special bank accounts and stored there 

until construction is completed. The developer will be able to receive money from these accounts 

only after transfer ownership rights to buyers. Construction will be conducted at the developer's 

own expense or at the expense of Bank loans. In case of problem with completing the construction 

by developer, the buyer can claim a refund of the amount paid.  Thus, the risks of unfinished 

construction are transferred from home buyers to professional market participants-developers and 

banks, (the problem of deceived shareholders is still quite relevant, only in St. Petersburg and the 

Leningrad region there were about 15 thousand people in 2019) Banks started to use a fairly strict 

system of selecting companies to provide loans.  

According to the requirements of banks, the developer company must invest at least 14-

15% of the construction cost from its own funds, the remaining 85-86% is provided by the Bank 

as a loan. The construction period should not exceed 5 years (7 in the case of complex 

development). The developer company is required to provide a list of documents, which should 

include information about the company's status, legal rights to the development, justification of 

the project, technical characteristics and many other documents.  

According to experts, due to this change in legislation some companies will leave the 

market, and prices for primary housing will also increase. At the same time, developer companies 

will incur higher expenses in comparison with previous periods related to the need to pay interest 

on loans to banks. The situation is also complicated by the pandemic, part of the construction is 
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suspended, and the market behavior, in particular demand, that has jumps because people start to 

invest in premises to save money, competitors changes prices, that carries even more uncertainty. 

 In these conditions the search for ways to maximize profits for developer companies can 

become the most relevant. A possible option to increase profitability is the sale of real estate at 

later stages of construction at prices corresponding to the construction stage or delay start of 

construction works. Moreover, it can help to obtain more information to make a better decision. 

Also, in the case of a negative scenario of market development, it is possible to stop construction 

and minimize losses. 

In this regard, the paper offers an analysis of projects based on real options, which helps to 

incorporate managerial flexibility and maximize value in case of high risks and future uncertainty.  

In the paper two variants of project valuation are considered: the first, traditional methods 

for the company and the industry when sales are planned at all acceptable stages of construction; 

the second, real option approach to evaluate benefits from the sale at the different stages and 

possibility to abandon and delay the project.  

The research goal is to find the best solution for project realization using real option 

approach.  

Research questions of the thesis are the following: 

- What are the peculiarities of the real estate industry are and how they influence on the 

project valuation? 

- What are existing ways/methods of real estate projects valuation? 

- Which types of real options do exist to evaluate real estate projects? Which type of real 

option should be used in the thesis? 

- How to evaluate the project in real estate with the use of real option approach? What are 

limitations of the approach? 

- At which stages of construction selling is more profitable? 

- In what case company should delay or abandon the project? 

 

              To answer the research questions stated above the analysis suggest achieving the next 

research objectives: 

- To conduct a literature review of project valuation methods in real estate industry. 

- To conduct an analysis of real estate market situation, identify existing risks and 

uncertainty, understand the necessity to use ROA. 

- To conduct the project valuation with the use of traditional method (DCF analysis), apply 

ROA, compare results of analysis.  
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- To use different sales distribution at stages, recalculate the model to understand whether 

it influences project’s value. 

- To develop a system of recommendations for a given project to maximize value. 

A large number of papers have been devoted to the issue of using the real options method, 

but those used in real estate industry were mainly related to the issue of feasibility of investments 

in land or exiting from the project.  This paper will consider the interaction of several options and 

sales at different stages, which was not taken into account earlier. From the point of view of 

practical applicability, the result of the analysis will be a set of recommendations how to 

implement the project depending on the situation for managers of this industry. Thus, analysis is 

proposed to be useful both from a theoretical point of view and from a practical point of view. 

 

 

CHAPTER 1. THEORETICAL BACKGROUND  
 

This Chapter presents the methodology for evaluating projects using traditional methods, 

the criteria for selecting projects, and the advantages and disadvantages of these models. The 

methodology for evaluating projects using real options, comparison with traditional models, and 

justification for choosing the real options method for specific cases are further investigated. 

 

1.1 Traditional methods of investment project valuation and risk-management 

 

1.1.1 Traditional methods of project valuation 

 

The basis for making decisions regarding investments is the comparison of volume of 

investments and anticipated cash flows that company can obtain as a result of this investments. 

Since the indicators being compared relate to different points in time, the key issue here is their 

comparability. Companies use different methods for appraisal, but all of them can be divided into 

two groups: based on discounted estimates and based on accounting estimates. In the first case, 

the time factor is taken into account; in the second, it is not. The first group includes Net present 

value, Profitability index, discounted payback period, Internal rate of return. The second group 

includes Payback period, Accounting rate of return (Soboleva, E.A., Kanhva, V. S., 2016).  
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The Profitability Index (PI) shows the ratio between the present value of future cash flows 

and the initial investment. The index is a useful method to rank investment projects and represent 

the value created per unit of investment. 

 

𝑃𝐼 =
𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑓𝑢𝑡𝑢𝑡𝑒 𝐶𝑎𝑠ℎ 𝐹𝑙𝑜𝑤𝑠

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
 

  

To make a decision about the choice of a project using Profitability index the following 

rules are applied: 

- PI > 1 profitability index greater than one implies that the project generates value and the 

company may want to proceed with the it. 

- PI < 1 profitability index less than one implies that the project decreases value and the 

company should not proceed with the it. 

- PI = 1 profitability index equal to 1 implies that the project breaks even and the company 

is neutral about whether proceed with the project. 

The method has several advantages and disadvantages. The main advantages of the method 

are that: 

- It considers all the cash flows during determination of PI; 

- It helps to rank projects according to their PI; 

- It provides proper consideration of money time value; 

- It is consistent with the goal to maximize the wealth of shareholders. 

 

At the same time during the use of the method it is difficult to understand interest rate or 

discount rate and to calculate profitability index if two projects having different useful life, that 

constitutes the main disadvantages of the PI method. 

The Accounting rate of return (ARR), or the investment performance coefficient, provides 

a comparison of the average values of profit and investment. ARR is calculated by dividing the 

average annual return by the average investment value (the coefficient is taken as a percentage).  

 

𝐴𝑅𝑅 =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑟𝑜𝑓𝑖𝑡
  

This method has a number of disadvantages since it does not consider the time component 

of cash flows. Moreover, it cannot distinguish between projects with the same amount of average 
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annual profit varying by year as well as between projects with the same average annual profit 

generated over a different number of years. 

Another method of project assessment is the Payback period. It is a period of time (usually 

expressed in years) required for nominal cash flows from the project to cover the initial investment. 

The payback period is used not the only as a separate decision-making technique, but in 

combination with another evaluation metric during the choice of the project. The method can be 

quite useful in case of mutually-exclusive projects: the criterion to choose a project - the length of 

payback period, the shorter period is preferable.  

 

𝑃𝐵𝑃 =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 

𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑎𝑛𝑛𝑢𝑎𝑙 𝐶𝑎𝑠ℎ 𝐹𝑙𝑜𝑤
 

 

The payback period is one of the simplest techniques to calculate and can be used as a risk 

and liquidity measure, but has several disadvantages as well: 

- It cannot measure project’s overall profitability because it does not consider cash flows 

after the payback period. 

- It does not take into consideration the time value of money, becase it uses nominal cash 

flows and assess cash them in the early periods the same as cash flows in the later ones, 

that can lead to wrong decision.  

- It is not appropriate when the investment is spread over time or when there is no initial 

investment (Soboleva, E.A., Kanhva, V. S., 2016). 

Discounted payback period (or adjusted payback period) helps to eliminate some 

disadvantages of simple payback period, since it uses discounted cash flows, and considers time 

value of money.  

One of the most commonly employed decision-making technique to assess efficiency of 

projects in NPV Net Present Value. It was approved for implementation by Ministry of Economic 

Development (Russia), UNIDO, EBRD, The World Bank (Knyazeva, N.V., 2018). This method 

is widely spread in real estate project valuation and based on the fundamental principle in finance 

– time value of money. Net present value - the sum of the present values of the expected project’s 

cash flows net of the initial investment. 

𝑁𝑃𝑉 = ∑
𝐶𝐹𝑖

(1 + 𝑟)𝑖

𝑛

𝑖=0

, 

CFi = Cash flow in period i  
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r = Discount rate  

n = Number of years 

NPV method allows to compare the present values of cash inflows and outflows over a 

period of time and has the following rule for decision-making regarding the project choice:  

- If the NPV > 0 → Positive value indicates that the project should be accepted; 

- If the NPV < 0 → In case of negative value, project should be rejected.  

Advantages of the method: 

- Time value of money (receipts and payments) is fully taken into account; 

- Sum of inflows and outflows can vary over the life of the project; 

- The full life of the investment is assessed; 

- Depreciation, taxes and grants can be considered; 

- Risk of future cash flows is considered (through the cost of capital).  

Although the method is regarded to be quite universal and use in various industries and 

businesses, it has its own drawbacks and number of assumptions when it is applied. One of main 

drawbacks of the methods is connected with comparison of different projects. The difficulties 

occurred when projects have different investments amount: larger projects require more money 

and should have a higher NPV, but this is not an indication that this project is more profitable than 

a smaller one. (Berkovitch, E., 2004) Another difficulty is comparing projects that have different 

life spans (e.g., comparison of project that produces positive cash flows for 5 years with project 

that generates it for 20 years), projections can be also upward biased. (Van Putten, A.B., 2008) In 

addition, the NPV method is not helpful to compare projects of different size, since results of 

calculation are in particular currency and the size of the NPV output is defined mostly by the size 

of investment. 

It also worth mentioning that NPV method has assumptions about cash flows, discount 

rates, predictability, etc., that are not always reflect the real situation, and as result it does not 

consider optionality of a project and cannot handle increases of uncertainty. When uncertainty 

rises it becomes difficult to calculate the discount rate and predict future cash flows. The method 

can also neglect potential benefits that project can have despite zero or negative NPV values. 

(Ragozzino, R., Reuer, J.J., Trigeorgis, L.2016) 

One more method to evaluate the profitability of a project as IRR Internal rate of return. 

The metric works as a discounting rate that equates NPV of cash flows to zero. 

 



                                                                                                                                                                                            
13 

𝑁𝑃𝑉 (𝐼𝑅𝑅) = ∑
𝐶𝐹𝑖

(1 + 𝐼𝑅𝑅)𝑖

𝑛

𝑖=0

= 0 

 

In contrast to the NPV method, it considers the project’s scale. It is the discounted cash 

flow analog to the accounting rates of return. Decision-making rule for IRR for independent 

projects is the following: 

- If the IRR > Cost of Capital → the project is accepted when the Internal rate of return 

exceeds the cost of capital; 

- If the IRR < Cost of Capital → when the Internal rate of return is less than cost of capital, 

the project should be rejected. (Damodaran, A., 2011) 

This method has advantages of the NPV but can be used in cases where the discount rate 

is unknown. There are also two drawbacks of the method: it cannot be computed or become almost 

meaningless when the initial investment is very small or more than one internal rate can exist and 

makes not clear which decision to choose (Brown, R.J., 2006). The IRR method does not recognize 

an investment’s magnitude when comparing mutually exclusive projects and ignores the project’s 

operational lifespan. In addition, it cannot be used in situations when the sign of project’s cash 

flow changes several times. In the last case modified rate of return can be used (Silva, J. L., 

Sobreiro, V. A., Kimura, H. 2018). 

