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AN INNOVATIVE APPROACH FOR THE EVALUATION OF
EXPANSION OPTION IN BUILDINGS
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Hassan Ishaq®
1,2.3.4'Department of Building, Ahmadu Bella University, Zaria, Nigeria.

Expansion option (EO) in buildings is more valuable when it is easier to achieve.
Creating EO in initial building designs facilitate future expansion. However, this
requires additional investment and the future is unknown whether or not the option
would ever be exercised. This paper proposes an innovative approach for the
evaluation of EO in buildings to avoid under or over-investment. Mathematical
equations and algorithms were first developed based on the binomial method (BM)
of real options analysis which were then implemented on a computer system. An
algorithm was also developed for Monte Carlo simulation (MCS) and integrated
with the binomial model. To illustrate its applicability, a real-life project was used
to test the model. Sensitivity analysis was conducted to explore the influence of
input variables on expansion option value (EOV). The result shows that inflation
rate (i), borrowing rate (b), and rental value (Ri) are the most sensitive variables for
EOQV. An increase in i and Ri byjust 5% causes a corresponding increase in EOV by
16.26% and 10.60% respectively. While an increase in b by just 5% causes a
corresponding decrease in EOV by 14.61%. However, the least sensitive variables
appear to be the discount rate (r) and volatility (6), An increase in r by 5% causes a
decrease in EOV by 6.9% while an increase in 6 by 5% causes an increase in option
value by 5.85%. Also, the result shows that creating EO in the initial design adds
over 10% value to a building. More so, by integrating the BM with the MSC method,
EOV increases by 190%. The model builds upon a previously developed model for
evaluating building development option (DOV) which was found to have a result
accuracy of 80.77%. It was recommended that building investment decision-makers
should combine both BM and MCS to obtain more reliable and sustainable results.

Keywords: binomial method, building investment, expansion option, Monte Carlo
simulation, sustainable building development
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necessary to ensure optimal investment - avoiding under or over-investment.
Therefore, comprehensive evaluation of building projects is crucial especially in an
era of economic downturn. However, despite the existence of whole-life costing
{(WLC) models, determining the economic benefits of buildings has been a difficult
task due to the lack of reliable data and the inherent limitations of the existing WLC
models (Tokede, Love & Ahiaga-Dagbut 2018). They added that the common
approaches to investment appraisal for building projects are the payback period
and discounted cash flow (DCF) techniques. The payback approach is unable to
capture the time value of money and the lifetume of the investment (Christersson,
Vimpari, & Junnila 2015). The DCF techniques include the net present value (NPV),
internal rate of return, return-on-investment, and benefit/cost ratio, (Tokede, Love
and Ahiaga-Dagbui 2018). The NPV method is the most widely used generally
accepted approach for investment appraisal (Akkoyun 2012; Ma et al. 2012; Kishk
et al. 2003; Boussabaine & Kirkham 2004}, However, these tradittonal methods of
investment appraisal used in WLC are unable to take account of the value of
operational flexibility of a project and uncertainties in costs and benefits (Trigeorgis
1996, Cruz & Sanchez 2017; Peters, 2016; Fawcett 2011). Therefore, the need for
innovative approaches to overcome some of the limitations of the DCF technigues.

According to Tokede, Love and Ahiaga-Dagbut (2018), mathematical modelling has
been used for WLC which builds on the NPV method and it provides a relevant
framework to assess the investment potential of buildings. Many researches have
been conducted under the standard WLC approach and different models have
been developed. However, under the standard WLC approach, decisions are made
‘now or never’. But, there is uncertainty in future costs, which include costs related
to future changes to building uses, changes to resource consumption, and
alterations to facilittes throughout a butding's life (Ashworth & Perera 2013).
Although Kishk et al (2003} argued that the principles of WLC are well developed
in theory, Tokede Love and Ahiaga-Dagbui (2018) encapsulated that there is
convincing evidence that this is not the case. They added that there is room for
improvement on the weaknesses of the standard WLC approach, especially in
emerging butlding typologies. This brought about the need for a new generation
WLC (Ellingham & Fawcett 2006) which uses lifecycle options (LCO) - flexible
strategies incorporated in the initial design of a building which allows for
alternative courses of action to be followed i the future (Fawcett, Hughes &
Ellingham 2012).

