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The understanding of real options analysis (ROA) has been claimed by academics to be
extremely valuable for the real estate industry; yet adoption of the method in practice has been
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% premium in the green building certificate case, arange from €8/sqm to €195/sqm in the
building flexibility case, a 6.6 % premium in the residential real estate portfolio case and an
added value of €1,580,000 in the public private partnerships case.

This dissertation contributes to the body of knowledge in the real estate investment field.
The categorisation of previous research and building upon it new applications form a coherent
whole of the method’s potential in the real estate industry. The results enhance real estate
investment analysis and decision-making by highlighting the role of uncertainty through
different application levels. It points out that ROA can reveal new information and lines of
actions, which can supplement or replace results of traditional DCF analysis. This is important
for directing limited resources in long-term investments into right positions. The results
presented in the papers enhances lifecycle performance of real estate investments from
different viewpoints, which serves as a guidance for professionals in similar decisions as well
as a starting point for developing new applications. The dissertation also discusses the practical
adaptability of real options valuation techniques through different cases.
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Introduction

1 Introduction

1.1 Motivation and background

Megatrends, such as sustainable development, digitalization, technologi-
cal innovation and resource scarcity are profoundly changing industries
across the globe. Growing uncertainty intensifies the division between suc-
cessful and unsuccessful businesses. In the real estate investment industry,
the uncertainty has concretized in less predictable cash flows. In the UK,
the average lease duration for office buildings has declined from 6.7 years
to 4.5 years between 1999 and 2011 (BPF-IPD, 2012). In the US, the average
office lease duration was 4.7 years between 2000 and 2010 (Titman and
Twite, 2013). This phenomenon increases both the role of active manage-
ment in the real estate business as well as the importance of building quali-
ties that need to be adaptable into the fast changing circumstances of the
215t century.

Qualities, such as sustainability and flexibility, have been identified as
important value elements for real estate investors in the future (Chegut et
al., 2012; Sayce et al., 2013). Yet it appears that these kinds of qualities are
not systematically accounted for in real estate investment analysis because
it is difficult to quantify a value that is a contingent claim into an event in
the future. For example, the value of a building flexibility investment de-
pends on whether the flexibility is actually exercised into use and worth the
extra investment; it is hard to valuate this kind of a contingent claim alone
with the dominant discounted cash flow (DCF) valuation. In fact, research-
ers, such as Myers (1984), Trigeorgis and Mason (1987) and Dixit and
Pindyck (1995) have argued that DCF valuation alone cannot properly value
contingent claims, or as better known, options. This can be explained by the
nature of an option: it limits the downside but retains the upside potential,
which can asymmetrically transform the risk profile of an investment.

Option pricing was originally adopted by financial industry for valuing op-
tions used to hedge financial risk. Later on it was proposed that embedded
options, such as option to wait or defer investment, have a notable value in

real capital investments and should be accounted for in investment analysis



(Trigeorgis, 1988; Dixit and Pindyck, 1995). Option pricing methods from
the financial industry were applied into options in real assets, i.e. real op-
tions, which Myers (1977) originally defined as “opportunities to purchase
real assets on possibly favourable terms”.

Real options analysis (ROA) can be described as a method that connects
financial and engineering analysis in order to identify and promote (mar-
ket) value of embedded options in physical investments (de Neufville,
2003). The aim is to enhance lifecycle performance of a real asset, i.e. how
an asset performs in fluctuating market conditions throughout its lifecycle.

Real options have proven to enhance lifecycle performance of many assets
across different industries (Kemna, 1993; Grenadier and Weiss, 1997; de
Neufville et al., 2006). Many top experts in academia have praised the po-
tential of real options in sustainable decision-making; Professors Copeland
(2010), Geltner and de Neufville (2012) have stated that real options may
be the solution for encouraging investors to demand for a more sustainable
design in long-term capital-intensive systems. Within the real estate field,
past research have, for example, proven to provide valuable insight into
strategic decision-making (Grenadier, 1996), enhance understanding in
land valuation and building flexibility analysis (Quigg, 1993; Greden and
Glicksman, 2005), highlight the importance of embedded options in lease
contracts (Hendershott and Ward, 2000) and help justifying investments
into renewable energy solutions (Ashuri and Kashani, 2011). However, past
research have pointed out that real-life cases are needed for validating the

findings.
1.2 Research problem

The understanding of real options analysis has been claimed by academics
to be extremely valuable for the real estate industry; yet adoption of the
method in practice has been very slow. The aim of this dissertation is to
examine opportunities that ROA opens in real estate investment analysis
and decision-making as well as to demonstrate the actual real option value
in some topical areas of real estate investment. The dissertation aims to

answer the following research questions:

RQ1: How can real options analysis enhance real estate invest-

ment analysis and decision-making?

RQ2: How the real option value of a real estate investment can
be determined in topical areas of real estate industry, specifically
in green building certificates, building flexibility, real estate
portfolio management and public private partnerships?
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The first research question explores both quantitatively and qualitatively
shortcomings in mainstream investment analysis methods and how ROA
can contribute to the shortcomings. The scope includes comparison of main
investment analysis theories in order to position ROA as an individual
method as well as a supplementing method. The second research question
is addressed from different topical perspectives of real estate industry,
namely green building certificates, building flexibility, portfolio manage-
ment and public private partnerships. The different perspectives were cho-
sen to highlight the difference between successful and unsuccessful lifecycle
performances in different types of real estate investment decisions.

The dissertation aims to contribute mainly to the knowledge of real estate
investment field with the following research objectives:

i.  Examine the role of uncertainty in real estate investment analysis
and decision-making
ii.  Apply real options theory into lifecycle performance enhancing
applications in real estate investments
iii.  Discuss practical adaptability of real options valuation techniques

in real estate context
1.3 Structure

The research structure is presented in Figure 1. It illustrates how the re-
search questions, the papers, a summarizing literature review and this

summary are linked together.
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Figure 1 Research structure

The dissertation consists of four appended articles that have been re-
viewed and published in academic journals, and of one appended article
that have been reviewed and published in a scientific conference as well as
of a summarizing literature review of real options in the real estate indus-
try.

The first empirical setting in the dissertation was split into two papers,
Papers I and II, because it serves two specific goals. The purpose of Paper I
is to deepen the understanding of current state of investment valuation
practices in industry by discussing uncertainty assessment in the dominant
DCF valuation in a sustainability context. This concluded in identifying the
need for a new method for investment analysis and decision-making. Ac-
cordingly, Paper II evaluates whether ROA is suitable for valuing green
building certificates, and calculates the real option value of a green certifi-
cate in a typical office building setting. The exact data gathered in Paper I
was also used for the quantitative analysis in Paper II.

Paper III explores how ROA can be used for valuing flexibility in a real
retrofit investment case, presents a research process for valuing the flexibil-
ity in the retrofit investment case and evaluates the empirical usability of
real options valuation results compared with traditional DCF valuation re-

sults.
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Paper IV tests option pricing to quantify the option to wait in a residential
real estate fund divestment case. The paper argues that standard industry
valuation practices miss the value of active fund management that should
be included when planning a fund divestment strategy.

Paper V demonstrates how ROA can enhance risk management of a PPP
project with specific characteristics of flexible contract and long contract
period. The paper uses ROA for identifying and valuing uncertainties from
the provider’s perspective in a large healthcare facility investment case.

A literature review is conducted throughout the study, and towards the
end a collective review attempts to organize previous real options literature
in the real estate industry into major application domains and stated bene-
fits of ROA for investment analysis and decision-making.