 

1.1.2 Risk-management in project valuation. 

 

As it was already mentioned to understand which method of evaluation would be the most 

suitable for the project, characteristics and peculiarities of the project should be taken into account 

as well as conditions under which the project is going to be implemented. In this part terms of 

risks, theirs types and uncertainty are discussed. The approaches to consider risks that used as an 

addition to traditional project valuation methods and theirs disadvantages are also considered. 

Risks arise when a decision represents a number of possible outcomes and when known 

probabilities can be attached to the outcomes. Uncertainty occurs when there is more than one 

outcome, but the probability of each outcome is unknown. 

Uncertainty can be endogenous or exogenous, endogenous uncertainty arises from 

insufficiency of knowledge and can be handled actions of company. Exogenous uncertainties 

relate to the external environment and usually cannot be influenced by company’s actions but can 

become clearer over time. During making investment decisions company can face different types 
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of uncertainty. In the literature four main types of uncertainty are defined: demand uncertainty, 

technology uncertainty, macroeconomic uncertainty, partners uncertainty. All these types can also 

be divided by narrower and more specific measures, which are represented in the table below 

(Ipsmiller, E., Brouthers, K. D., Dikova, D. 2019): 

 

Table 1 

Types of uncertainty 

Type of uncertainty Example measures 

Demand uncertainty Industry uncertainty 

Stock exchange volatility 

Industry production volatility 

Industry demand volatility 

Technology uncertainty Perceived demand uncertainty 

Target industry experience  

Industry R&D intensity 

Perceived technology uncertainty 

Technical experience 

Technical knowledge 

Technical distance  

Macroeconomics uncertainty Self-employment experience  

Entrepreneurial experience 

Price volatility 

Country risk 

Exchange rate 

Institutional/Cultural 

Political 

Partner uncertainty Threat of opportunism 

 

Source: Ipsmiller, E., K.D. Brouthers, and D. Dikova. 2019. 25 Years of Real Option 

Empirical Research in Management. European Management Review 16 (1): 55–68. 

 

All risks can be divided into two types - known and unknown. The risks that are known 

can be analyzed, planned, and managed, but the risks that are unknown cannot be handled the same 

way. These risks can pose a serious threat to the successful implementation of projects, and the 
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possibility of their occurrence is often accepted as their consequences if the benefits of the project 

are more significant. (Keshk, M. A., Maarouf, I., Annany, Y., 2018) 

There is also another broad classification of risks in terms of occurrence frequency and the 

scope of impact. In terms of frequency systematic risk and specific risk are distinguished, the first 

means that company cannot influence the risk which is independent from it, in the second case risk 

is related to specific projects of a company. In terms of impact scope – there are fixed and variable 

risks. The fixed risk concerns the whole economic system, while variable is related to a company. 

(Szymański, P., 2017) 

In capital budgeting process, when every industry or business has its own risks during 

development and implementation of projects, risks can lead to change in plan of actions, 

sometimes in unpredictable way. Main types of such risks, common for different industries are the 

following: 

- Stand-alone risk; 

- Project-specific risk; 

- Corporate risk; 

- Market risk; 

- International risk; 

- Industry-specific risk. 

 

The purpose of risk management is to identify the risks and possible problems that they 

entail before they arise, and then develop a plan of measures and actions to prevent or reduce these 

impacts on the achievement of goals over the life of the product or project. Risk management is a 

continuous, prospective process that plays important role in business and technical management 

processes. Risk management is aimed to investigate issues that may endanger the achievement of 

critical objectives.  Regardless of the type of project, risk management includes three main phases- 

the risk identification, risk analysis and risk response: (Dinu, A.M., 2012) 

 

• Risk identification 

As already mentioned, there are known and unknown risks. The company can identify 

known risks and create a system of measures to manage them, identification of risks which are not 

recognized cannot be evaluated and dealt with, therefore comprehensive full risk coverage is 

unattainable, but the goal of risk management remains to cover as many risks as possible. 

Therefore, risk identification should be carried out both with regard to the future outlook and the 

progress of the project because not all risks can be identified before the project starts, some of 

them may additionally occur during the project implementation. Risk identification is performed 
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by drawing up checklists, organizing meetings for risk identification and analyzing archival 

documents. 

 

• Risk analysis 

The risk analysis consists in describing the situation in which these risks may arise as fully 

and comprehensively as possible and prioritizing these risks further taking into account the 

importance of these risks and their consequences for the project. After the risks are identified, they 

are investigated based on the probability of their occurrence and degree of influence on the project, 

a portfolio is compiled, and risk costs are assessed respectively for classification purposes. It is 

necessary to find criteria based on which individual risks can be compared with each other. The 

risk should be characterized as a damage or loss resulting in the event to which certain value can 

be allocated. After understanding costs and probabilities for such damages and losses, the value of 

corresponding risk can be assessed. For these purposes such methods as Monte Carlo simulation, 

decision trees can be used. 

 

• The risk response 

The risk response means control and active influence on the determined risks, measures to 

implement such control can be differentiated between cause-related and effect-related measures. 

It is assumed that cause-related measures help to avoid or reduce risks, while effect-related 

measures serve to reduce or protect against the amount of damage or loss expected in case of event 

which entail it. (Schieg, M., 2006) 

The phase of risks identification is the most important since without successful completion 

of this phase further analysis is not possible. After identification risks can be assessed with the use 

of qualitative and quantitative techniques. 

Qualitative analysis is used to determine the amount of risk and its potential impact on 

project execution. When all risks defined they are ranking according to the degree of this impact. 

Qualitative analysis addresses such issues as description of risk, stages of the project when risk 

may occur, elements of the project that could be affected, the way risk may influence the project 

outcomes (Smith, N., Merna, T., Jobling, P., 2006). 

Quantitative analysis means quantitative description of risks according to the probability 

of occurrence and determination the size of risks consequences usually in terms of financial value, 

time and others. For instance, it helps to define cost increase as an additional expenditure to the 

estimate of the final cost of the project, or time increase and project delays and corresponding 

costs, financial perspective of underperforming quality standards and specifications.  
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There are several main techniques of quantitative analysis to evaluate the risks: sensitivity 

analysis, scenario analysis, Monte-Carlo simulation, which are usually used with DCF analysis to 

trace the risks that the DCF method does not include. 

In sensitivity analysis, company looks at the consequences for value (and the investment 

decision) of changing one input at a time, holding all else constant. In scenario analysis, it 

examines the payoff to investing under the best and worst cases, as well as under specified 

scenarios. In simulations, it uses probability distributions for the inputs, rather than expected 

values, and derive probability distributions for the NPV and IRR (rather than one NPV and IRR). 

The idea of sensitivity analysis is that only one variable, that is being analyzed, is changed 

when a number of other variables remain constant. Sensitivity analysis is a financial model that 

determines how target variables are affected based on changes in other variables known as input 

variables. This model is also related to "what-if" or simulation analysis. This is the method to 

predict results of decision-making with a certain range of variables. In case of creating a set of 

variables an analyst can determine how changes in one variable influence the outcome. 

(Investopedia, 2020) 

 

Limitations of Sensitivity analysis: 

- The analysis of effects due to variations in one variable setting others constant may be not 

very effective since the variables can be interdependent. In practice variables are often 

interrelated and change together, e.g., changes in selling prices and expected sales volume 

are related. Another example of sensitivity analysis drawback is that margin increases 

while revenue growth is fixed, or interest rates decrease when inflation rate remains high 

and it may yield higher NPV for a project but has a low probability to happen.  

- The sensitivity analysis present outcomes for a range of values but does not provide any 

idea of the likelihood for these values to occur.  

- Losing sight of the objective: analysis implies generating many tables, graphs and numbers 

to consider uncertainty, but eventually sensitivity analysis should focus on key variables 

and outcomes should be selected and presented the way helpful for decision-making. 

- Sensitivity analysis may be subjective, since the same analysis may lead one decision-

maker to reject the project and other to accept depending on the risk preferences. (Brealey, 

R., 2011) 

- Sensitivity analysis is neither technique to measure risk nor to reduce, it does not provide 

any clear decision-making rule. 

- Double counting risk: during implementation of sensitivity analysis even profitable 

projects (with positive NPV and high IRR) if key variables move adversely. Using these 
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as criterion for rejecting such projects means potentially double-counting risk, because 

cash flows are discounted back at risk-adjusted rate to estimate the base scenario. 

 

Despite the existing limitations there are two good ways to use the model of sensitivity 

analysis. First, its results can be used as a criterion to choose between two equivalent projects in 

terms of base case net present value or IRR, the project with less sensitivity to changes in key 

variables is preferable. Second, the use of sensitivity analysis output to more efficiently manage 

both the operations and the risks of an investment in the post-acceptance phase. Hence, 

understanding that an investment is sensitive to change of material cost may lead to harsher policy 

related contract with supplier and keeping these costs under control. Also, the finding that a 

project’s value fluctuates because of change in rates may result in additional hedging of risks. 

(Damodaran, A., 2011) Nevertheless, sensitivity analysis helps to identify different variables that 

have an influence on the NPV of the project. It allows to define vulnerability or sensitivity of the 

project, showing where additional analysis must be implemented before the final selection of the 

project. This analysis is implemented at the beginning of a project and provides important 

information about points to which management should pay more attention and focus during the 

project. 

Scenario analysis is based on a singular what-if situation. The analysis takes into account 

a number of risk factors or variables, while at the same time considering the weakness, all other 

things being equal, of the sensitivity analysis. It requires an estimation of the best and worst 

outcomes of the key input variables. While in sensitivity analysis only one input variable is 

changed at a time and effect on the output (NPV, IRR, accounting returns) is examined, in scenario 

analysis several cases different from the base one, are outlined where many or all of the inputs can 

have different values and evaluate the project’s value under these scenarios. Generally, scenario 

analysis can have one of two forms: a best case/worst case analysis or an analysis of multiple 

possible scenarios. Based on mathematical and statistical methodology, it follows the principle of 

"what if" analysis and provides a process to estimate shifts in the value of a portfolio, based on the 

occurrence of different situations (scenarios).  An example of a typical scenario analysis situation 

would be a 10% increase in financial costs or a 10% decrease in profit and a 5% increase in 

construction costs. This form of analysis identifies where problems may occur since analysts use 

specific triggers connected with financial ratios to protect their interests. At the same time, scenario 

analysis is most suitable to deal with discrete risks or that which can be divided into discrete 

groups, e.g., it is more appropriate to analyze the risk that a competitor will introduce a product 

similar to your product than to look the risks of interest rate change in future periods. The most 
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significant disadvantage of the scenario analysis is the limited number of scenarios which can be 

derived and considered by an individual (Kaczmarzyk, J., 2019). 