LCO is in line with real options (RO) approach (Elingham & Fawcett 2006) which is
also another popular investment valuation method (Peters 2016, Tokede, Love &
Ahiaga-Dagbui 2018). According to Kodukula and Papudesu (2006), the RO
approach addresses the weakness of the DCF techniques. Katerina (2015) added
that the best way to value a development project is through RO valuation theory.
When using the RO approach, it is important to anticipate future trends {Tokede,
Love & Ahiaga-Dagbut 2018) which can be modelied using the bwnomal tree
approach (Menassa, 2011; Neroutsou & Croxford 2016). Therefore, this approach
can guide building investment decision-makers in making better decisions to
increase whole-life value (Ellingham & Fawcett 2013), Lawal and Ibrahim (2018)
identified the types of LCOs to include development or deferral option, expansion
or upgrade option, abandonment option, switching use option, option for new
technology, reconfiguration option, refurbishment option, contraction option,
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option to suspend project, and option to switch projects. This paper proposes a
model for the evaluation of expansion options (EO} in butldings.

According to Ellingham and Fawcett (2006), most buildings have EOs but some are
not recognised and incorporated in the initial design. They added that identifying
and creating EO in initial building design facilitates future expansion and thus
making 1t more valuable. Also, Stephen et al. (2016) stated that although the imtial
cost is increased by creating EO, but the flexibility for future expansion will be
improved. Therefore it is obvious that EO adds value to a building but, t s created
for uncertain and distant benefits, Since, creating EO in initial buitlding design
requires additional investment and the future is unknown whether ar not the
option would ever be exercised, therefore, it is crucial to evaluate the option’s
value. Ellingham and Fawcett (2006} stated that though, EO s common, it is usually
not evaluated and mostly overvalued or undervalued. They further stated that
undervaluing EO happens when future expansion 1s made unnecessarily expensive
or impossible because EO was not initially created or retained, while overvaluing
EQ happens when resources are committed for unlikely expansion possibility.
Hence, this paper develops a madel for the evaluation of EO in buildings. The
objective of this paper is to present a model that quantifies the value of creating
EO in initial building designs.

LITERATURE REVIEW

Expansion Option (EO)

EQ comes into play where an investment permits the present capacity to be
increased (Peters 2014) te. when a building s capable of being expanded
(Elingham & Fawcett 2006). According to Cruz and Sanchez (2017), EO offers the
option of increasing the productive scale of a project by making additional
investment. Sun, Wang and Meng (2019) added that EO is a type of real option,
whereby an investor has the right, but not the obligation, to expand the project’s
scale as market conditions change. That is, a developer can invest further into a
project f conditions are favourable. Other authors pointed out that EO s equivalent
to an American call option, given that it allows for the consideration of making an
additional investment if a project is profitable (Copeland, Koller & Murrin 2000,
Peters 2016). Peters {2016) added that the exercise price of EO is equivalent to the
cost of creating the additional space discounted to the time of the option exercise,
Schwartz (2013) and Peters (2016) stated that an investor may even accept a
negative NPV on the initial evaluation of a project because of the possibility of high
positive NPVs in the future. Therefore, take account of future uncertainty, some
developers builld on a small scale, and in the future if there is positive growth in
demand, the scale can be expanded. Panayt and Trigeorgis (1998) agree that this
‘wait and see” approach significantly improves the project's value. The major
decision under EO is to determine the value of creating EO and the right tume to
exercise the option (Lawal 2020). Ellingham and Fawcett (2006), outlined five
factors upon which EO depends. These are:

1. Amount of uncertainty: EO s more valuable when there s high uncertainty.

2. Duration of option: EOs that are longer lasting or perpetual are more valuable.

3. Trigger point: EOs are more valuable if the probability of exercising the aption
is high.
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4. Cost of exercise: EOQ 1s more valuable if the cost of exercising the option s low,
5. Resulting benefit: EO is more valuable if the resulting benefit is high when the
option is exercised,

Expansion Capacity (EC)

Expansion capacity involves the abnlity to increase facilities, space, or size over time
to meet increased demand (Stephen et al. 2016). Stephen et al. (2016) added that
the future expansion capability gives a building a real option that may be exercised
at any time or never. The future demand determines the optimal time to exercise
EQ in the future. Stephen et al. (2016} suggested that £EO should only be exercised
when it has a positive NPV, as shown in Figure 1. This allows a developer to guard
against the consequences of unfavourable circumstances and to benefit from the
possible opportunities that may arise during implementation (Stephen et al. 2016).

The Option 1o Expand
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Figure 1. Positive NPV is needed to exercise expansion option (Source: Stephen et al. 2016).