The conclusions tie together the findings of the papers and the literature

review.
1.4 Research methodology and data sources

The study utilizes a mixed method research strategy with both quantita-
tive and qualitative data (Creswell, 2014). Case study research is used to
collect data and to amount evidence to answer research questions (Eisen-
hardt, 1989; Yin, 1994). The aim of the dissertation is well supported by the
case study approach because earlier research has identified case studies as
an important source of new information on the topic. The case studies con-
ducted in this dissertation address the research problem from current areas
causing uncertainties in the traditional cash flow valuation of real estate
investments, i.e. green building certificates, building flexibility, real estate
portfolio management and public private partnerships. The cases were se-
lected with theoretical sampling (Glaser and Strauss, 1967), which ensured
that the cases are relevant to the research problem and can be used to draw
inferences on the research questions. The case selection process developed
during the research; the chosen cases for the dissertation aimed to repre-
sents several different actors on different levels in the real estate invest-
ment field in order to acquire a broader perspective of the method’s poten-
tial.

The specific cases in the study are examined with quantitative and qualita-
tive data. The main focus is on quantitative research but Papers III and V
utilises quantitative data first and after that the qualitative data is collected
and analysed. Table 1 presents the research method, research design and

main data sources for each individual paper.



Table 1 Research methods, designs and main data sources used in the papers

Paper | Research method Research design Main data sources
. Property market
Embedded multiple-
I Quantitative P reports
case study
Survey
. Property market
Embedded multiple-
II Quantitative P reports
case study
Survey

Investment case

: Embedded single Government em-
111 Mixed Lo
case study ployee prOJecthnS
Workshop
) Real estate portfolio
N Embedded single divestment case
v Quantitative
case study
Housing statistics
Investment case
. Embedded single Municipality popu-
\% Mixed lation growth pro-
case study jections
Workshop

The research designs have been selected based on the nature of the re-
search problems in each paper. According to Yin (1994), single case design
is appropriate when testing a critical case with a well-formulated theory. In
papers III, IV and V single case design is found appropriate to test the real
options theory in different real-life conditions. Multiple-case study design is
used in Papers I and II because the surveys from different participants are
independent single-case studies. Finally, embedded design is employed
because there are multiple unit of analysis.

The case studies are addressed with real-life data in real-life cases, which
is well in line with the research aim of the dissertation (Eisenhardt, 1989).
Papers I and II utilizes data from property market reports and spreadsheet
surveys from industry professionals. Paper III analyses an investment case
by exploiting governmental employee projections for real options valuation.
The findings are assessed in a workshop. Paper IV uses housing statistics
for examining a real estate portfolio divestment case. Paper V analyses an
investment case by exploiting municipality population growth projections
for real options valuation. The findings are analysed in a workshop.

It is worth mentioning that the applicability of real-life data for real op-

tions valuation has been recognized as a challenge in real options research
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(Lander and Pinches, 1998; Oppenheimer, 2002). This dissertation utilises
two real options valuation techniques: the well-known binomial option
pricing method (BOPM) and the novel fuzzy pay-off method (FPOM).

Binomial option pricing method

BOPM was first proposed by Cox et al. (1979) as a simple discrete-time
model for valuing options. It is widely used in different applications and
can be considered together with Black-Scholes (1973) as the original option
pricing methods. In the method, binomial trees project the evolution of an
asset value over time. Figure 2 presents a binomial tree and how it is trans-
formed into a probability distribution, which is used to calculate the option

value.

Possible future asset values

Today Final date Low High
Time Value an the final date

Figure 2 Binomial tree and projection of uncertainty (adapted from Amram and Kulatilaka,
1999)

In the figure can be seen how an asset value (A) is projected through time
(t). After each time interval (At), the asset value has an upward (u) and a
downward (d) value with probabilities of p and 1-p, respectively. The prob-
abilities are calculated using volatility (o) and risk-free rate (rs). On the final
date, the asset value has reached its maximum values with different proba-
bilities, as presented on the right hand side of the figure. From these maxi-
mum values the option value is calculated by subtracting strike value, i.e.
the value needed for exercising the option. The option value is risk-
neutrally discounted to the present using the risk-free rate. The detailed
equations and instructions for the method can be found in many books,
such as Wilmott (2007) and Hull (2009).

In essence, the value of an option is calculated from the potential range
that the underlying asset can have during its lifecycle. In BOPM, the range
is determined by the volatility of the asset. In the financial industry, which
is the original application of the method, the volatility can be easily deter-

mined because daily continuously updated historical data is available. In



the real estate industry, similar data is often not available due to the special
characteristics of the industry, such as uniqueness, illiquidity, location
bound and high transaction costs. This complicates the applicability of the

method in real-life settings.

Fuzzy pay-off method

FPOM was originally developed on the basis of the so-called Datar-
Mathews method, which calculates the option value from a pay-off distribu-
tion of net present values generated by Monte-Carlo simulations (Datar and
Mathews 2004, 2007). Collan et al. (2009) realized that the probabilistic
theory used in the Datar-Mathews method (and in other mainstream ROA
methods) to treat for uncertainty could be replaced with fuzzy set theory
(Zadeh, 1965). In the fuzzy set theory, different propositions (scenarios)
have a degree of membership in a set, i.e. membership is 0 (complete non-
membership), 1 (complete membership) or a value between 0 and 1 (an
intermediate degree of membership).

This realization allowed simplification of the projection of uncertainty in-
to three scenarios: minimum, best guess (i.e. the most likely scenario,
which is normally drawn up in investment analysis) and maximum. These
three scenarios are treated as triangular fuzzy numbers that form a triangu-
lar pay-off distribution where the best guess scenario has a complete mem-
bership, the minimum and maximum scenarios have complete non-
membership, and other scenarios between have intermediate degrees of
membership. This information is used to form a triangular pay-off distribu-
tion that is “a graphical presentation of the range of possible future pay-
offs the investment can take” (Collan et al., 2009). Figure 2 presents an
example of the triangular pay-off distribution. For a more detailed descrip-
tion of the method and mathematical formulas, see Collan et al. (2009) and
Collan (2012).



Introduction

- 'Q-
§ 'E Area
& X determines
< weight
K9
&
0
20% of the area NPV 80% of the area NPV positive
negative outcomes; outcomes; value according to
all valued at 0 expectation (mean value of the

positive area; M+)

Figure 3 A triangular pay-off distribution, defined by three points describing the NPV of a
prospective investment; percentages 20 and 80 are for illustration purposes only (Collan et
al., 2009)

In FPOM, the projection of uncertainty can be done without determining
the volatility for the asset. The uncertainty can be projected based on expert
opinion and other relevant data available. In the real estate industry, this is
often the only data available.

In principle, both of the presented methods use area for calculating the
option value. In BOPM, the area is formed using a probabilistic approach
based on a stochastic movement of an asset value through time. In FPOM,
the area is formed using the fuzzy set theory to assign a degree of member-
ship to present values of assets in different scenarios. FPOM can be consid-
ered as a more simplistic approach because it relies on deterministic values
for the option valuation whereas BOPM is dependant of volatility as a key
input parameter. In real estate, there is often insufficient data available for
calculating the volatility. This is the advantage of FPOM because the meth-
od uses the data available in practice, which is the situation where all deci-

sion makers find them when making investment decisions.



2 Literature review

The literature review starts from an overview of real options literature
(across all industries) and then moves to real estate industry specific litera-
ture. The summary of the review is presented in Table 2. The review process
involved scanning references of well-known real options articles as well as
using academic search engines (i.e. Scopus, Web of Science and Proquest)
with keywords, such as “real options” and “real estate”. The author has
tried to include important articles regarding history, motivation and criti-
cism of real options in the identified general background topic. Real options
research in the real estate industry was categorized based on the literature
into five different topics: real estate market, land valuation, building flexi-

bility, lease contracts and technology investment.