A Monte Carlo simulation is an analytical technique that uses random numbers and 

probability distribution to investigate problems, which involve uncertainty. It is widely used in 

science and business. The method is applied to assess expected value or outcome of the problem 

under study. It has two main advantages: it can be used in case when it is difficult or impossible 

to directly solve for expected outcome; when the high degree of uncertainty exists related to final 

results – Monte-Carlo simulation provides expected range of outcomes. (Dhiensiri, N., 2014) It is 

a powerful analytical method which provides unbiased estimation, that is important in terms of 

NPV estimates to which bias or inaccuracy can influence. 

In comparison to sensitivity analysis, that allows to consider the effect of changing only 

one variable and scenario analysis that considers the effect of a limited number of plausible 

combinations of variables as well, Monte Carlo simulation is a tool for considering all possible 

combinations. It is able to capture not perfect correlation among variable, which scenario analysis 

cannot since it would mean that the best or worst case will take place for all variables at once. 

(Brealey, R., 2011) Although, using random numbers implies that all variables are independent of 

each other, and this is not the case in many projects. It is often true that variables are 

interdependent, an example might be is a delay in the design stage which cause to a delay in the 

construction of a project. Sometimes interdependent project variables are defined as correlated to 

overcome this assumption. 

In case when project’s risks are not discrete but sequential decision tree analysis is used 

(DTA). Traditionally this method was used to assess projects with uncertain cash flows when there 

is more than one decision path. DTA allows to investigate the risk at different stages and provide 

the response to results at each stage. Generally building the decision tree requires undertaking the 

following steps, although some details and sequences can vary depending on the case. 

The first step is to divide analysis into phases of risks that the project can be exposed in the 

future. On the second step probabilities of the outcomes should be estimated at each stage: after 

phases of analysis defined as well as outcomes at every stage – probabilities of these outcomes 

should be computed. During the third step decision points should be set. Analyst embeds in DTA 

decision criteria to for best action course, that based on the outcomes at earlier stages and 

expectations about future. On the forth step cash flows are computed for each node, the final cash 

flow outcomes are defined. The last step in DTA is termed “folding back” the tree, when values 

expected are calculated backward. And eventually the process outcome represents an expected 

value of an investment or an asset. 
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One of the benefits of the method is a dynamic response to risk - linking choices and actions 

to outcomes related to uncertain events DTA allows analysts to comprehend which course of 

actions is better to choose under different conditions and circumstances. Another benefit is 

connected to information value, DTA provides an important perspective regarding information in 

decision-making, e.g., company is considering testing market before developing a product. 

Moreover, decision trees provide an overview of the way cash flows unfold over time, which is 

useful to decide about the risks to be protected against and the benefits of these actions. (CFI 

Program curriculum, 2020)  

Decision tree approach yields incorrect results when it uses the same discount rate for the 

project cash. (Makropoulou, V., 2011) Moreover, in projects where it is necessary to consider 

several areas of uncertainty such as inflation, demand, regulation – conducting DTA becomes very 

complicated and not representative (Bailes, J. C., Nielsen, J. F., 2001). Decision trees are best 

suited for risk that is sequential, risks that affect an asset simultaneously cannot be simply modeled 

in a decision tree. 

Thus, the considered methods of risk assessment have their own specific advantages and 

disadvantages. In addition, none of these methods, except for DTA gives a course of action and 

simply provides an overview of the impact of risks on the components of the project. DTA is a 

rather complex method and it is not always possible to apply it correctly. This analysis allows to 

find bottlenecks and approach the last phase and decide whether to accept risk, mitigate it, or use 

other risk response strategies (Broeders, D., Loman, H., Toor, J. 2018). 

 

 

1.2 Real option approach in project valuation. 

 

1.2.1 Real option concept. 

 

Real option approach (ROA) or real option valuation method (ROV) is another technique 

applied in project assessment and follow-up decision-making. As an analogy to financial option, 

real option is a right, but not an obligation to undertake particular business activity: e.g. to defer, 

to abandon, expand, stage or contract an investment project. The fundamental and inalienable 

characteristics of real option investment that they made under uncertain conditions, irreversible 

and sequential (Dixit, A., Pindyck, R., 1994). 

Real option approach applies theory of financial options in analyzing real or physical 

assets, for this reason there are many similarities between financial and real options.  As financial 
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options, real options can be classified as call options or put options: which is respectively option 

to buy an asset and option to sell an asset. The feature that makes real options similar to financial 

options is a time to exercise like European option, real option can be exercised on a specific date, 

or like an American option can be exercised at any time before a set date. All types of real options 

have as a base an underlying asset and can be characterized by a permit to buy or sell the underlying 

asset at a fixed price. At the same time, it is necessary to understand the key differences between 

financial and real options, e.g., in case of financial option underlying asset could a stock or foreign 

currency, in case of real option asset can vary. These variables may include free cash flows, market 

demand, commodity prices, etc. – competition and market drive the value of real options. 

Moreover, real options are non-traded, that cause difference in calculation theirs value, and have 

longer maturity than financial ones (Carmichael, D. G. 2016). 

 

Table 2  

Analogies between financial options and real options 

Variable Financial option Real option 

S Stock price The present value of future cash flows generated 

by the asset 

K Exercise price Costs/expenses to buy an asset 

𝝈𝟐 Variance of stock 

returns 

Riskiness of the asset, variance of the best and 

worst-case scenario 

T Time to expiration Length of time option is viable 

r Risk-free rate of return Risk-free rate of return 

 

 Source: Carmichael, D. G. 2016. A cash flow view of real options.  Engineering Economist 61 

(4): 265–288.  

 

           Real option types might be classified as follows: 

- Single or plain (stand-alone) options. Usually examples of such options are option to 

expand or abandon, option to contract, option to switch, delay/defer, rainbow option.  

- Compound or combined (multiple plain) options (sequential, parallel, choice). Compound 

options can also have embedded options (dependent or independent). An option is 

considered independent when its value can be calculated independently of options and 

event occur which can occur with them. This independent option may have an effect on 
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another option’s cash flows, prevent the exercising of other option or be a prerequisite/ 

corequisite for it. 

This classification for plain and compound options is general, another important 

classification of real options can be made according to their function: (Chance, D.M., Pamela P. 

P., 2002) 

 

Table 3 

Types of real options 

Type of real option Description 

To abandon The option allows to stop using the asset and realize the salvage value 

Flexibility to switch The option allows to vary output or its mixes in meet to price or 

demand changes  

To enter and exit  The option allows to exit an investment and re-start if conditions 

become more favorable 

To defer/postpone The option allows to postpone investment until the time when 

investment is more profitable  

To stage investment  The option allows to make investment in sequence exercising the right 

to stop or continue the project as more information will be available 

Growth/expand The option allows to capitalize on an earlier investment, e.g.  in R&D, 

to start related investment projects 

Interacting options Represent interaction of several options 

 

Source: Chance, D.M., and P.P. Peterson. 2002. Real Options and Investment Valuation.  1738 The 

Research Foundation of the Association for Investment Management and Research (CFA Institute). 

 

Before starting to evaluate real option and apply it as an analytical tool, it is necessary to 

understand main prerequisites or requirements. The following requirements should be considered 

to implement the real option approach:    

- the real option approach requires financial model since it is based on use its discounted 

cash flows. Otherwise, it suggests that strategic decisions were made, and no financial 

justification is required;  

- there must a flexibility for decision-making by managers or opportunity to apply changes 

during the project realization. The real option approach cannot be used when there are no 

possibilities for changes or flexibility in managing the value; 

- uncertainty should exist, otherwise option is worthless, because the discounted cash flows 

model is sufficient in case everything is known beforehand;  
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- uncertainty must have influence on decision-making by company during the project 

implementation and the results of the financial model. In this case uncertainty is a risk and 

the real options model is the way to handle it to prevent a failure;  

- the decision-maker must be credible enough to determine an option at the proper moment. 

That suggests that options are only useful when they are identified at right time and 

conditions. (Mun, J., 2002). 

After the specified requirements are considered the real option can be evaluated. Although 

for evaluation of financial options there are numerous methodologies and approaches used to 

calculate value, the two basic and widely used are: The Black Scholes model and the binomial 

model based on the decision tree analysis. The choice depends on simplicity desired, available 

input data, and the validity of the method for a given application (Koducula, Papudesu, 2006). 

The Black-Scholes model is rather technically complicated, but simple in its basic 

structure, exact and quick. The model was created to assess options of European type, and this 

type cannot be exercised any other date than the maturity date and in case when underlying asset 

does not pay dividends. Another assumption of the model is that exercise of option does not 

influence the value of underlying asset.  

As it was already defined real options inherit the qualities of financial options and the 

Black-Scholes formula reflects this with input variables. The original formula to calculate the 

option price: 

 

𝑂𝑃 = 𝑆𝑁(𝑑1) − 𝑋𝑒−𝑟𝑡𝑁(𝑑2) 

where: 

                              𝑑1 =
ln(

𝑆

𝑋
)+(𝑟+

𝜎2

2
)𝑡

𝜎√𝑡
,        𝑑2 = 𝑑1 − 𝜎√𝑡. 

 

The input variables for the formula are: 

S – stock price (or price of an asset); 

X – strike price; 

r – current continuously compounded risk-free interest rate; 

σ – annual volatility of stock price (the standard deviation of the short-term returns over one year). 

t – time remaining until expiration, expressed as a percent of a year;  
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N(d) – standard normal cumulative distribution function; 

ln – natural logarithm; 

e – exponential function. 

Since this model has a number of assumptions, it may not always be applicable to all types 

of options, in reality, assets pay dividends, options may be exercised early, and its exercise can 

influence the value of the underlying asset. (Damodaran, A., 2012) Below is a list of restrictions 

for using this model:  

- the model considers European options (the option can be exercised only on the expiration 

day), in reality many options are of American type;  

- the model suggested the existence of only one source of uncertainty that affects the price 

of an underlying asset, in practice much more sources of uncertainty during the project 

realization are possible;  

- the model considers the certainty and stability of investment expenditure to realize a 

particular option;  

- the model suggests the logarithmic and normal distribution of the underlying asset value 

with a fixed level of variation; in real option case the value of a underlying asset may 

change; 

- the model is not proper to assess compound options or investments with a number of 

excluding options. (Dzyuma, U., 2012) 

These constraints reveal that the model is quite specific in nature and could have limited 

managerial flexibility in regard to particular real option types. It cannot precisely value options of 

American type which will be used further, when it is necessary to consider steps before an 

expiration to exercise the option. This peculiarity and other constraints lead to a need to investigate 

application of binomial model.  