Real Qpticns (RO}

RO is the right but not the obligation to undertake certain business initiatives, such
as developing, deferring, abandoning, expanding, staging, or contracting a capital
investment project. Real options analysis {ROA) originated from financial optians
and gained popularity after the development of the Black-Scholes option-pricing
model {(Kwabena et al. 2018), The term “real option” was introduced by Myers
(1977). Copeland and Antikarov {2001) refer that an option holder has the right but
not the obligation to exercise an option until its expiration date. According to
Peters (2016), the common types of real options are the option to defer, option to
expand ar contract and option to abandon or switch. According to Peters {2016),
the fundamental methods for ROA are the Black Scholes method (BSM) and the
binomial method (BM). Peters (2016} added that the other methods are either an
extension of these two or simulation-based models.

Lifecycle Option (LCO)

The options approach to whole-life costing (WLC) was proposed by Ellingham and
Fawcett (2006}, The approach adopted the term ‘lifecycle options 'which provides
the basis for a new generation WLC. The principle behind LCO is that rather than
making decisions today when there is high uncertainty, it would be better if
decisions are made in the future when more information becomes available.
Fawcett, Hughes, and Ellingham (2012} defined LCO as a design feature that (s
incorporated in the initial design and construction of a building, which allows for
alternative courses of action to be followed in the future. LCOs are an instance of
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the more general concept of RO and they provide opportunities to respond to
future changes (Fawcett, Hughes & Ellingham 2012). These future changes can
emerge from (Tokede, Love & Ahilaga-Daghut 2018):

LI Economic benefits: e.g. saving future costs of building maintenance.
[1  Technological benefits: e.q. harnessing new and evolving technalogies such as
smart meters and control.

LI Social benefits: e.g. response to legislative changes - asbestos ban
1 Environmental benefits: e.g. minimising Lhe embodied energy in buildings.
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& Ahiaga-Dagbui 2018)

Figure 2 shows the decisions in the standard WLC approach and the options-based
WLC approach. LCOs appraisal builds on scenario modelling and aims to foster the
creation of options that ensembles optimal and long-term performances tn
buildings {Goh & Sun 2018&).

Binomial Method (BM}

The BM was first proposed by Cox, Ross, and Rubinstein (1979) and provides a
general method for options evaluation (Peters 2016). The BM is suitable for
representing uncertainty that increases over time and it has the advantage of being
easy to build and understand {Lawal et al 2021}, Though it is sometimes
computationally stressful, but it can be successfully implemented on a spreadsheet
package. According to Mun (2002), although both BM and BSM are proven to
provide reliable results, BSM has limitations of being very difficult to derive and
highly specific (Mun 2002). Mun (2002), pointed cut that the BM is easy o
implement and explain because it requires no more than simple algebra.

Monte Carlo Simulation {MCS)

Computer simulation can be used when there are uncertainties in input variables.
MCS s a widely recognized tool that was introduced in capital budgeting problems
by Hertz in 1968. According to Brealey, Meyers and Allen (2006), MCS can be used
to generate all possible combinations of inputs and therefore, capable of
generating the entlre distribution of all possible outcomes. Lotzou and French
(2012) added that MCS assists decision-makers to be more rationat and consistent
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in their decisions and to gain a greater understanding of all of the risk factors in a
development project.

Call and Put Options

Peters (2016) and Ellingham and Fawcett (2006) stated that there are two basic
forms of financial options which can be grouped into call and put options.
According to Arnold (2014), a call option gives the option holder the nght (but not
the obligation) to buy a stock at a particular price within a specified period while a
put option gives the option holder the rnight {(but not the obligation) to sell a stock
at a particular price within a specified time. Hence, the put option can be viewed
as the opposite of the call option (Lawal et al. 2021}, Arnold (2014) posited that the
exercise of an option prior to maturity can occur if the oplion is an American option
whereas a European option can only be exercised at maturity. Peters 2016) added
that for the American option, an option holder has the right to exercise the option
at any time during its life while for the European option, the option holder has the
right to exercise the option only at the end of its life.