Table 2 Taxonomy of real options research in the real estate industry

tivation, crit-

icism)

Topic Authors

General Myers (1977, 1984), Kester (1984), McDonald and Siegel
background (1986), Trigeorgis and Mason (1987), Trigeorgis (1988,
(history, mo- | 1993), Pindyck (1991), Dixit (1992), Dixit and Pindyck

(1995), Grenadier and Weiss (1997), Luehrman (1998),
Lander and Pinches (1998), Amram and Kulatilaka
(1999), Bowman and Moskowitz (2001), Miller and Park
(2002), Oppenheimer (2002), De Neufville (2003), Ad-
ner and Levinthal (2004), Borison (2005), Copeland
(2010), Geltner and de Neufville (2012)

Real

market

estate

Grenadier (1996), Lai et al. (2004, 2007), Wang and
Zhou (2006), Bulan et al. (2009), Fu and Jennen (2009),
Ott et al. (2012), Clapp et al. (2012, 2013, 2014), Chau
and Wong (2014), Vimpari and Junnila (2014a)

Land valua-

tion

Titman (1985), Williams (1991), Quigg (1993), Capozza
and Sick (1994), Chiang et al. (2006), Cunningham
(2006), Rocha et al. (2007), Grissom et al. (2010), Shen
and Pretorius (2013)
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Building flex- | Gann and Barlow (1996), Trigeorgis (2005), Greden and
ibility Glicksman (2005), de Neufville et al. (2006), Guma et al.
(2009), Fawcett (2011) and Fawcett et al. (2012), Dort-
land et al. (2012, 2014), Cardin et al. (2013a, 2013b),
Vimpeari et al. (2014a), Vimpari and Junnila (2014b)

Lease  con- | Grenadier (1995, 2005), Hendershott and Ward (2000),
tracts Ambrose et al. (2002), Sing and Tang (2004), Cho and
Shilling (2007), Ashuri (2010)

Technology Greden et al. (2005), Fleten et al. (2007), van der Maaten
investment (2010), Ashuri and Kashani (2011), Verbruggen et al.
(2011), Menassa (2011), Kumbaroglu and Madlener

(2012), Hillebrand et al. (2014), Vimpari et al. (2014b)

2.1 General background

Myers (1977) introduced real options as “opportunities to purchase real
assets on possibly favourable terms.” Later on, Myers (1984) tried to ex-
plain the limitations of finance theory and strategic planning by proposing
that the DCF “may fail in strategic applications even if it's properly ap-
plied.” Role of options in capital investment decisions was further re-
searched by pointing out growth options in capital budgeting (Kester, 1984)
and value of waiting in investment decisions (McDonald and Siegel, 1986;
Pindyck, 1991). Further, Trigeorgis and Mason (1987) and Trigeorgis (1988,
1993) researched the value of managerial and financial flexibility as well as
role of options analysis in investment projects. Dixit (1992) and Dixit and
Pindyck (1995) researched the role of options analysis in capturing the un-
certainty in investment decisions by highlighting how options can improve
the upside potential while at the same time limit downside losses. Option
pricing was used to develop investment strategies for technological innova-
tions (Grenadier and Weiss, 1997) and for business projects (Luehrman,
1998). Lander and Pinches (1998) and Oppenheimer (2002) both recog-
nized the potential of real options investment analysis but indicated criti-
cism of the method, especially in the complexity of the valuation. Amram
and Kulatilaka (1999) compiled a profound review of real options in manag-
ing strategic investments. Bowman and Moskowitz (2001) studied the role
of real options in strategic decision-making and concluded that options
approach encourages managers to “experimentation and the proactive ex-
ploration of uncertainty.” Miller and Park (2002) and de Neufville (2003)
explored how real options can link market information with strategic engi-

neering economic decisions. Adner and Levinthal (2004) added to the criti-
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cism of real options that understanding the boundaries of the approach is
essential in all path-dependent activity. Borison (2005) concluded a review
of applicability, assumptions and mechanics of different real options valua-
tion methods. Copeland (2010) discussed cases of real option applications
and challenges that have to be overcome for a breakthrough of ROA as a
practical method. Finally, Geltner and de Neufville (2012) have recently
emphasized how compiling real options theory and 215t century digital data
sources can result in “better informed design and valuation, more efficient
urban development laced with greater flexibility to avoid the worst down-
side outcomes and to take advantage of the best up-side opportunities,

saving vital resources of capital, land, raw materials, and energy.”

2.2 Real estate market

Real option research in real estate industry is used to explain real estate
market phenomena, such as market behaviour, development cycles, role of
competition, and risk in development decisions. Grenadier (1996) used
game-theoretic option exercise strategies to explain investment decisions,
particularly to explain why some markets have bursts of development activ-
ities and others smooth development activities. Lai et al. (2004) used real
options to analyse the price uncertainty of new developments for modelling
presale strategy of developers. The findings explain developers’ risk man-
agement activities as well as barriers to enter a development market. Lai et
al. (2007) continued the research to explain developers’ behaviour with
rents and occupancy levels in different market types. Wang and Zhou
(2006) claim that their real options model can explain many development
activities observed in the market, such as causal relationship of develop-
ment option holding and exercising. Bulan et al. (2009) used real options in
analysing correlation of volatility and investment under competitive situa-
tions. The estimates suggest that increases in both idiosyncratic and sys-
tematic risk lead developers to delay investments. Fu and Jennen (2009)
argue that real options are capable of predicting new office construction,
especially role of volatility in hurdle rents and construction delays. Ott et al.
(2012) used a real options framework to explain the rationale of phasing
and building for inventory in large-scale residential development. Clapp et
al. (2012, 2013) explained how option to redevelop residential real estate
explains value changes in different housing markets and cycles. Further-
more, Clapp et al. (2014) analysed what drives the exercise timing of an
expansion option in shopping centres. Chau and Wong (2014) identify a
negative impact that urban renewal has on nearby properties redevelop-
ment option values. The impact is found to be negative depending age and

location of nearby buildings. Paper IV of this dissertation is placed on this
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category because it explains the special characteristics of residential real
estate market by identifying the value of waiting in a residential real estate

portfolio divestment case.

2.3 Land valuation

Land valuation is one of the original applications of real options in the re-
al estate industry. Titman (1985) argued that option pricing is needed if
uncertainty about future real estate values is high. The option to select the
type and size of building raises the value of the vacant land and has im-
portant role in decision-making. Williams (1991) followed by arguing that
the stochastic evolution of operating revenues and construction cost should
be acknowledged in development decisions. Quigg (1993) argued that the
current land valuation models should account for the option to wait be-
cause it has a value in decision-making. Capozza and Sick (1994) explained
the value and risk structure of land markets where urban land is priced us-
ing CAPM and agricultural land with real options because it can be convert-
ed into urban land where the value of conversion increases with urban
growth rate. Chiang et al. (2006) used option pricing to identify similar
embedded options inside vacant land, arguing that NPV cannot capture the
value of options available within project developments, such as defer,
abandon, expand, contract and switch. Cunningham (2006) identified the
presence of real options in vacant land prices and suggested that real op-
tions should be included in capital investment analysis. Rocha et al. (2007)
demonstrated how real options could improve investment analysis in real
estate development cases by identifying optimal strategy and timing for
sequential investing. Grissom et al. (2010) used option-pricing theory to-
gether with portfolio analytics to assess single and mixed-use of the same
land. The option value is important because a development process in-
cludes different options of which values depend on land use and growth.
Shen and Pretorius (2013) argued that more practical factors should be
incorporated into real option theory, including institutional arrangements,
direct interactions and financial constrains. The study points out how these

factors affect the land value and development timing.