The second approach to value options is binomial model. This is a discrete-time model 

which provides a solution to partial differential equations presented in the Black-Scholes model 

(Crundwell 2008). It can be used for various types of real options but independently from the kind 

of problem to solve, solution can be found by the use of two ways. The first one is to use market-

replicating portfolios, and the second – use risk-neutral probabilities. The way with replicating 

portfolio in more difficult for comprehension and implementation in comparison to the one with 

risk-neutral probabilities, although both provide identical results. 

The idea of market-replicating portfolio implies that on the market there are no arbitrage 

opportunities and the number of assets traded exist can be obtained to replicate the existing payout 

profile of an asset. This approach makes sense for analysis of financial securities when stocks are 
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liquid and can be freely traded. When we analyze a firm-specific projects with real options based 

on a physical asset, it becomes very hard to replicate this asset which can have no tradable 

equivalents and the mathematics for replicating portfolios is also more difficult for application. 

The aim of the method is to create a replicating portfolio. It is made using a combination 

of risk-free borrowing rate and the underlying asset to create the same cash flows as the option has 

being valued. The value of the option and the value of the replicating portfolio should be equal, so 

the arbitrage principles are applicable here. 

Regarding the formulation above, when stock prices can either move up to Su or down to 

Sd in any time period, the replicating portfolio for a call with strike price K will involve borrowing 

$B and acquiring D of the underlying asset, where:  

 

𝐷 = (𝐶𝑢 − 𝐶𝑑)/(𝑆𝑢 − 𝑆𝑑) 

 

D - number of units of the underlying asset bought;  

Cu - value of the call if the stock price when Su -stock price; 

Cd - value of the call when Sd is the stock price. 

The assessment should proceed iteratively in case of a multi-period, i.e., start with the last 

time period and move backwards to the current point in time. The portfolios which replicate the 

option are calculated at each step and provide the option values for corresponding time period. The 

final result of the binomial model provides the option value in terms of the replicating portfolio, 

composed of the underlying asset, D shares (option delta) and risk-free borrowing/lending. 

(Damodaran, A., 2005) 

In the risk-neutral probability approach the probabilities of particular cash flows to occur 

at definite times are calculated with risk-adjusted instead of risky cash flows by discounting them 

with risk-adjusted discount rate.  For this model two additional calculations should be made: the 

up and down factors (u and d) as well as a risk-neutral probability measure (p). Here is the formula 

for application risk-neutral approach. Independently from the type of problem, the basic structure 

has the fallowing way: 

 

                         𝑢 = 𝑒𝜎∗√𝑡  ;          𝑑 =
1

𝑢
  ;         𝑝 =

𝑟𝑓−𝑑

𝑢−𝑑
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The input variables are the following: 

S – present value of underlying asset; 

t - time to expiration in years; 

σ - volatility of the natural logarithm of the underlying free cash flow returns in percent; 

rf - risk-free rate or the rate of return on a riskless asset; 

u – upward jump factor; 

d – downward jump factor; 

p – risk-neutral probability. 

The up factor in the formula is an exponential function of the cash flow volatility multiplied 

by the square root of time steps, that are annual in given case. Then it is necessary to define risk-

neutral probability. It can be calculated as a ratio of the exponential function of the difference 

between risk-free rate and downward factor, to the difference between the up and downward 

factors (Smith, J. M., Driver, R., Matthews, W. 2018). 

Below the example of binomial lattice of the underlying asset value is provided, it involves 

two branches forward in time for each node, the way that nodes conjoint from two previous nodes.  

It starts from the present value of the underlying asset at time zero (S0), then it is multiplied by 

the upward (u) and downward (d) factors to build a binomial lattice branches, the intermediate 

branches are all recombining. 

 

 

Graph 1. Example of binomial tree 
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Source: Smith, J. M., R. Driver, and W. Matthews. 2018. The Real Options Lattice: An Alternative 

to Discounted Cash Flow. Journal of Accounting & Finance (2158-3625), 18(7): 119–129. 

 

The real option approach as well as other approaches has some limitations. Contrary to the 

financial options, real options can be not liquid and non-traded in organized markets that can lead 

to challenges of information asymmetry and some unclarity in their terms specification.  Another 

limitation is related to the net present value analysis whether there is uncertainty and irreversibility, 

if the last high – than real option approach provide the better analysis of the investments’ value, 

than calculation of net present value, since it is unable to capture the value of delaying 

commitments and is not accounted for other flexibility. Otherwise, when level of uncertainty is 

low, and everything could be planned, the ROA is useless, and preference should be given to DCF 

approach (Trigeorgis, L., Reuer, J. J. 2017). 

Moreover, some assumptions, e.g. about abandonment flexibility, during real option 

approach if wrong, can lead to destroy of the projects value. It can happen when net present value 

shows that project should be rejected, but ROA reveals the contrary situation. Another limitation 

is connected with investment stages. In case of tradable assets, company has no opportunity to 

resolve the uncertainty, but it can be specified at the time of the initial investment. In case with 

real options, which is linked to company’s actions, it is hard to make clear difference between 

investment stages and the application of real options becomes more challenging in analytical and 

organizational terms. (Adner, R., Levinthal, D. 2005) 

 

1.2.2 Drawbacks of NPV methodology in comparison with real option approach  

 

The discounted cash flow approach to assess the projects is one of the widely spread and 

important method for analysis in capital investment and has a lot of advantages that were 

considered in the first chapter, but the choice of the evaluation method should be based on project 

characteristics and the level of uncertainty during the implementation of the project. The real 

option approach main proposition is that a firm’s overall value will increase if real options are 

introduced in managerial decision making. It occurs du to flexibility the real option approach 

provides and disadvantages that NPV model connected to its assumptions, that do not reflect the 

realities of the situation when investment takes place (Pivoriene, A. 2017). 

The first assumption is that decisions are made at the present moment without further 

changes and cash flows are defined and fixed for the future period. In reality, there is a great share 

of uncertainty and variability in future results that may not be the same that proposed ones. 
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Furthermore, not all the decisions are made today, some decisions can be postponed to the future 

when obtaining of more information is possible to resolve some existing uncertainty.  

Another assumption is related to previous one and tells that projects being launched are 

then managed passively, when in real life the situation is the contrary – projects may require active 

management through its life cycle, what can include checkpoints, decision options, budget 

constraints, etc. Future cash flows are also very difficult to forecast, since they are stochastic and 

risky in nature. In the NPV approach future cash flow streams are deterministic.  

The discount rate used for calculations of the projects NPV represents the opportunity cost 

of capital, that is proportional to non-diversifiable risk. There are a lot of risks in the business 

environment with various characteristics and some can be diversified across projects or time. It is 

also supposed that discount rate incorporates all risks, although the project risks can change during 

its course. The situation with unknown and intangible factors leads to missing opportunities by a 

company since they are valued as zero in NPV analysis.  

It is also worth mentioning that in reality companies can be viewed as portfolios of projects 

and their cash flows and sometimes these projects cannot be evaluated as separate cash flows, 

because they can include network effects, diversification, interdependencies, and synergy. Which 

also contradicts the model's assumptions. Thus, due to the complexity of a project, its externalities 

it can be complicated or impossible to measure all factors in terms of incremental cash flows. 

All these assumptions versus reality show that NPV approach only partially considers risks, 

not sufficiently appropriate to provide valuation in case of high uncertainty and has a limited 

managerial flexibility available in many investments, when such decisions as project 

abandonment, delays, or expansions and others are possible and more beneficial. Real options 

valuation provides a method of incorporating managerial flexibility into investment decisions, 

when NPV approach tends to underestimate investments’ value, the importance of real option 

arises (Mun, J. 2002). 

Evaluation of real options does not displace traditional methods since the discounted cash 

flow method provides the base for real option analysis. However, but main idea of real option 

approach is to show that the value of the investment can extend beyond its value in comparison to 

results provided by traditional method and the projects value is increased by the value of its 

options. Because of real options are suppoded to be strategic decisions, obtained as result of such 

analysis adjusted NPV is called a strategic NPV and represents the sum of the traditional NPV, 

which is called the static NPV, and the value added of the option analysis (Larabee, D.T, 2013). 
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CHAPTER 2. INVESTMENT VALUATION IN REAL ESTATE 

INDUSTRY. 

 

2.1 Risks and uncertainty in real estate industry. 

 

In construction projects there are usually a large number of activities and events, which can 

contain uncertainties due to lack of resources or data. These projects should be commissioned only 

after a thorough analysis of the need and risks perceived. Failure to assess the risks associated with 

a project may lead to problems during the adoption of a contract strategy which in turn could be 

not best devised to meet requirements of the project and provide an equitable allocation of the 

identified risks. 

Construction industry has several phases: pre-feasibility, feasibility, design, 

contract/procurement, implementation, commissioning, handover and operation. With each phase 

its own specific type of risks is corresponded. Project risks are dynamic, they can change 

continuously, a risk assessment must be carried out at the end of each phase prior to proceeding to 

the next phase. 

These risks can be divided by such criteria as logistic, management, finance, legal issues, 

etc., and corresponding sub-criteria, depicted in the table below (Makwana, A., Dr. Pitroda, J., 

2017): 

 

Table 4 

 

Classification of risks 

Criteria  Criteria  

Technical 

risk 
- Incomplete/defective 

design, design errors 

- Inappropriate specification 

- Design changes 

- Uncertainty of material 

available 

- Construction methods 

- Defective materials 

Financial risk - Inadequate cost estimate 

- Delayed payment on 

contract 

- Custom and import 

restriction 

- Constraints on availability 

of expatriate staff 

Logistical 

risk 
- Insufficiency of 

transportation facility 

- Non-availability of 

maintenance 

- Insufficiency of equipment 

availability 

- Non-availability of 

operators 

Legal risk - Requirement or delay for 

permits and approval 

- Change in laws and 

regulations 

- Political instability 

- Labor disputes 

- Environment regulation 

procedures  
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- Difficulty to assess the site  

Management 

related risk 
- Unstable management 

- Uncertain productivity 

- Problematic industrial 

relation 

- Poor communication 

between involved parties 

- Lack of scope of work 

definition 

- Poor project planning and 

control 

 

Common 

source risk 
- Weather implications 

- Change in project 

requirement  

- Inefficiency of skilled staff 

- Unfamiliarity with local 

conditions 

- Inappropriate scheduling/ 

time constraints 

 

Environment 

risk/market 
- Economic instability 

- Fluctuation in foreign 

exchange 

- Payment delay/client’s 

financial failure  

- Local taxes 

- Inflation, price fluctuation 

- Contractor competence 

- Financial default of 

contractor 

Other risks - Natural 

disaster/Environmental 

hazards of the project 

- Accidents/safety 

- Damage to equipment 

- Damage to structure 

- Force majeure 

 

Source:  Bahamid, R.A., and M.A. Al-Sharaf. 2019. Risk factors affecting the construction projects 

in the developing countries. IOP Conference Series: Earth and Environmental Science 244 (1), 

012042. 