METHODOLOGY

In this paper, an innovative model for the evaluation of EO in buildings has been
developed to improve the economic sustainability of proposed building projects.
Mathematical equations were developed based the on BM of real options analysis
(ROA) first developed by Cox, Ross, and Rubinstein (1979). The mathematical
equations were derived in lne with 150 15686-5 (Lie-cycle costng) cost
breakdown structure. Kirkham (2015), pointed out that ISO 15686-5 has addressed
the issue of lack of standardization and lack of common cost breakdown structure
in WLC. The mathematical equations were used to develop an algorithm for
determining the value of creating EO in the initial building design. The algorithm
was then implemented on a computer system using excel spreadsheet software,
Besides, MSC was used to complement the BM which takes account of uncertainties
in input variables. Another algorithm was also developed in form of a flow chart
for the simulation which was also implemented on excel spreadsheet software. To
ascertain the robustness and reliability of the model, real-life data was collected
and used 1o test the model Sensitivity analysis {SA) was conducted to explore the
influence of the input variables on expansion option value (EOV). SA allows the
evaluation of the relationship between different input variables and EOV and
examines what can actually happen to a project in different situations (Brealey,
Meyers, & Allen, 2006). SA is performed by changing some input parameters or
one parameter at a time in a certain range while keeping other parameters
unchanged and then calculates all the possible project values according to the
changed parameters (Sattarnusart, 2012). This process will enable the project
owner to wdentify all the key variables and to determine which mput parameters
are most likely to deviate from the estimated values (Sattarnusart, 2012). In this
paper, SA was used to carry out a more in-depth analysis. However, the SA
performed in this paper does not focus on determining the optimistic or
pessimistic scenario of the project but rather, on studying how some of the input
parameters affect EOV.

a1
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RESULTS AND DISCUSSION
Model Design and Development
The model was designed based on BM of ROA and i line with 150 15686-5 (LCC)

cost breakdown structure. The BM was tweaked to accommodate BED. Besides,
MCS was used to complement the BM.
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Figure 3: A Recombumng Bindmial Tree Showing Steps and States (Source: Lawal et al, 2021)

Figure 3 shows a five time-steps recombining binomial tree showing Steps (y) and
States (n) as used in this work. Steps y represent the change in time on the binomial
tree. The vertical dotted lines from O to 5 represent the steps (step 0, step 1, etc.).
States n represents the number of nodes on each step. States (n) are represented
numerically with numbers from top to bottom. All nodes on the binomial tree are
represented as S (y, n). The highlighted node S (4, 2) is the node on step 4 and state
2. This applies to every node on the binomial tree.

Mathematical Equations

This work (s in a sertes ol research carried out by the authors. This paper builds
upon a previous model developed for bullding development appraisal {Lawal et al.
2021). Thus, the following were adopted for this work

Equation {1} is used for computing Future Values (FV) on a binomial tree (Lawal et
al. 2021):

B e T P UEND o iin cinvion i i s o st i S i i P

Wheve: FViy ,, = Futurevaiue; V, = Valueatstep; v = stepin = state; & = Velatifity.

A binomial tree can be discounted back to the present to obtain the Present Value
(PV). Equation [2] is used for calculating the discounted weighted average ol all
entries on a binomial tree (Lawal et al. 2021):

-?
Iv+din 1‘|r|1}
) Lr? I 1+nl (1+n 121
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Where; PV, = PV at the nade being studied, V, = The entry/value at node
ty.n), P, =Upward probability, P ; =Downward probability, r = Discount rate.

1. Development Option Value (DOV)

Equations |3], [4), and [5] can be used for determining net present value (NPV) of
development and development option value (DOV) {Source: Lawal et al. 2021).

NPV s = LEBD 0y = BECDY co eeee e serae ave e e ms o seeson e ase e e s s w0n w0 s s e ere seen | 3]
PVE oy = MAXINPVA L 0] i e e e 1]
DOV, iy = MEXDYY 13500 Y] - v vres voecmn vo b i o 0 o, e e s e 00 s e m. e ree |8

Where: LCCD = Lifecycle Cost of Development, LCBD = Lifecycle Benefit of
Development, DVc = Devetopment Cost, NPVd = Net Present Value of
development, 1, - minatine &, - comsiviitioncoie, N, - Nom = cvnstviitimnts, 0= Ofereingcsse, ¥,

Moistemancecsat, 1, < Ter wOVY (yy = Deveh:pmentVahw DOV= Develupmem
Cption Value

2. Expansion Option Value (EOV)

EOV 15 the savings made whenever the expansion work s carned out (Lawal 2020)
Thus, the following equations were developed as follows:

e Cost of expansion without created option = Cost of creating the option at the
tune of expansian + Expanston cost.

Let, CEw = Cost of expansion without created option, Cw = cost of creating the
option at the time of expansion, and Fc = Expansion cost. Thus,

o TR A T o R e e e R S S e R S S e NSRS R, CSgect |

+ Cost of expansion with created option = Cost of creating the option in initial
design + Expansion cost.