2.4 Building flexibility

Building flexibility can be identified as one of the key themes of the topic.
Gann and Barlow (1996) discussed criteria in building design that needs to
be evaluated when converting offices into apartments. They conclude that
most buildings are rarely designed for future requirements and the owners

should seek for mixed-use options. Trigeorgis (2005) laid a foundation for
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modular decision-making. It was suggested that complex real options prob-
lems should be simplified with modular building blocks. Greden and
Glicksman (2005) conducted a study for valuing flexible space with real
options. A binomial real options model for addressing the problem of calcu-
lating how much flexible space is justified economically was developed. De
Neufville (2006) presented how ROA provides the decision-maker with
information for planning an investment a parking garage investment in
stages when demand is uncertain. Guma et al. (2009) studied vertical phas-
ing as a corporate real estate strategy. Several case studies identified that
option to raise a building can highly improve real estate investment pro-
ject’s lifecycle performance. Fawcett (2011) and Fawecett et al. (2012) dis-
cussed the importance of real options in designing buildings; it was pro-
posed that options-based decision-making is a continuum for LCC and LCA
calculation methods. Dortland et al. (2012, 2014) used qualitative methods
to discuss flexibility in healthcare investments; scenario planning and ROA
were found as effective tools to increase the management of understanding
the importance of flexibility. Cardin et al. (2013a) developed a framework
for optimizing the phasing of a development project. The method is used for
recognizing flexibility that enhances value of a real estate project. Further-
more, Cardin et al. (2013b) evaluated methods for identifying flexibility to
engineering systems design. Prompting mechanisms and explicit training
was found to increase the flexibility in a case study of real estate develop-
ment. Papers II and III of this dissertation may be located in in this litera-
ture category. Paper II demonstrates that option pricing could be used for
valuing green building certificates because their value is dependent on a
contingent claim in a future event. The certificate provides the flexibility to
adapt into future market conditions. Paper III used a fuzzy pay-off method
for real options valuation to valuate flexibility in a retrofit office case study.
It is pointed out that flexibility is not valuable in all parts of the building

and decisions should be made accordingly.

2.5 Lease contracts

Several studies have identified ROA as a method for valuing options with-
in commercial lease contracts. Grenadier (1995, 2005) produced a model
for valuing equilibrium lease term structures for different kind of contracts,
such as leases with options to renew or cancel and with insurances. The
model accounts for economic uncertainty (supply/demand) and competi-
tive interaction to improve the understanding of the current spot lease pric-
es. Hendershott and Ward (2000) incorporated option-like features, such

as overage rent and expense stops into valuation of shopping centre leases.
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The benefit is that different economic conditions are acknowledged through
drift rate and volatility. Ambrose et al. (2002) presented a stochastic pric-
ing model for upward-only adjusting leases. The model is used to explain
why initial rents should be significantly lower in upward-only leases com-
pared to fully adjustable leases. Sing and Tang (2004) addressed investor’s
leasing risk with a binomial option model; a default option is analysed by
addressing the costs from both lessor’s and lessee’s side in a case of lease
renegotiation. The model increases the investor’s understanding in embed-
ded cancellation and default options in lease contracts. Cho and Shilling
(2007) used ROA for valuing shopping centre leases by delivering further
evidence why the user-cost of capital does not hold in uncertain environ-
ments by claiming that it does not include the risk premium related to ten-
ant risks. It was found that “positive value of the tenant’s default option is
roughly equal to the negative value of the overage or percentage rents in
present value terms.” Ashuri (2010) used ROA to valuate the worth of flexi-
bility in a corporate lease. The model incorporated uncertainty in the rental

market as well as uncertainty in workspace demand.

2.6 Technology investment

ROA has been proposed as a method for controlling technology invest-
ment risks, mostly related to energy investments. Greden et al. (2005) used
option-based design to justify the costs of a switch option between natural
and mechanical ventilation, where the market value effect of the chosen
technology is uncertain. Fleten et al. (2007) discussed the option to post-
pone a decentralized renewable energy solution where the stochastic elec-
tricity price is the main variable for the option value. It is found that the
optimal investment strategy is to invest in different capacities at different
price ranges high above the traditional NPV break-even point. Van der
Maaten (2010) used binomial option pricing to value the timing of a solar
power investment in residential real estate. ROA was suggested as a method
for guiding governmental renewable energy incentives. Ashuri and Kashani
(2011) discussed the same topic by proposing a real options theory based
investment framework for identifying the optimal timing of solar panel in-
vestments. The model incorporates elements, which are missed in the
standard NPV analysis. Verbruggen et al. (2011) argued that irrevocability
and dynamic sequential analysis of future events have to be accounted
when making correct decisions about energy investments in buildings.
Menassa (2011) developed a framework for guiding sustainable retrofit in-
vestments. The framework combines option pricing and CAPM in order to

provide simple estimates for the decision-maker in developing optimal in-
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vestment strategies. Kumbaroglu and Madlener (2012) studied energy ret-
rofit investments by using traditional static decision-making (NPV) and
dynamic decision-making (ROA) in an office building case. It was found
that energy price uncertainty significantly affects profitability of retrofit
investments and that option to wait in envelope retrofits is not valuable if
energy price increases remain moderate and smooth. Hillebrand et al.
(2014) furthered the comparison of Kumbaroglu and Madlener (2012) by
highlighting a wait and learn option when making a retrofit investment de-
cision. It is highlighted that multi-criteria evaluation is needed when find-
ing an optimal retrofit solution. Paper V is positioned in this category as it

discusses construction methods as well as energy source investments.

2.7 Literature summary

The examined research on real options has demonstrated why under-
standing real options are important for the real estate and construction
industry. There is already well-defined real estate market phenomena that
can be explained through real options, and thus provide valuable insight
into strategic decision-making in the industry. Similarly, real options in
specific application domains of land valuation and building flexibility are
important to understand when making long-term decisions in fast-
changing markets. Understanding option values embedded in lease con-
tracts have a growing importance when average leases are becoming short-
er. Finally, the option value of renewable and conserved energy may be one
of the major applications of the method in climate conscious future.

Even though the potential of the method is claimed to be extremely valua-
ble, most of the real options analyses have been tested so far in hypothetical
settings. Accordingly, many studies have concluded that more real life cases
are needed. Therefore, it seems that adoption of ROA as an investment

analysis and decision-making tool in practice is very slow.
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3 Summaries of the papers

This chapter presents a summary of the papers. The summaries briefly
highlight purpose, research methodology, findings and contribution of each
paper. The full papers are appended to the dissertation.

3.1 Paper I: Value influencing mechanism of green certificates
in the discounted cash flow valuation

The first paper serves as a foundation to the research problem of the dis-
sertation. The paper helped to focus the research questions by discussing
DCF valuation and uncertainty in a sustainability investment context. Sus-
tainability in the real estate and construction sector has received heaps of
attention during the past few years. This attention has lead to a wide range
of different sustainability measurement systems for companies and actual
building properties. These and other more legislative measures have put
pressure on different stakeholders to participate in sustainable develop-
ment. However, at the same time there is a strategic pull to sustainability
due to real environmental, social and economical benefits that can be
gained from investments in sustainable solutions.

Growing amounts of research (Eichholtz et al., 2008; Fuerst and McAllis-
ter, 2008, 2009a, 2009b; Pivo and Fisher, 2009; Reichardt et al., 2012;
Chegut et al., 2012) have examined the economical benefits of green prop-
erties and building certificates, especially on how they affect cash flow pa-
rameters: rents, maintenance costs, vacancy rates and yields. Most of the
earlier research has been either surveys with different stakeholders in the
sector or regression analysis based on large datasets of certified and non-
certified properties in the most mature markets with certificates, such as
the US and the UK. Even though many of the research results indicate a
positive relationship between certified buildings and the cash flow parame-
ters, it remains unclear what the actual value influencing mechanisms are
and how the green certificate should be incorporated into property valua-
tion.