 

Risks may also change during a phase. Should this be significant then a complete re-

appraisal may need to be performed. On long duration projects where the phases themselves may 

span several months or even years, regular risk assessments and updates must be carried out. This 

is an essential prerequisite of efficient management and effective decision making. In addition, to 

the parties involved changing as the phases change, the nature of the risk itself changes. At the 

earlier stages the range of possible options is very broad. It is important to recognize that one 

option to achieve the objective may be to carry out what is, in engineering terms, a different 

project. Any transition must be managed to ensure that the changes to the engineering are reflected 

in the estimates, programs and business case. 

During the implementation phase the range of risks narrows still further to those associated 

with the procurement, manufacture and delivery of materials and site construction activities. 

It is important to realize that each phase will contain a number of key assumptions, which 

are made to allow the project to continue. As the project progresses firm information will be 

available to replace these assumptions. Sometimes this information will be different from the 

original assumption, which it supplants. It is important then to reassess the project and see if this 

changes fundamentally the basis for the previous work and also what impact this could have upon 

the future development of the project. From time to time completely new risks may arise. However, 

https://iopscience.iop.org/journal/1755-1315
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risks should diminish as the project progresses. It is necessary to ensure that risks, which have not 

occurred and can no longer occur, are removed from future assessments and analyses and are also 

removed from registers and reports, to assist in managing risks. (Smith, N., Merna, T., Jobling, P., 

2006) 

It also worth to mention, that real estate industry has particular uncertainties connected 

with price dynamics and demand. 

The dynamics of private real estate markets include other elements, in addition to some 

degree of RW‐type influence. This is for many reasons:  

Real estate markets trade unique whole assets (rather than small homogeneous shares). For 

example, while one barrel of oil is the same as the next, an apartment with a given floor plan on 

the third floor facing north is not equivalent to an otherwise identical apartment on the twentieth 

floor of the same building, facing south with an ocean view. Such differences make it difficult to 

infer the value of a real estate asset from the prices observed in other transactions.  

As a result, real estate markets do not process information as efficiently as major public 

stock exchanges. This makes real estate prices more sluggish or “sticky” than publicly traded stock 

prices.  

Also, the preceding points cause real estate prices to exhibit some inertia, or 

“autoregression.” This means that the return in one year partly reflects the return in the previous 

year, such that the process is not completely memoryless. News in one period partly gets reflected 

in the returns in subsequent periods.  

Moreover, real estate prices seem to follow a relatively long and prominent pricing cycle, 

down markets following up markets, with perhaps as much as ±30% or more in price level 

amplitude around the long‐run trend. This is called “cyclicality.”  

There is typically less uncertainty about future construction costs than about future real 

estate values. In most countries, the “price elasticity” of supply of construction goods and services, 

which consists largely of labor and materials, is quite high at any time. 

Demand in real estate also has a great portion of uncertainty since it is influenced by a great 

number of factors such as level of incomes, inflation, mortgage rates, competition, political and 

economic situation on the whole, etc. and tightly connected with the prices (Geltner, D., De 

Neufville, R., 2018) 
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2.2 Residential real estate market analysis 

 

The Russian residential real estate market includes many risks and uncertainties, this part 

examines the Russian residential real estate market and the factors that affect it. The current market 

situation, risk factors, and possible trends are described. The market of Saint Petersburg is 

considered, as further analysis is carried out on the project of a developer company in Saint 

Petersburg. 

The residential real estate segment remains a priority investment area in construction. 

Developer companies do not plan not to enter the markets of other segments, nor to change their 

business profile, and the analysis also showed that the most commercially interesting class for 

development is comfort class. At the same time, the residential real estate market is one of the 

most difficult to participate in due to high barriers to entry due to difficulties with financing. 

Main factors that influence the industry in Russia and can be of the greatest importance in 

2020 are: changing the financing conditions, reduction of real income of the population, increase 

in material prices/cost of production, strengthening competitors, excessive regulation, imperfect 

legislation, lack of qualified workers, market conditions change too quickly (PWC, 2020).  

 

Graph 2. Risks that can have significant impact on real estate industry in 2020 

Source: PWC 2020. Real estate 2020: Building the future. https://www.pwc.com/sg/en/real-

estate/assets/pwc-real-estate-2020-building-the-future.pdf (accessed April 25, 2020) 

Among the most important risks are reduction of real income of the population, over-

regulation and change financing conditions. Expectations about reduce of real income of the 

population is reasonable due to the fact that the decline in the indicator has continued since 2014, 
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and according to the results of the analysis of the first half of 2019, the annual decline was 1.3%, 

and the indicator of real wages increased by less than 2%, which is less than the rate of inflation 

growth. Among the reasons for the decline in real income, there is an increase in interest payments 

on loans and consumer prices (Rosstat, 2020). Also, possible reasons could be a decrease in 

demand for labor and a general slowdown in the economy. 

In 2019, the Central Bank's key rate was lowered. It was also expected that by the end of 

2020 there will be a new reduction to 6%, which occurred earlier, today the rate is 6% (April 

2020). Immediately after the reduction of the key rate, many banks started lowering mortgage rates 

and interest rates on consumer loans. 

Also, according to Rosstat data the annual inflation rate shows active decline in recent 

years. The inflation rate fell from 4.3% in 2018 to 3% at the end of 2019. In March 2020, the 

inflation rate in Russia was 2.55% (on an annual basis, for the last 12 months), which is 0.23 more 

than the month before. 

  

Graph 3. Dynamics of wages and disposable income in real terms, consumer price index 2014-

2019 

Source: Rosstat 2020. https://www.gks.ru/labor_market_employment_salaries?print=1 (accessed 

April 10, 2020) 

 

 

https://www.gks.ru/labor_market_employment_salaries?print=1
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Graph 4. Level of inflation in Russia.  

Source: Inflation in Russia 2020. https://www.statbureau.org/ru/russia/inflation (accessed April 

10, 2020) 

Financing of development projects and investment activities in the real estate segment 

continues to be the most important issue for market players. Among the main points-sources of 

funding, the proportion of funds, interest rates, rules and work of the industry system.  

In the summer of 2019, developers switched to project financing – a new model for 

financing residential construction projects. The purpose of the innovations is to minimize the risks 

of buyers of apartments under construction, provide certain guarantees for the safety of funds paid 

by individuals who purchase housing at the construction stage, increase requirements for 

developers and control operations involving the funds of shareholders. Among the main issues in 

the transition of developers to a new financing scheme – how will the prices of offers and the 

prices of transactions develop in the future, how will the cost of the investment budget change and 

whether it will be possible to achieve the original goals of entering project financing. 

At the beginning of the year before the pandemic, there was forecasts that escrow accounts 

in the medium term, taking into account the factors of project financing, the level of population's 

solvency and the level of competition between projects should lead to an increase in residential 

real estate prices. Growth was predicted in the range of 5-10% as in last two years. Analysis of the 

data from 2015-2020 showed the following volatility of prices in Saint-Petersburg for residential 

real estate on the primary market (Bn.ru Saint-Petersburg, 2020):  

Table 5 

Price changes for residential real estate in Saint-Petersburg, % 

Time period 2016 2017 2018 2019 2020 

Price change % Less +1% -1% +2% +7% +10% 

https://www.statbureau.org/ru/russia/inflation
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Source: Real estate in Saint Petersburg and the Leningrad region analytics. 

https://www.bn.ru/analytics/ (accessed May 28, 2020). 

There was also an opinion, that the price growth of transactions will not happen, the reason 

is possible decline in a demand for residential real estate. The demand for buying a home using a 

mortgage tool directly depends on the level of mortgage rates. From 2015 to 2018, there was an 

increase in the mortgage market, in 2019 continued growth was also expected, but there was a 

decrease. In 2020, the Russian mortgage market may be under pressure against the backdrop of 

slowing economic growth and inflationary risks due to falling oil prices and the coronavirus 

pandemic (RBC, 2020). In this situation, experts suggest scenarios, which include both the growth 

of the mortgage portfolio with a decrease in rates, and a significant decrease in mortgage issuance 

with the growth of inflation and rates. In addition, investment demand for real estate as a means 

of saving increased at the beginning of the year, for Saint Petersburg, this growth spurt was 30%. 

.  

 

Graph 5. Volumes of mortgage loans in Russia.  

Source: RA Expert 2020. https://www.raexpert.ru/releases/2020/feb20d (accessed April 12, 2020) 

The most likely scenarios for development, according to most industry experts, are now a 

further 10% drop in prices (RBC, 2020). Whether this drop is short-term will depend on the further 

situation with the pandemic, the cost of the ruble, the situation with revenues and further 

government policy. There is also a contrary opinion that the policy of banks, escrow accounts, the 

increase in the cost of materials and the departure of some developers from the market will 

https://www.raexpert.ru/releases/2020/feb20d
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contribute to price growth. Thus, taking into account all the factors, we can conclude that the future 

situation is quite uncertain. 

Residential real estate market of Saint Petersburg 

There is a primary and secondary real estate market, and there is also segmentation by 

property class- there are four classes of residential real estate: comfort class, standard, business-

class, elite class. Comfort class constitutes the major part of market taking more than 50% of the 

whole structure, next comes business and standard class. At the same time, there is a growing trend 

in demand for comfort-class housing and a reduction in demand for more expensive housing such 

as business class. 

The price of a meter of residential real estate depends directly on the class. The average 

price of the comfort segment in St. Petersburg at the end of 2019 is 121.9 thousand rubles per 

square meter, in the suburbs — 86 thousand rubles. In business class, the average price was 183.3 

thousand rubles per square meter. The dynamics of average prices over the past 10 years for the 

primary and secondary markets is shown on the chart, the average price was about 126 thousand 

rubles. 

 

Graph 6. Price dynamics for residential real estate in Saint-Petersburg 2015-2020 

Source: Dynamics of prices in the primary real estate market by types of houses in Saint 

Petersburg. https://www.emls.ru/stat/index/?module=base-stat-index& (accessed May 19, 2020). 

 

According to the unified register of developers, today the residential real estate market is 

represented by more than 100 developers. The leaders in the number of introduced housing are 

“LSR”, “Etalon”, “Setl Group”, “Leader”, “CDS”. There are also many small companies on the 

market, according to experts ' forecasts, after the introduction of escrow accounts, some small 
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companies are expected to leave the market, and there will also be consolidation with bigger 

companies due to the need for sufficient funds to finance the initial stage of the project. In this 

situation the emergence of new companies on the market seems to be unlikely. Moreover, the 

industry as a whole has quite high barriers, except finance, to enter the market related to legislation 

and administrative issues. 