Let, CEo = Cost of expansion with a created option, Co = Cost of creating the
option in the initial desian, and Ec = Expansion cost. Thus,

CEo=Cop+ lic ! R S R ......l?l

e Expansion saving = Cost of expansion without created option — Cost of
expansion with created option.

Let, EOS = Expansion saving. Thus;

EOS = CEW = CED ..o . o i S e TR e cis i 8]
Using Equations [6], [7] and [8];

EOS = (Cw + E)— (Co + EO)

EOS = Cw + Ec—=Ec—Co

bt}
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Thus;

FOS = Cw—Cv , , ) o D)

Therefore, EOS is the difference between the cost of creating FO at the time of
expansion and the cost of creating EO in the initial design

Equation [9] can be modified to suit Figure 3 as used in this work. This yields
Equation [10]:

S =10 gartilcsmmmennrssmm im0y

Also, let, EVw = value of expansion without created option, EVo = value of
expansion with created option, EOV(y,n) = value of creating EO in initial design,
LCBD = lifecycle benefit of development and LCCD = lifecycle cost of
development. From a whole-life perspective, EVw and EVo can be represented as
follows:

EEW=LOBD wn = RELE F CEW] i i aain iriiisaiii s se vt b se 3o sopiisvr v s sl 18]

EVo s LERD. yuy = TEED B BEGY cosivric omaimnmn i wtivusivics ave sss. avs sioives idawin svas s st s § L)

Thus, EOS in terms of the lifecycle benefits and costs can be represented in
Equation (13}

EOS 0 = Max[EVw = EVO (e8] e e [13]

The value of creating an expansion option in the initial design (EOV 1}, is the
backward discounting of all values on EQS, .., binomial tree. This is the
cumulative weighted average of all entries on the EOS,, ,, binomial tree.

Theretore, let V"’U,_,‘., be the cumulative weighted average of all entries on the
EOS ., binomial tree. Using Equation [2] the value of creating EO in the initial
design can be represemed in Equation [14]:

]rr, tllr]

Since we are concerned with only positive NPVs, all negative values are replaced
with zeros. Thus, expansion option value, EOV can be as follows:

L e L | RPN b &1

Model Algorithm
An algorithm was developed for computing the value of creating EO v the initial
design. The algonthm was formulated into modules to make it more
comprehensive. Figure 4 shows the algorithm for determining the value of creating
EO in the initial building design. The modules are presented in Figures 4.1 to 415
in the Appendix.
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Figure 4: Algorithm for determining the value of creating EQ

Madel implementation
The model was implemented on a computer system. Microsoft Excel Spreadsheet
Software was used far the umplementation of the madel with the aid of the
formulated algorithms.

Model evaluation and testing

A proposed building project was used to test the reliability and validity of the
model. The project has an approximate land area of 1,207.8m2 and an overall
building area of 529 60m2. An EO was created in the project. The EO is the option
to expand the bullding by creating an additional floor. The following data was
obtained and used in the model:

Construction Cost - 34,424,000 Volatility- 11.4%

Non Construction Cost- M8 850,000 Time Steps- 1
Maintenance Cost- W6, 284,800 Borrowing Rate- 11.75%
Operating Cost- W504,455/year Inflation Rate- 11.25%
Expected Benefits- 1,600,000/ /year Terminal Cost- M1,988,800
Residual Value- MR 650,000 Analysis Period- 30years

Cost of creating EO in inthial design- ¥11,782,200.00
Cost of creating EQ at time of exparniston- W15,972,200.00
Cost incurred due to non-creation of oplion- ®1,000,000.00
At least 1 year of rental income to be lost- ®1,600,000.00
Repatr costs alter creating option at the time of expansion- 1,500,000.00
Substructure- M9,0084,500.00
Superstructure- 825,339 500.00
Roof- #6,282,400.00
Rental Value/ annum- #1,600,000.00

e
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The development option value (DOV) model was used to determine the lifecycle
benefit of expansion. From the results, the model suggests that EQ should be
created in the initial design. The value of creating £EO in the initial building design
over 30 years is 205 million. All through the option validity period, the value of
creating EO in the inttial design is positive meaning that EO should be created.