This paper sheds light on the value influencing mechanism of green certif-

icates in the DCF valuation. A traditional DCF model for property valuation
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was constructed in spreadsheet programme and sent to different stakehold-
ers (i.e., property valuers, investors and developers) for valuing an office
property in metropolitan Finland. The participants were asked to valuate
the office property first without a certificate and then with a premium

(LEED Platinum) certificate. Table 3 summarises the responses received.

Table 3 Summary of the differences in the DCF parameters between non-certified and certi-
fied properties

parameter Scenario Valuers | Investors | Developers All

Mean Mean Mean Mean Median Min Max
Max 0.25 0.33 0.67 0.44 0.25 0.00 1.00
Rent (€/sqm/m) Normal 0.25 0.00 1.50 0.63 0.25 0.00 3.00
Min 0.25 0.00 2.33 0.94 0.25 0.00 5.50
Vacancy Rate (%- Max -0.36%| -1.82% -1.64%| -139% -1.05% -4.09% 0.00 %
unit) Normal -036%| -2.24% 1.26%| -046% -036% -491% 591%
Min -0.32%| -2.73% 5.09 % 081% -032% -491% 17.27%
Maintenance Max -0.18 -0.23 -0.07 -0.16 -0.15 -0.50 0.00
Costs (€/sqm/m) Normal -0.25 -0.23 0.00 -0.15 -0.10 -0.50 0.00
Min -0.26 -0.23 -0.10 -0.19 -0.23 -0.50 0.00
Repair and Max -0.03 0.00 0.00 -0.01 0.00 -0.05 0.00
Replacement  Normal -0.03 0.00 0.00 -0.01 0.00 -0.05 0.00
Costs (€/sqm/m) Min -0.02 0.00 0.00 -0.01 0.00 -0.05 0.00
Max -0.13% -0.28 % -0.18%| -0.21% -0.13% -0.75% 0.00 %
Yield (%-unit)  Normal -0.13% -0.28 % -030%| -025% -0.13% -0.75% 0.00 %
Min -0.12% -0.28 % -0.08%| -0.17% -0.10% -0.75% 0.00 %
Property Value Max 718864 (1521985| 1069806(1151638 961278 273333 2754902
€ Normal |[689445|1276170 987 143|1021104 826605 189808 2797270
Min 587 572|1288779 112 530| 672384 637605 -967 891 2954 587

Based on the earlier research, it was hypothesized that the participants
will increase rent and decrease vacancy rate, maintenance costs, operating
expenses (i.e., maintenance costs and repair and replacement costs), and
yield that would eventually result in higher property values. It was found
that property values were increased in every case except one out of 24 sce-
narios. This indicated that certified properties indeed have higher property
values than non-certified properties. However, it was hard to pinpoint exact
parameters for the increased property value with the exception of yield that
was adjusted downward by seven out of eight participants. This could be
interpreted that most of the participants consider certified properties less
risky than non-certified properties. Similarly, seven out of eight partici-
pants responded that the certificate does not have an effect in the parame-
ter of Repair and Replacement Costs.

The main result of higher property values were expected even though it
was surprising that the results were so consistent with each other: all of the
participants valued certified properties higher. Additionally, based on the
interviews with industry professionals, it was expected that different partic-
ipants would weight different DCF input parameters differently. However,
it was unexpected that yield was decreased in almost all of the responses,

because yield often has the highest impact on property value. On the other
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hand, earlier research indicates that certified buildings are less risky, and
since yield measures risk, adjusting it is an easy way for incorporating the
impact of a certificate into the property valuation. In addition, since yield is
the most subjective of the parameters, it might be the logical parameter for
including the green certificate.

Finally, the results seem to suggest (based on analytical not a statistical
generalization) that a green certificate increases on average the property
value with 9.0 % in the DCF valuation model. The finding is in line with the
earlier theoretical studies presented in the literature review. All of respond-
ents adjusted the DCF parameters to have a positive effect in the property
value. The standard deviation of the positive effect was high, so there was
not a clear consensus of the size of the positive impact between the re-
spondents. It is notice worthy that the above deduction is based on the
highest available LEED certificate, and thus cannot be generalized to all
green certificates. Additionally, the scope of the research was Finnish office
property market. The findings are based on a rather small sample size, part-
ly because of the small number of property valuers, investors, and develop-
ers in the Finnish real estate and construction sector, and partly because a
strong hypothesis could be constructed based on earlier literature and the
study was sort of “critical case” design. Finally, the DCF is known for its
weaknesses in producing reliable results, if the input parameters are not

well founded.
3.2 Paper lI: Valuing green building certificates as real options

The second paper is a follow-up to Paper I, which raised the question is
DCEF the best method for analysing the value of a green building certificate.
The data gathered in the first paper could be used in real options valuation
as well. Thus, the second paper evaluates whether ROA could supplement
the dominant DCF valuation in valuing green building certificates, which
during the past decade has become the mark of sustainability in the indus-
try.

The paper addresses the research questions from a sustainability invest-
ment perspective. Investments into sustainability are recognized as one of
the key future topics in the real estate industry (Roper and Bear, 2006).
However, investments in sustainability seem to have been delayed partly
because justifying the investments with the traditional investment analysis
methods is difficult because of uncertainty in the value creation of a sus-
tainability investment. On the other hand, ROA has been used for justifying
investments that traditional investments analysis methods fail to justify
(Trigeorgis, 1990; Kemna, 1993; Grenadier and Weiss, 1997; de Neufville et

al., 2006). The paper discusses whether green certificates could be valued
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as real options by identifying the option characteristics of green certificates,

see Table 4.

Table 4 Real option characteristics of green certificates

Option  characteristics of

green certificates

When to use (real) option val-

uation

The scope of potential future value
of green certificates is very wide.
All the way from a new industry
standard (building without the cer-
tificate does not sell) to nothing
(new low-carbon legislation makes

green certificate obsolete)

“When there is a contingent in-
vestment decision. No other ap-
proach can correctly value this
type of opportunity.” (Amram and
Kulatilaka, 1999)

It seems that the uncertainty of the
value of a green certificate has
probably delayed investments in

green buildings and certificates.

“When uncertainty is large enough
that it is sensible to wait for more
information, avoiding regret for
irreversible investments.” (Amram
and Kulatilaka, 1999)

The value of a green certificate in-
cludes growth options, e.g., if in the
future, green certified buildings are

transacted with a value premium.

“When the values seems to be cap-
tured in possibilities for future
growth options rather than cur-
rent cash flow.” (Amram and Ku-

latilaka, 1999)

The green certificate provides flex-
ibility to the holder, e.g., better
positioning in the market, depend-
ing on the position of green certifi-

cates in the future.

“When uncertainty is large enough
to make flexibility a consideration.
Only the real options approach
can correctly value investments in

flexibility.” (Amram and Kulatilaka,
1999)

At the moment, the value of a green
certificate has not been proven in
practice; thus, it is an unique asset

without true comparables.

Uniqueness or presence of compa-

rables (Damodaran, 2002)

Market value for green certificates
has not been determined; there-
fore, the value of a green certificate
should be based on fundamental
analysis rather than reference to its

market value.

Market neutrality, determining
intrinsic  value (Damodaran,
2002)
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Markets are not efficient in valuing
the flexibility that a green certifi-

cate may provide in the future.