 

2.3 Real options in real estate industry 

 

In the previous parts of this сhapter the risks and uncertainties inherent in the residential 

real estate industry we discussed. They show that there are a lot of risks in this industry and their 

sources are very diverse and include risks related to the technical side, logistics, finance, market, 

and so on, which also depends on the construction phase. Moreover, the industry initially stands 

out with a fairly high degree of uncertainty, primarily related to prices and demand in the market. 

Analysis of the current situation in the Russian residential real estate market also showed 

that much of the market at the moment is quite uncertain. Experts provide various options for 

market development in the near future. Prices and demand can behave quite unpredictably. On the 

one hand, the population's income and purchasing power are expected to fall further, on the other 

hand, there is a possibility of a tendency to maintain existing savings by investing in real estate. 

In addition, the refinancing rate it is expected to be reduced and, accordingly, there should be a 

reduction in mortgage lending rates, that can stimulate demand. The answers to these questions 

also remain rather vague. The main part of the analysis and calculations will be devoted to these 

problems. Risks related to logistics, technical side, infrastructure and so on will not be considered 

so may require other methods of assessment related primarily to engineering and construction 

knowledge. 

Given the above, it becomes obvious that using only the discounted cash flow method may 

not be enough as well as traditional methods of risk-management since the company's strategy 

based on this method will be fixed without the possibility of changes, which may not only cause 

lost profits, but also complete collapse. The real options method is more flexible and can help you 

solve these issues. Under these conditions, the firm can try to maximize profits or abandon the 

project if it becomes completely unprofitable. 

In the field of residential real estate construction there are the following real options: 

- Growth/expand option. It can be implemented through additional investments in the future, 

construction of additional space on the site or adjacent areas, and subsequent phases/phases 

of the project; 
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- Flexibility to switch option. This option provides the possibility, if there is such a need in 

the future, to re-equip the building with a change in its functional use. Or changing the type 

of construction, for example, from residential to commercial; 

- Option to postpone. In case when such course of action is necessary, this option provides 

an opportunity to delay the implementation of the project and redistribute expenditures 

over time or prolongate the project this way; 

- Option to abandon the project or reduce the scale. In this case company has an opportunity 

to sell the whole project or its part in case of a negative market situation or any other 

changes, stop the project and exit from it;  

- Staged investment option. Option for phasing the project also means the ability to 

implement the project in sequences and gradually enter the market after obtaining more 

information or experience of implementation at earlier stages (Morozova, E., 2009). 

Options to abandon or defer a project are usually connected with risks of price fluctuations 

or rising costs, options to expand – with risks of demand fluctuation and competitor’s activity, 

options to switch and stage – with risks of changing market requirements (Gracheva, M.V., 

Petreneva, E.A., 2016). 

This list of real options for the construction sector is quite general, since not all of them 

can be applied to a specific market in a particular country due to a number of factors related mainly 

to the legal framework. Thus, the use of options for expansion or switching to another type of 

construction will be difficult or even impossible.  In this case company will need to by another 

land plot, and there is no guarantee that it would be possible to buy it at the same place and expand 

given project. The cost of the land can also differ, demand for residential real estate in another part 

of the city could differ, other peculiarities could exist, that can make it another project. Moreover, 

a large number of regulatory documents, legal issues, the need to obtain permits, and a very long 

time to coordinate these issues concerning urban planning regulations are required in case of 

growth/expand option. The urban planning regulations include limitations regarding location, area, 

cadastral number of the plot; types of permission to use the site (conditionally permitted, main, 

auxiliary); requirements for the intended purpose, parameters and placement of the capital 

construction object on the specified land plot. All this in turn can require large financial costs 

which makes the use of such options completely uneconomical. 

A fairly similar situation exists in the case of an option to switch. From the one hand, the 

ability of the project to repurpose real estate objects when the demand for another category of real 

estate changes can help to obtain additional positive effects or reduce the scale of losses. But in 

this case company again will need to face regulations, necessity to approve the changes in the 

project, spend a lot of time and additional money. Furthermore, in this research the case of 
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residential real estate is investigated, and such type of an option can be applicable before or early 

stages of construction works, later it may be not possible to change it to commercial estate that 

format which can meet the demand or would require complete reconstruction and new significant 

expenditures either. The option to stage will not be considered for the same reasons.  

If we talk about the option to postpone the terms of construction periods and 

commissioning of objects, then in the new conditions with escrow accounts, this also seems 

unlikely. The new law aimed at fighting developers who delay construction does not allow you to 

benefit from delays. Developers have to take out a loan and pay interest on a monthly basis. They 

only receive sales proceeds after transferring the rights to the object. In this case, the loan is issued 

for a certain period and if the developer does not finish construction by this time, the buyer has the 

right to return the money, and the bank can cancel the contract and collect penalties or construction 

as collateral. Although this type of real option can be applied before the company starts the 

construction works and obtain a loan through escrow accounts. This case implies that company 

already bought a land plot and wait to obtain more information to start the project. Company also 

can bare costs connected with taxes for land, but future benefits may exceed these costs. If the 

current environment will become more favorable, or forecasts and overall conditions will propose 

it, project can be started. In case when conditions continue to be bot beneficial company can wait 

further (Targel, K.S., 2015). In case of 2020 and pandemic situation for company may be 

preferable to wait to understand how situation on the market will develop.   

Another option – option to abandon, which is exercised when savings from abandonment 

outweigh the future revenues, which may exist without such an option (Carmichael, D. G. 2016). 

An example for real estate industry can be stopping a project and selling a land plot. Exercising of 

this option can be crucial if the real situation goes according to a negative scenario, the company 

can at least avoid losses or reduce them. Abandonment can occur at any stage of the project, but 

detailed analysis is necessary to understand at which stage it would be more beneficial, since the 

construction costs are not uniform all along the project duration and at particular stages the sum 

can overcome the price of the land.  

In the view of the above, the types of options that will be considered in the given work are 

option to postpone the beginning of the construction work and option to abandon the project, when 

developer stops construction works and sell the land plot. As it was mentioned above, both of these 

options are connected with risk of strong price fluctuations and rise of costs, that according to 

present situation and forecasts are significant and most important related to the market situation. 

Moreover, to find ways for profit maximization, options to sell apartments with a different pace at 

different stages will be investigated to find at what moment, which stage of construction work 

completeness it would be more profitable.  
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CHAPTER 3. Investment project valuation. Real case of Russian company. 

3.1 Description of a project.  

 

In the master thesis work real data of the project for the construction of residential real 

estate will be used. Data were provided by the Saint Petersburg developer company, the name of 

the company and specific details about location of the construction cannot be disclosed. The data 

includes information about the budget, technical indicators of the project, project implementation 

period, resource allocation, base prices, etc. All information is in Russian rubles. 

The project considers the construction of a residential building "Comfort" class with a 

selling area of 18450 sq. m. (apartments and built-in attached premises), consisting of 2 buildings 

with built-in attached premises on the first floor, Parking in the stylobate (building 1) for 183 

Parking spaces and Parking in the basement (building 2) for 14 cars. The total land area constitutes 

10,515 sq. m. The total, usable and average area for all type of premises realized within the project 

is given below. The apartment area for a sale is a usable area only. The availability of Parking 

spaces in the Parking lot is 1 Parking space per 90.5 sq. m. of the sold areas of apartments. 

 

Table 6 

Technical and economic indicators of the project 
 

Total S, 

sq. m. 

Usable S, 

sq. m. 

Quantity, 

number. 

Average S, 

sq. m. 

apartments 24 193 17 836 363 49 

built-in attached premises 878 614 8 77 

technical room 1 050 
   

parking 6 485 
 

197 
 

total 32 606 18 450 568 
 

 

According to the data provided the project start is planned in March 2020, the total project 

duration is 90 months with several stages of implementation: predevelopment, obtaining a building 

permission, demolition, building, sales. All the stages have a different duration as well and start at 

different time, the more detailed information is in the table below: 

Table 7 

Project implementation period 

Stage Start Completion Duration, month 

Pre-development, incl.: mar.20 dec.21 21 

obtaining a construction permit dec.21 dec.21 0 

demolition dec.21 mar.22 3 

Building, incl. mar.22 mar.25 36 
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Sheet piling mar.22 jun.22 3 

construction and installation 

works 

jun.22 jun.25 33 

Sales mar.22 sep.27 66 

apartments mar.22 mar.26 48 

built-in attached premises may.22 mar.26 46 

parking mar.23 sep.27 54 

Project implementation period mar.20 sep.27 91 

 

The pre-development stage requires 21 months and includes market analysis, search and 

purchase of a suitable land plot, expertise and geodesy, development and evaluation of the project. 

At the end of this period the company is to obtain a construction permit and only after that it can 

get a bank loan for further works and starting sales.  

Sales start dates are calculated as follows: 

- Sales of apartments begin 3 months after obtaining a construction permit; 

- Sales of built-in attached premises start 2 months after the start of the sale of apartments, 

the schedule is provided. 

- Sales of Parking spaces begin 12 months after the start of sales of apartments, the schedule 

is provided. 

Construction start dates are calculated as follows: 

- The beginning of construction (sheet piling, excavation, etc.) is equal to the beginning of 

sales, namely, it begins 3 months after receiving the construction permit. 

- In the first 3 months after receiving the construction permit, it is allowed to carry out works 

on demolition, fence installation and other works. 

For the calculation of sales company uses basic prices (current sales prices as of December 

2019) with regard of increase in next periods. The basic price por apartments is 155 000 rub/sq.m., 

built-in attached premises 100 000 rub. /sq.m., parking -750 000 rub. /sq.m. 

The following increase in sales prices depending on the forecast growth of the market and 

on the construction readiness of objects is used in calculations: 

Table 8 

Forecast growth in sales prices 

Period The increase in sales prices 

apartments parking built-in attached 

premises 

2019  0% 0% 0% 

2020  3,9% 0% 0% 

2021  4,0% 4,0% 0% 
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2022  4,2% 4,2% 0% 

2023  > 4,0% 4,0% 0% 

 

It is also necessary to mention that increase 10% in construction readiness is taken into 

account in the starting price, and is not applied in the model at stages, which include for Comfort 

class 0th cycle, ½ box stage, the box completed, commissioning.  

Proceeds from the sale of apartments are made for 4 months after receiving the construction 

permit (1 month after the start of sales), this is due to the electronic registration of the first the 

equity participation agreement and registration of the project declaration in the construction 

Committee. 

The pace of sales is also provided and implies that it is constant during the project 

implementation.  

Table 9 

The underlying pace of sales 
 

The underlying pace of sales 

sq. m. per month pieces. per month. 

appartments 412 8 

built-in attached premises   0-1 

parking   3-4 

 

The formation of the expenditure part of the project with all stages of construction works and 

related expenditures is also provided.  

Table 10 

The budget of the project 
 

sum, rub. Per sq. m. 

sel. S, rub. 

structure, 

% 

outflows -3 040 534 405 -164 799 100% 

Preproduction -692 975 873 -37 560 23% 

Acquisition of land -427 370 103 -23 164 14% 

Infrastructure charges -247 605 770 -13 420 8% 

Pre-development -18 000 000 -976 1% 

Production -1 757 439 073 -95 254 58% 

Design and survey work -66 018 527 -3 578 2% 

Demolition -2 607 199 -141 0% 

Sheet piling (including extraction) -24 796 243 -1 344 1% 

construction and installation work of a residential 

building 

-1 518 967 075 -82 329 50% 

Outdoor networks -145 050 029 -7 862 5% 

Non-production -175 808 529 -9 529 6% 

Advertising expenses -86 755 029 -4 702 3% 

Agency expenses -76 344 426 -4 138 3% 

Transfer of an object to shareholders -7 986 000 -433 0% 

The cost of operation -4 723 074 -256 0% 
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Overhead -97 818 000 -5 302 3% 

Land tax -3 325 127 -180 0% 

Wealth tax -1 442 804 -78 0% 

Interest on loan -204 308 310 -11 074 7% 

Profit tax -107 416 690 -5 822 4% 

 

3.2 DCF analysis of the project 

 

The data provided is sufficient to build the DCF and find present value of the project and 

use it for further analysis with real option approach.  

The horizon for the DCF model is the whole duration of the project – 90 months as 

company defined it with the assumption of sale the all constructed premises (apartments, parking, 

built-attached premises) till the end of 90th month. Cash flows are forecasted monthly.  The 

discount rate accepted in the company is 20%. 

Cash outflows. 

The land plot is bought at the beginning of the project and the amount of expenses is made 

at one time. The remaining pre-production costs, which include deductions for infrastructure and 

pre-development, are distributed evenly from the beginning of the project until December 2021, 

in which month the company receives a construction permit. The total amount of expenses at this 

stage is 692 975 873 rubles. 

Then at the production stage company first carries out design and survey work several 

months before the start of construction as well as demolition to prepare the land for works, that 

takes 3 months with amount of costs respectively 66 018 527 and 2 607 199 rubles. Then the piling 

is conducted (a construction stage that helps to stabilize the soil, which is in a soft uncompacted 

state to protect the surrounding buildings and landscape from damage, strengthen the pit) and takes 

around 3 months as well with the sum of expenditures 24 796 243 rubles. Next comes the most 

time consuming, lengthy and costly phase - construction and installation.  It lasts about 33 months 

and expenses are distributed unevenly over the months. The distribution is similar to normal with 

a small difference. the table shows the distribution of expenses by quarter as a percentage of the 

total amount. Within a quarter, the amount is distributed evenly. Since the project allocates 11 

quarters to the construction and installation works, the distribution is presented for this period is 

the following: 

Table 11 

Distribution of construction costs 

quarter 1 2 3 4 5 6 7 8 9 10 11 

distribution 4,3% 6,7% 9,1% 11,7% 11,5% 12,2% 12,8% 11,7% 9,2% 6,6% 4,3% 
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The total amount of expenses for this type of work is 50% of all expenses and in value 

terms is equal to 1 518 967 075 rubles. The company also incurs expenses for the supply of external 

engineering networks, which include pipelines, sewers, heat pipes, etc. the amount of expenses for 

this type of work for the period is 145 050 029 rubles.  

Other outflows are connected with non-production activities, and include marketing costs, 

particularly advertising costs and agency costs, which represent payments to real estate companies-

partners, who sell part of flats constructed. Together, these expenses make up 6% of the total 

budget, which is equal to 163 099 455 rubles. These expenses start from the moment of 

construction and last until the end of real estate sales. The company also bears the cost of 

transferring the object to the owners and the cost of operation, which together constitutes less than 

1% of total costs. The cost of transferring the object to the owners are made after the 

commissioning, which takes place after the state Commission, which provides a conclusion about 

the complition of the object.  

The company pays taxes: property tax, land tax, and income tax. In this case, the costs are 

made in different terms. Land tax begins to be paid from the beginning of the project, after the 

acquisition of the plot. Income tax is paid after fixing the income, which occurs after 

commissioning, when the bank pays the company the profit before the equity agreement, since 

after the state Commission, the company continues to add the remaining real estate, income is also 

fixed, and tax is paid. The company pays the land tax until the ownership rights pass completely 

from the company to a new owner. Property tax is paid from the date of commissioning to the last 

sales. All taxes are paid in advance payments after each quarter each year. The total amount of 

taxes is 112 184 621 rubles. During the entire period, the company incurs overhead costs that 

amount to 97 818 000 rubles. The company also pays interest on the loan, the loan depends on the 

proceeds from equity agreements, the amount of the loan. Repayment is made after the object is 

put into operation, when the property under escrow accounts passes to the bank and company gain 

its revenue. Total amount of infests on a loan 204 308 310 rubles, which is allocated evenly. 

Cash inflows. 

Cash inflows in the company are formed by sales of three types of real estate: apartments, 

parking, build-in premises. The main source is the sale of apartments, proceeds from sales in this 

category without taking into account the time value of money is 3 131 306 054 rubles. Proceeds 

from sales of parking amount to 179 266 582 rubles, for build-in premises – 61 600 000 rubles.  

The main part of income from apartments is made up of sales under equity agreements. 

These inflows start a month later than sales, which is related to the registration of contracts. For 

each apartment, the first payment is received, in the first six months from the start of sales, it is 

60%, the second six months - 84%, the second year - 90%, the third year - 94%. After the state 
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Commission and commissioning, sales are made without equity agreements, and in installments 

for three months, the first month is paid 65% of the total amount, the second - 30% and the last 

month the remaining 5%. At the same time, the project takes into account the pace of sales, so for 

apartments the average area sold is 412 square meters. The assumption in the project is that the 

sales volume is uniform. For Parking, the sales rate is 3-4 units per month, build-in premises are 

sold equally during the period and in the amount of 8 pieces. The timing of the start of parking 

sales and build-in premises is also different compared to the sale of apartments: apartments selling 

starts in March 2022 and continues until March 2026, build-in premises start month later and has 

the same ending period, and parking is sold from March 2023 until September 2027. In total, sales 

last 66 months.  

The first fees are also different for Parking and build-in premises, and their value changes 

after the state Commission. They make up 50% for build-in premises and 20% for parking, then 

are implemented according to the scheme with installments of apartments. 

Table 12 

Cash flows of the project 

Time 

period 

 2020 2021 2022 2023 2024 2025 2026 2027 

Initial 

investme

nts 

-

4273701

03 

 

0 0 0 0 0 0 0 0 

cash 

inflows, 

rub. 

 0 0 4787141

94 

9154627

56 

1101598

612 

7239670

58 

1135987

63 

388312

54 

cash 

outflows, 

rub. 

 -

9867181

01 

-

1584399

77 

-

4082499

17 

-

8019686

34 

-

7921875

51 

-

1591683

99 

-

8607836

5 

-

750935

64 

 

When the discount rate required by the company is 20%, the NPV of the project is negative 

and amounts to -97069112 rubles, which indicates that it is not profitable to invest. The entire cash 

flow model is presented in the Appendix 2. 

 

3.3 Real option analysis of the project 

 

In the second Chapter of this work, various types of real options in construction were 

identified. This analysis will consider options to abandon the project, when the company can sell 

the owned land plot and an option to delay the start of construction. It is also suggested to consider 

situations with different sales rates at different stages of construction to understand whether it is 
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more beneficial to try to sell at different stages differently. At the same time, the paper separately 

considers the cost of the project, taking into account future price volatility, in order to understand 

whether it is advisable to invest in the project at all. The exit option and the situation when we 

have an option to abandon and the possibility to postpone the start of the project will be considered 

separately. These options are considered step by step in order to understand what course of action 

in various situations of changes in housing prices will be most profitable for the company. Thus, 

the analysis is carried out to understand whether the project will be more profitable if the company 

will be able to sell in the future the land plot and whether it will be more profitable to postpone 

the start of construction works.  

To calculate options in this case, a binomial model with risk-neutral probabilities is used. 

In the second chapter prices for residential real estate on the primary market were investigated as 

well as experts’ forecasts for future period with regard present situation with pandemic and its 

influence. Analysis of past prices from 2015-2020 in Saint-Petersburg showed the tendency to 

overall rise for 7-10% several last years, but with regard to the black swan of pandemic, currency 

volatility, situation can change the direction to negative scenario and it would not be correct to 

make forecast based only on data of past prices. As it was revealed in the second Chapter, most 

industry experts agree that there will be a decline of 10%, while there is also opinion that if the 

situation begins to improve soon, growth may continue. Thus, in this paper for further calculations 

the volatility level was set at 10%. 

To calculate risk-neutral probabilities, the risk-free rate is used.  In a number of studies for 

a risk-free rate US government bonds are used, but here the case of Russian company is 

investigated and the rate typical for the country should be used. Today there is no consensus what 

rate to use as a risk free: possible options are Russian government bonds, Central Bank's 

refinancing rate, banks’ deposits, interbank rate.  To date, there are doubts that government bonds 

are risk-free and reliable (in particular due to the default of 1998) and investing on a deposit in a 

separate Bank may carry certain risks. 

In the given research the MosPrime rate is used. Moscow Prime Offered Rate is an 

independent indicative rate for providing ruble loans (deposits) on the Moscow money market, 

based on the offer rates of Russian Ruble deposits as quoted by Contributor Banks — the leading 

participants of the Russian money market to the first-class financial institutions (Sberbank, Alfa-

bank, Gazprom Bank Raiffeisen, UniCredit, VTB). The value of this rate on 29.05.20 is 5.69%. 

For comparison on this date the refinancing rate has approximately the same value 5,5%, 

government bonds – 5,131% (5years). 

The future sale price of land is calculated with a 50% discount from the original, this is due 

to both large fluctuations in land prices in Saint-Petersburg (Restate, 2020) and the fact that when 
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using the option to abandon, the company will try to sell the land as quickly as possible, which in 

real situation is possible only at a discount. The prices for land regarding the data fluctuated during 

the last year from -190% to +62%, and the sharpest jumps in prices occurred at time periods when 

special events as introduction of escrow accounts and pandemic held place and diverse quick 

changes were the result of uncertainty on the market. The forecast price value for this indicator 

was found considering the opinion of the company's experts performing this project. The project 

ends in 2027, but for convenience, it is proposed to consider options with a term of 2025 (in case 

of option to delay till 2026), when the project has already passed the state Commission and most 

of the inflows and outflows have already been received and committed. 