Beliefs about markets (Damo-
daran, 2002)

The main finding of the paper is that green certificates have several char-
acteristics that makes it well found to value them as real options and that
ROA can be used for the valuation. The paper also explains how option
pricing theory and DCF deal with uncertainty and suggests that the short-
comings of DCF could be addressed with ROA.

The applicability of ROA for valuing green certificates is also demonstrat-
ed using the fuzzy pay-off method (Collan, 2009). The method is applied
into green certificate data gathered from eight professional industry organi-
zations (two valuers, three investors, and three developers). The eight dif-
ferent responses are analysed as individual cases and cross-case conclu-
sions are drawn. The results show that the green certificate (LEED Plati-
num) can be valued using ROA in every case, and that the mean value gain
from the estimated LEED Platinum certificate upgrading of an office build-
ing is €985,000 (or 8.8% of the mean property value) for all of the cases.
The authors of the paper are not aware of other studies where green build-
ing certificates are valued using option pricing models.

The main deduction from the empirical findings is that by examining the
certificate as a real option, the uncertainty of the value gain from a certifi-
cate can be addressed with real-life data. It is argued that analysing the im-
pact of a certificate in multiple scenarios is better than trying to include
everything in a single valuation. The real option value in the case comes
from the flexibility to adapt into future market conditions where the role of
green certificates is uncertain.

The generalization of the paper’s results is examined from two perspec-
tives. The theoretical framework of the option characteristics of green cer-
tificates is based on the paper’s authors’ interpretation and is thus subject
to external evaluation. However, the characteristics are widely noted and fit
into the uncertainty issues between DCF and ROA. The main reason for the
empirical study is to demonstrate the use of ROA in valuing green certifi-
cates. Thus the empirical result of the value premium (8.8%) should not be
directly generalized to other office buildings, especially in different settings
and market areas. However, the results could be used as guidance for the

development of ROA in valuing green certificates.
3.3 Paper lll: Valuing flexibility in a retrofit investment

The third paper addresses the research questions from a flexibility in-

vestment perspective. Maximizing occupancy rates and profitability re-
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quires design flexibility, which can be provided by introducing new tech-
nologies and planning methods, such as mobile walls and open building
design. However, while estimating the costs of these investments is relative-
ly straightforward, measuring the economical value of the flexibility in-
vestments in premises is not due to the uncertainty of the potential future
cash flows. In this paper, the economical value of flexibility is examined in a
real life investment case using ROA. The value is evaluated from two per-
spectives: the value gain to a corporation and the value gain to a corporate
real estate (CRE) unit (Senate) of the corporation.

The purpose of this paper is to research how ROA can be used for valuing
flexibility in a real retrofit investment case, to present a research process for
valuing the flexibility in a retrofit investment case and to evaluate the em-
pirical usability of ROA results compared with traditional DCF valuation
results. First, the results supports the idea that ROA is able to produce nu-
merical and comprehensive data for valuing flexibility in a real retrofit in-
vestment case. In the case study, it is indicated quantitatively that the whole
building should not be made flexible because the flexibility is economically
feasible only in certain sections of the building. The present value of the
pay-off from flexibility ranged from a negative €58/sqm to a positive

€130/sqm, depending on the tenant and space, see Table 5.

Table 5 Pay-off of flexibility per tenant (discounted to present using 7.0 per cent discount
rate)

Initial
investment  Option value CRE  Pay-off CRE Option value Pay-off
Tenant cost unit (Senate) unit (Senate) corporation  corporation
Tenant 1 — €65/sqm €81/sqm €16/sqm €97/sgm €32/sqm
Tenant 5 — €65/sqm €81/sqm €16/sgm €161/sqm €96/sgm
Tenant 6 — €65/sqm €13/sqm — €52/sqm €173/sqm €108/sgm
Tenant 7 — €65/sqm €16/sqm —€49/sqm €128/sqm €63/sqm
Tenant 8 — €65/sqm €70/sqm €5/sgm €195/sqm €130/sgm
Tenant 9 — €65/sqm €7/sqm — €58/sqm €7/sqm —€58/sqm
Tenant 10 — €65/sqm €8/sqm —€57/sqm €8/sqm —€57/sqm

Second, a seven-step research process is developed for valuing the flexibil-
ity. The research process provides guidelines for the systematic valuation of
flexibility in a real estate context where the tenant’s space requirements are
uncertain. Third, ROA results are found to deliver more comprehensible
data for decision-making than the results from DCF valuation only. The
main difference is the projection of uncertainty in ROA where ranges of
vacant space are assessed in minimum, best guess and maximum scenarios.
These numerical projections provide an indication of the extent and the
actual location of the benefits achievable with flexibility. Finally, the pro-

cess provides information for comparing the pay-off and the risks of flexi-
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bility, justifying investments into flexibility and, eventually, avoiding un-
profitable investments into flexibility.

In the paper, the results were assessed in a workshop with the CRE unit’s
investment experts who perceived ROA as a valuable approach to systemat-
ically sharing and analysing investment decision-making information inside
the company. The main advantage of the method compared to DCF valua-
tion was found as handling of uncertainty, i.e. individual tenant risks were
assessed more carefully and systematically by acknowledging several
sources of information. Also, projection of the three scenarios into the
building layout provided Senate with a comprehensible result that showed
the potential vacancy for each tenant. The comprised scenarios also provide
practical benefit: it is easier to include several opinions from different ex-
perts into the analysis; this allows for the easier follow-through of proposals
within an organisation. Overall, it was concluded that ROA provided Senate
with better decision-making material regarding retrofit investments. The
analysis pointed out where flexibility is economically justifiable and where
it is not, i.e. which options are worth investing in and which are not.

The findings of the paper were found to be in line with the earlier research
(Greden and Glicksman, 2005; de Neufville, 2006) suggesting that ROA is a
suitable method for valuing flexibility in real estate projects. The major dif-
ference in the findings of the paper compared to earlier research was the
used solution technique for ROA. The applicability of the fuzzy pay-off
method into a practical investment case was found straightforward because
the assignment of probabilities into different uncertainty scenarios was
unnecessary.

The main contribution of the paper is to demonstrate the use of ROA in a
real life investment case. Real options literature, especially in the real estate
and construction sector, has requested for new applications of ROA in prac-
tical settings. This paper adds to the request with an example of evaluating
flexibility in a retrofit investment case. The empirical analysis produced in
this paper can be used for guidance and as motivation for finding further
applications of real options in the industry. Additionally, within the field of
CRE, the paper adds to the value creation and distribution between a cor-

poration and a CRE unit.

3.4 Paper IV: Value of waiting - option pricing as a tool for res-
idential real estate fund divestment management

The fourth paper addresses the research questions from a residential real
estate fund divestment perspective. The paper discusses two insufficiently
examined topics: portfolio divestment strategies and residential real estate

valuation.
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The purpose of the paper is to use option pricing for quantifying the op-
tion to wait in a residential real estate fund divestment case. It is argued
that embedded options in a divestment decision should be acknowledged
and that option pricing can supplement the current mainstream investment
analysis methods in producing better decision-making material for the de-
cision-maker.

The paper founds that standard industry valuation practices miss the val-
ue of active fund management that should be included when planning a
fund divestment strategy. Option pricing provides a risk-neutral quantified
value whether an apartment building portfolio should be divested in a sin-
gle transaction or in multiple transactions over time. In the paper’s case
study, an option value of 6.6 % was found for a residential real estate port-

folio, Figure 4 demonstrates the option pricing of an individual apartment.
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Option value (€) Apartment value after 0.90 years (€)

Figure 4 Option pricing of a two-bedroom apartment.

The application of option pricing questions whether apartment building
valuation should include the opportunity value as an embedded option. It is
proposed that management should acknowledge this value in decision-
making.

The paper underlines that the option value premium was not unexpected
because in practice it is expensive and takes time to build a large real estate
portfolio. It is unknown why this value is not recognized, especially when
apartments are viewed as the most riskless real estate class with a great
potential for value appreciation. The approach proposed in the paper risk-
neutrally calculates the value appreciation from the range of the potential
values, which provides the decision-maker a deeper understanding of the

implications regarding the chosen line of action.
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The paper’s findings suggest that the case study fund should be liquidated
by selling the apartments individually. However, since the values of options
are tied to the risk (volatility) of different apartment buildings, optimal exit
strategy is the one that maximizes risk-return levels and meets the fund’s
targets. For example, does the fund want to return the liquidated assets to
investors as soon as possible (individual apartments from all apartment
buildings are put on market at the same time), does the fund want to max-
imize both rental income and potential apartment value increase during the
sales process (first apartment buildings with longer total sales time are
sold), does the fund want to maximize potential apartment value increase
during the sales process (riskier apartment buildings are held longer during
the sales process), does the fund want to maximize rental income but to
minimize apartment value risk (riskier apartment buildings are sold first).
These decisions can be examined with equations of modern portfolio theory
by following sales times and volatilities of different apartment buildings

and updating the risk-return levels of different apartment buildings.

3.5 Paper V: Risk management with real options in public pri-
vate partnerships

The fifth paper addresses the research questions from a public private
partnership (PPP) perspective with specific characteristics of flexible con-
tract and long contract period. PPPs have secured a position as an alterna-
tive to direct investment in construction projects in the municipal sector.
The construction costs of PPP projects are often justified by stating that the
quality of construction is better and the overall lifecycle costs are optimized
according to the client’s needs. Recently a need for flexibility in PPP con-
tracts has emerged. In some cases the client demand for services may vary
during the concession period. This generates a need to make flexible con-
tracts between the client and the provider. Providers in PPP projects have
an increasing need to identify and manage uncertainty and risks related to
contract flexibility. In order to do this effectively, the economic feasibility of
risk management actions must be evaluated.

The purpose of this paper is to use ROA for evaluating risk management
actions in a Finnish healthcare project. A large Finnish healthcare facility
PPP project is used as a case in the paper. The key performance metrics
used are high building occupancy and rental yield.

Three main sources of uncertainty are identified related to the flexible
contract and long contract period. Accordingly, the risk management ac-
tions for coping with the uncertainties were proposed and examined with
the developed ROA procedure. The provider stated to have received several

benefits from ROA such as decision-making information directly applicable
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to investment decision and guidelines for developing briefing and design
management documents; thus, potentially improving project profitability in
later life-cycle stages.

The actual monetary values provided by ROA were 680 000 € for flexibil-
ity designed in parking structure compared to the original design. The pro-
posed physical flexibility for coping with the uncertainty in final space de-
mand was found to have a value of 460 000 €. The building integrated on-
site energy source production for addressing the uncertainty in raising en-
ergy costs was found to have an option value of 440 000 €.

The theoretical implication of the paper is that ROA can reveal opportuni-
ties and risks inside a PPP project that might remain unnoticed with the
traditional investment analysis methods. The identification of separate in-
vestments as options can be used for managing risk and value inside a PPP

project.
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4 Conclusions and discussion

4.1 Summary of the results

The aim of this dissertation was to examine the opportunities that real op-
tions analysis opens in real estate investment analysis and decision-making
as well as determine real option values in topical issues affecting the real
estate industry. The accordingly set research questions were addressed by
reviewing past literature and by conducting relevant case studies.

The literature review organized real estate related real options literature
into major application domains, and stated benefits of ROA in investment
decision-making. The literature revealed that ROA could provide valuable
insight into strategic decision-making, enhance understanding in land val-
uation and building flexibility analysis, highlight the importance of embed-
ded options in lease contracts and help justifying investments in renewable
energy solutions. However, most of the studies were conducted in hypothet-
ical settings and many pointed out that real life cases are needed for vali-
dating the findings.

The conducted case studies addressed the research questions from differ-
ent application levels: conceptual (Paper I and II), property (Paper III and
V) and portfolio (Paper IV). The case studies used available real-life data on
real investment opportunities as well as discussed the findings with indus-
try professionals. In this a way, the findings of the case studies answer the
need for real-life cases on the topic. The scope of the dissertation is limited
to real estate investment field, even though the method could be applied to
several other fields in the built environment.

Papers I and II discussed how ROA can supplement DCF in uncertainty
assessment by identifying option characteristics of green building certifi-
cates. It was found that contemporary real option valuation methods are
appropriate for assessing the value uncertainty of green building certifi-
cates. The findings suggest that investment analysis of a building certificate
could benefit from expanding the analysis to include the effect of different
market conditions.

Paper III found that ROA can provide justification where flexibility in

premises is economically sensible. The approach was found to assess uncer-
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tainty more efficiently than DCF by taking into account several sources of
information regarding the tenant risk. This generated more accurate, nu-
merical decision-making information for allocating limited funds in an in-
vestment case.

Paper IV found that option pricing can provide risk-neutral quantified
value whether an apartment building portfolio should be divested in a sin-
gle transaction or in multiple transactions over time. The paper argues that
standard industry valuation practices miss the value of active fund man-
agement that should be included when planning a fund divestment strategy.

Paper V pointed out that ROA can reveal opportunities and risks inside a
PPP project that might remain unnoticed with the traditional investment
analysis methods. The identification of separate investments as options can
be used for managing risk and value inside a PPP project.

The findings of the dissertation demonstrate that the current valuation
practices miss value elements that are important in real estate investment
analysis and decision-making, and that ROA can help identify and value
these elements. The findings provide new viewpoints for analysing real es-
tate investments, especially presenting how ROA can supplement the DCF
valuation in conventional investment cases. Furthermore, the feedback
from practitioners in the Papers III and V suggests that ROA provides new
information for decision-making by allocating resources more efficiently.
The dissertation finds that ROA can enhance real estate investment analysis
and decision-making and proposes that:

i.  ROA should be used in real estate investment analysis and man-
agement because it can identify value elements missed by standard
valuation practices

ii.  lifecycle performance of real estate assets can be enhanced with
real options
iii. ~ ROA can produce results that can encourage investments neces-

sary for long-term success in the real estate industry

4.2 Contribution of the research

The contribution of this dissertation can be assessed by first looking into
the parts individually and then as a whole.

The literature review organizes the literature of real options research in
the real estate industry, which is of value for both researchers and practi-
tioners. The review is of use for both newcomers and professionals in the
topic of real options because it introduces key articles over the real options
theory as well as application domains in the real estate industry.

Paper I is the first known study to empirically open the value influencing

mechanisms of green building certificates presented in earlier theoretical
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studies. The findings of the study identify issues in investment analysis
methods that should be examined further.

Paper II is the first study to argue that option-pricing theory can be used
for valuing green building certificates. The identification of the option char-
acteristics of green building certificates and demonstration of ROA in an
empirical case questions whether the current mainstream investment anal-
ysis approaches are the most suitable methods for valuing sustainability
related investments.

Paper III adds to the request for new applications of ROA in practical set-
tings with an example of evaluating flexibility in a real retrofit investment
case. The empirical analysis produced in this paper was perceived valuable
by the case study investor and can be used as a guidance and motivation for
further applications of real options in the industry.

Paper IV is the first of its kind to propose that value of waiting to divest is
an important element when planning a real estate fund divestment. The
approach proposed in this study risk-neutrally calculates the value appreci-
ation from the range of the potential values. This provides the decision-
maker a deeper understanding of the implications regarding the chosen line
of action.