The full methodology for finding real options was presented in the second Chapter. It was 

used to calculate options for the base price in the future, taking into account the increasing and 

decreasing coefficients calculated on the basis of house price volatility. The price was calculated 

based on the original base price in 2020, when the project was started. The price tree is shown in 

the diagram below: 

 

 

Graph 7. Binomial tree of prices 

 

The next steps of analysis were calculation of abandonment option, option to postpone and 

variations in selling. Calculations of these options were based on the DCF model, that was 

previously constructed for the project, since calculation with ROA requires cash flows for every 

year. The cash flows were recalculated separately considering volatility and new prices, based on 

this volatility, which represented on the tree “Prices”. First, option to abandon was calculated to 

understand whether the project has a potential for investments, to define it new NPV with an option 

was found. Criteria here new NPV is more than zero and more than NPV without an option.  
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Then to check whether postponement of the construction works would rise the value of the 

project. Thus, the next step was to calculate the model with an option to abandon plus the option 

to postpone. This sequential order was chosen to consider all possible actions for company to 

maximize the value or minimize losses in case of negative development on the market. If the value 

of the project in case of postponement would be higher than just in case with abandonment option, 

company should delay the start until the more preferable period.  

Further, taking into account these options, situations with different sales rates at different 

stages are investigated, but within the project and the number of apartments available for sale. The 

company calculates the project using a uniform sales rate for all periods, which may not only not 

coincide with the real situation, but also not reflect the real value of the project. This paper analyzes 

the dependence of the project value on the stages. On the one hand, the company cannot sell any 

quantity it deems necessary during a certain period only at its own will, since this largely depends 

on the market situation. But on the other hand, this analysis provides an overview of the possible 

development of the situation, and if the situation is favorable, the company can use the opportunity 

to increase profits. This analysis shows what course of action can be chosen for different market 

situations with given project. 

For analysis, in accordance with defined price volatility and a risk-free rate, the up and 

down factors were calculated, which made up 1,11 and 0,9 and risk-neutral probability equals 0,76. 

 

Option to abandon. 

Here is a new graph with option to postpone considered, and in this case the project shows 

better potential with the value to year 2020 equals to 827 852 723 rubles, net of initial expenditures 

made in the beginning of 2020 NPV equals 400 482 620 rubles.  
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Graph 8. Binomial tree of values for option to abandon 

 

Analysis showed that this option not only increases the cost of the project, but also shows 

when the price movement in which year will be more profitable to continue the project or sell the 

land, thus providing a plan of action depending on the situation. So, if the price goes down from 

the beginning of the project company can still continue it since in 2021 even in case of next 

decrease company still have a project value higher than cost of land. Even in case of the most 

negative scenario company can continue the project till 2024 when value again will be more that 

initial cost of land. Only in case when price fall down even lower, than scenario suggests company 

should stop the project, otherwise, it is better to complete the project. Whether there will be any 

extraordinary evens that can influence the price more than analysis suggested company can also 

understand at the next steps when more information regarding situation or new more accurate 

forecasts for further period will be available.  

 

Option to delay+ abandon. 

Due to the great uncertainty in the market of this industry, an option to delay the start of 

construction was also considered in order to understand the ways to maximize profits. This option 

was considered together with the option to abandon the project. In this case, the possibility of 

postponing the project for one year, while the initial costs will also be distributed according to the 

budget. If in the past, part of the initial costs included deductions for infrastructure and pre-

development, now they are also shifted by one year.  
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Graph 9. Binomial tree of values for options to abandon + postpone 

In this case value of a project will be higher in comparison to a model with only option to 

abandon, it equals to 948 438 710 rubles and NPV constitutes 521 068 607 rubles, which is also 

higher than in previous case (NPV with only option to abandon equals 400 482 620 rubles).  So, 

it can be concluded that with forecasted volatility it would be more beneficial for company to 

postpone the beginning of construction works for one year, which is also logical in the context of 

a pandemic. 

 

Further, to understand how the company is more profitable to sell: at earlier stages, in the 

middle or later, sales growth rates were redistributed: for every stage 10% growth was calculated 

separately, the cash flows were also recalculated for each case, which presented in Appendix 3, 

Appendix 4. Initially, the model used the same sales rate. Initially company used equal rate at all 

stages for analysis.  This rate depends on the market situation and the company is not always able 

to increase this rate by only its own actions. But if there is a market movement, such as this year 

in the context of a pandemic, when a rapid increase or decrease in demand from citizens who want 

to save their savings is possible, the company can understand further development, and allocate an 

additional budget for advertising and try to sell more at the particular stage. Here for a further 

calculations model with option to abandon and postpone was used as base, since it provides more 

flexibility of actions and as result opportunity to rise the value of the project and provides the 

complete picture for possible actions.  
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For every case of sales at different sages separate binomial tree was made and for 

convenience graphs are represented in the Appendix 8, Appendix 9, Appendix 10. The results of 

these calculations can be seen in the table below: 

Table 13 

Values of binomial trees, selling at different stages 

Stage  PV, rubles NPV, rubles Change, rubles 

Equal sales rate  948 438 710 521 068 607 -  

Early stages rate increase 955 213 035 527 842 932 

 

+ 6 774 325  

Middle stages rate 

increase  

952 541 181 

 

525 171 078 

 

+ 4 102 471 

 

Late stages rate increase 945 411 271 518 041 168 -3 027 439 

 

Here results from modeling with different rates at different stages are presented. In every 

case new present value of a project was compared with the value of a project with equal sales rate, 

the same for net present values. Analysis showed that at earlier stages sales are more beneficial 

and contribute to the overall value of the project 6 774 325 rubles, whereas higher rate at middle 

stage also rise the value but for a smaller sum 4 102 471 rubles, and sales at the later stage decrease 

the value to 3 027 439 rubles. This can be explained unequal allocation of expenditures during the 

project implementation and time value of money. Although, the prices for apartments are higher 

at a later stage, this increase cannot cover expenditures. Despite these amounts are not very large 

for this project, this is still a way to maximize profit, it is also important if we are talking about 

the fact that initially the project has a negative NPV, and the greater the change in demand and the 

longer the duration of the project, the greater the range of these amounts. 

It is also important to remember that to each node of binomial tree of project values 

correspond a definite price at each year. Hence, the range of prices when it is more beneficial to 

continue or stop the project with regard of different sales paces can be found. Company can also 

make a conclusion whether it can afford to sell at a price lower than it is now on the market, if 

demand is growing, in order to capture most of the demand by putting prices lower. 

Taking into account all the results obtained the following recommendations can be made 

within the framework of this project: 

- despite the negative NPV indicator when analyzing using the traditional method, the company 

should invest in the project, since the option to sell a land plot even with a discount rise the 

value of the project; 
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- companies may also consider delaying the start of work as this will also increase the value of 

the project; 

- in case of a favorable market development and increased demand coinciding with the early 

stages of construction the company should try to sell as much as possible at the early stages 

and consider an additional budget for marketing; 

- if the price for real estate start to decrease and this decrease will be continuous, company 

should stop the project and sell the land plot independently from the pace of sales at different 

stages; 

- in case of sales at early and middle stages if price decrease in 2020 year, continue decrease in 

2021 and fluctuate in range 103900-126903 rubles company should be especially careful when 

monitoring trends and situations since in different years the project can either be continued or 

stopped and a clear answer can only be given if the price exceeds 126903 rubles. If sales at 

later stage considered, then the project should continue with the specified price range; 

- if prices fluctuate in the range of 140250-155000 and prices increase in all cases the project 

should be continued and implemented to the end. 

 

CONCLUSION 
 

In the master's thesis, a real project in the field of residential real estate construction was 

evaluated using the traditional method of discounted payments and the method of real options.  

The issues of investment in the project were considered, as well as options for further 

actions to maximize profits at various stages in each year of project implementation. The 

traditional method of evaluation showed that this project, taking into account the criteria of the 

DCF model, should be rejected because it has a negative NPV. However, this method is not flexible 

and does not take into account the possibility of changing the decision after investment. The real 

option approach helps to consider risks connected with both negative and positive changes and 

incorporate results of undertaken additional actions, that is important especially for projects with 

long duration as in a real estate industry, when prices can substantially change every year. 

In this paper, the project of construction residential estate was analyzed. With the method 

used by the company, the specified conditions and the required rate of return, the project showed 

a lot of negative net present value, that according to the criterion means rejection of the project. 

Using the method of real options, it was possible not only to identify whether the project has the 

potential to invest, but also to understand what development paths the project has in the future, 

when the investment has already been made. Thus, the analysis showed that including the option 
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to abandon the project, when the company can sell the land the project, meets the criteria for its 

acceptance. At the same time, when the investment has already been made, but the situation is 

unstable, the company may want to postpone the start of construction work in order to get more 

information in the future and maximize profits. In this project, the analysis of such an option 

showed that the cost of the value of the project will be higher than in case with only option to 

abandon, and the company should delay the start of construction. The results of the analysis, which 

includes different sales rates at different stages, also showed that if the company sells at an earlier 

stage, it will be able to extract more profit. The detailed analysis with a set of recommendations 

were provided in the 3rd chapter.  

In addition, the real options method provides an overview of the price spread within which 

the project cost is sufficient to continue or, conversely, too low and the project must be closed. 

Thus, the method provides more flexibility in making decisions at different stages of the 

project, which is a plus compared to the evaluation methods adopted by the company. Since its 

usage is based on the existing model and data that the company has, which also makes it quite 

convenient to implement. 
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APPENDIX 

Appendix 1. Cash flow from sales of apartments  
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Appendix 2. DCF model with base prices 

 

 



                                                                                                                                                                                            58 

 



                                                                                                                                                                                            59 

 



                                                                                                                                                                                            60 

 



                                                                                                                                                                                            61 

 



                                                                                                                                                                                            62 

 



                                                                                                                                                                                            63 

 



                                                                                                                                                                                            64 

 



                                                                                                                                                                                            65 

 

 

 

 

 



                                                                                                                                                                                            66 

Appendix 3. DCF model with delay for one year (for option to postpone +abandon).  

 

Example with cash flow calculations with price volatility (case of upward factor) 

 

prices + 

volatility, 

rubles   
2020 2021 2022 2023 2024 2025 2026 2027 

apartments 155000 171301 189317 209228 231233 255552 282428 312132 344959 
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Appendix 4. Prices for cash flows in model with option to postpone +abandon 
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Appendix 5. The binomial tree of prices 
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Appendix 6. The binomial tree with option to abandon  

 

 

                            

 

 



                                                                                                                                                                                            80 

Appendix 7. The binomial tree with option to abandon + postpone  
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Appendix 8. The binomial tree with option to abandon + postpone. Selling at early stages 
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Appendix 9. The binomial tree with option to abandon + postpone. Selling at middle stages 
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Appendix 10. The binomial tree with option to abandon + postpone. Selling at late stages 

 

 

                       