Paper V illustrates that real options have practical applications in manag-
ing risks in PPP projects. In fact, the provider of the project has already
reported to receive benefits from the analysis. For example, the output of
the analysis presented in this study was used as an investment analysis
document in the actual investment decision-making process by the provid-
er’s board of directors. Later on the building briefing process and design
team selection were partly based on the results from the analysis.

As a whole, this dissertation contributes to the body of knowledge in real
estate investment field by introducing what ROA can bring into investment
analysis and decision-making. The categorisation of previous research and
building upon it new applications form a coherent whole of the method’s
potential in the real estate industry. The results enhance real estate invest-
ment analysis and decision-making by highlighting the role of uncertainty
through different application levels. It points out that option analysis can
reveal new information and lines of actions, which can supplement or re-
place results of traditional DCF analysis. This is important for directing
limited resources in long-term investments into right positions. The results
presented in the papers enhance lifecycle performance of real estate in-
vestments from different viewpoints, and serves as a guidance for profes-
sionals in similar decisions but as well as a starting point for developing
new applications. The dissertation also discusses the practical adaptability

of real options valuation techniques through different cases. At least the
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methods used in the dissertation, FPOM and BOPM seems to be relatively
easy to use and understand. The amount of information they need can pro-
duce approximation of results that can enhance investment analysis and
decision-making. At the very least, the approach can help practitioners to
identify new relevant information that can help reduce risk in real estate

investments and guide limited resources into real sources of added value.
4.3 Evaluation of the research

Each paper contains its own discussion regarding the quality of research.
This section evaluates the research quality of the dissertation as a whole.
Yin (1994) presents four tests relevant to evaluate the quality of case study
research: construct validity, internal validity, external validity and reliabil-
ity.

Construct validity evaluates whether correct operational measures are
used for the studied concepts (Yin, 1994). Yin suggests three tactics for in-
creasing construct validity: multiple sources of evidence, chain of evidence
and reviewing case study reports by key informants. This dissertation has
examined the research problem using multiple case studies and the findings
from multiple sources of evidence have supported the argument of the dis-
sertation. Data have been collected from multiple sources and the case
studies have quantitatively formed a chain of evidence between the ques-
tions, data and conclusions. Finally, the findings have been benchmarked
against previous research and in some cases with key informants.

Internal validity examines the relationship between conditions in causal
and explanatory research (Yin, 1994). The quantitative research approach
using documented real options valuation techniques enhances internal va-
lidity because the case studies numerically produce relationship between
starting parameters and results.

External validity measures the generalization of the results (Yin, 1994).
The findings of this dissertation are analytically generalizable because the
research processes and results can be used to test the real options theory
and valuation techniques in general. The case studies use real-life data,
which can be replicated in similar settings to test the generalization.

Reliability measures the repeatability of the research procedures and re-
sults (Yin, 1994). Yin suggests that two main ways for increasing reliability
are clear documentation and making as many steps as possible during the
research process. This dissertation mainly uses quantitative approach for
research, which is carried out in practice with well-documented ROA meth-
ods and presenting openly the starting data, intermediate results and final
results. A good example is the division of the first study into two papers (I
and II). This allowed the presentation of the data and analysis of both in-
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termediate and final results in substantial detail. Additionally, the papers
discuss in detail the steps taken in the calculations. Together the effect of

these ensures high reliability.

4.4 Future research

The research topic of this dissertation could be pursued further in several
ways. Firstly, more case studies are needed for demonstrating the potential
of ROA in real-life settings. Secondly, this process could be hastened by
developing an easy-to-use manual containing real options theory and past
applications as well as real option valuation techniques in a spreadsheet
format for lowering the threshold for practical adaption. Since the manual
in practice would greatly benefit from real-life cases, the manual should be
updated as the cases are identified and conducted. Thus, an open source
platform could help the process and practical adoption of the method.

The content of this dissertation could serve as a basis for the manual, even
though much more research has to be conducted. The literature part would
benefit from selected detailed case descriptions from past research in each
identified applications domains as well as linking the cases into decision-
making processes of real estate investors. The used real options valuation
techniques could be complemented by adding other methods, such as Mon-
te Carlo Simulation and providing guidelines with decision-rules when to
use each method as well as describing the advantages and disadvantages of
each method in different real-life settings. The accuracy of the results be-
tween the valuation techniques should be discussed because often pinpoint
accuracy is unnecessary in practical decision-making. The real options lit-
erature seems to have lacked this discussion, as there are many examples
where a perfect “rational” real options approach has not grown in number
due to over-complexity and under-transparency to the markets. This is why
the potential of more simplistic methods, such as FPOM, should be dis-
cussed more. Historically, the real estate industry has started with more
simplistic analysis methods before moving into more complicated methods,
e.g. direct capitalization before DCF valuation.

There are several interesting topics for further research in general and for
specific application fields. In general, as ROA is a method that connects
financial and engineering analysis, it is necessary to rethink whether cur-
rent decision-making material producers, which seem to be mainly (finan-
cial) analysts using DCF, incorporate enough real estate substance (i.e.
technical attributes, environmental and areal qualities and future rental
opportunities) information in the analysis. This is something that should be
studied further together with practitioners and real estate education be-

cause building attributes are the real source for added value, e.g. a green
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certificate does not reduce lifecycle costs of a building per se. Additionally,
building attributes will likely have a larger role in the future due to the
megatrends affecting the industry. This could be clarified further by dis-
cussing the linkage between flexibility and sustainability: flexibility extends
the useful life of buildings and this has both economical and environmental
implications. A good starting point for this kind of research could be to in-
crease the understanding of the current decision-making processes in the
real estate industry and to identify how real options could enhance these
processes.

Interesting topics for case studies can be identified in several specific ap-
plication fields. Energy efficiency surveys and investments have the poten-
tial to have a significant impact on real estate maintenance costs, which
should be transformed into higher real estate values in appraisal. The un-
certainty in the true decreasing maintenance cost effect could be assessed
with ROA. Building information modelling (BIM) can be used for marking
real options in building technical data and layouts. This is an interesting
topic for concretely communicating the purpose and eventually value of real
options to different stakeholders. Since real options can be used for trans-
forming risk profile of investments, the potential that real options opens up
in real estate financing is an interesting topic for further research. Finally, it
would be interesting to examine that could more flexible buildings reduce

the supply inelasticity of real estate markets.
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The understanding of real options analysis
(ROA) has been claimed by academics to be
extremely valuable for the real estate
industry; yet adoption of the method in
practice has been very slow. The aim of this
dissertation is to examine opportunities that
ROA opens in real estate investment
analysis and decision-making as well as to
demonstrate the actual real option value in
some topical areas of real estate

investment. The findings of the dissertation
demonstrate that the current valuation
practices miss value elements that are
important in real estate investment analysis
and decision-making, and that ROA can help
identify and value these elements. The
findings provide new viewpoints for
analysing real estate investments, especially
presenting how ROA can supplement the
dominant discounted cash flow valuation in
conventional investment cases.

ISBN 978-952-60-6007-1 (printed)
ISBN 978-952-60-6008-8 (pdf)
ISSN-L 1799-4934

ISSN 1799-4934 (printed)

ISSN 1799-4942 (pdf)

Aalto University

School of Engineering

Department of Real Estate, Planning and Geoinformatics
www.aalto.fi

BUSINESS +
ECONOMY

ART +
DESIGN +
ARCHITECTURE

SCIENCE +
TECHNOLOGY

CROSSOVER

DOCTORAL
DISSERTATIONS



	Aalto_DD_2014_204_Jussi_Vimpari_verkkoversio


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /SUO <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