Table 1: Value of creating EO in the initial design

“EVw  EVo  EOV . EVw EVo EOVIM . Evw(M EVo EOV

o N M T M MM N N MK (MN)
0 382 792 410 o
1 5.06 8.20 3.15 11 1164 1407 243 21 16.00 18.21 221
2 617 921 305 12 1221 1459 238 22 1645 1867 218
3 686 971 284 13 1260 1497 237 23 1678 1895 217
4 7.72 1049 277 14 13.13 1546 2.33 24 17.21 19.35% 213
S 828 1096 268 15 1351 1583 232 25 1753 1967 214
6 902 1164 262 16 1402 1630 229 26 1795 2006 211
7 951 1208 257 17 1437 1665 228 27 1825 2037 210
8 1017 1269 252 18 1486 1710 225 28 1867 2074 208
9 1062 1311 249 19 1520 1744 224 29 1897 2105 207
10 1123 1367 244 20 1567 1787 220 30 1937 2142 205

Table 1 shows the results for the value of creating EO in the initial building design.
The value of creating EQ (s higher in the early years and slhightly reduces towards
the latter years of a building. This agrees with Ellingham and Fawcett (2006), who
concluded that EO depends on the duration of the option (longer-lasting options
are more valuable). Also, the result shows that EVo {value of design with EO) s R
21,415,951 and EVw is N 19,365,116 (value of design without EQ). This shows that
the value of creating EO in the inttial design is N 2,050,835 (the difference between
EVo and Evw). Therefore, EO creates an increase in the value of the building by
about 10.6%. This indicates that creating EO in the wnitial design is very valuable
because it adds over 10% value to a building project.

Sensttivity Analysis (SA)}

The SA performed in this paper does not focus an determining the optumistic or
pessimistic scenario of the project, but rather on studying how some of the input
variables affect expansion option value (EOV). The uncontrollable variables were
changed to examine their effect on EOV. This was done by changing one variable
at a time and fixing the others. All input parameters were fixed according to the
base parameters in the project. From all the analyses, the effect of changing
different variables on EOV can be summarized in Table 3.

Table 2: Summary of the SA
Input Parameters EOV
Rental Value ~ +
Volatility '
Borrowing Rate -
[nflation Rate +

Discount Rate -

91



Lawal &t al.

As shown 1 Table 2, an increase in rental value (R positively affects the option
value. This agrees with Ellingham and Fawcett (2006), who stated that EQ is more
valuable when there are higher benefits. An increase in Ri by just 5% causes a
corresponding increase in option vatue by 10.60%. Also, an increase in volatility {5)
creates a positive change in option value. This is also in agreement with Ellingham
and Fawcett (2006}, who concluded that EQ is more valuable when there is more
uncertainty. An increase in & by 5% causes a corresponding increase in value by
5.85%. However, the increase in Evw and EVo is the same {5.85% increase} which
means their difference (EOV) remains constant. This means that an increase in &
creates an equal and positive increase in both EVw and EVo with constant EOV.
Moreover, an increase in borrowing rate (b) has a negative efiect on the option
value. Since an increase in b will result in a higher cost of exercising EQ, this also
agrees with Ellingham and Fawcett (2006), who concluded that EO (s less valuable
if there is a high cost of exercising the option. An increase in b by just 5% causes a
corresponding decrease in option value by 14.61%. More so, an increase in the
inflation rate (i) has a positive effect on EQV. Since an increase in i will result in
higher expected benefits, this also agrees with Ellingham and Fawcett {2006), who
concluded that EO is more valuable if there are large benefits. An increase in i by
just 5% causes a corresponding increase in the aption value by 16 26%. Lastly, an
increase n the discount rate (r) has a negative effect on the option value. An
increase in r by 5% causes a corresponding decrease in the option value by 6.9%.
Therefore, when evaluating EC in initial building designs, there are many variables
as the inputs and inflation rate (i), borrowing rate (b), and rental value {Ri) are the
most significant vartables. This implies that building investment decision-makers
should carefully determine all the input parameters, especially the anes related to
i, b, and Ri to have a reliable result,

Simulation

To determine the expected EOV and all possible £OVs, a Monte Carlo simulation
was used. The objective of the simulation is to find the expected EQV and all
possible EOVs.

Simulation design
The design of the simulation follows the following steps:

Use the base values in the EOV model

Randomly select values for Rental Value {Ri), Volatility {(5), Borrowing Rate {b),
and Inflation Rate (i)

Calculate EQV

Repeat until 10,000 iterations are reached

Use the values to produce a frequency curve

ldentify the most likely EOV

Mo

Sy W

The procedure of running the simulation can be described by the flow chart in
Figure 5. MS Excel was used ta run the simulation with the aid of the algorithm.
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Figure 5: Flow Chart of EOV Simulation

Simulation result and analysis ~ EO creation value

The possible values of EOV are plotted to examine the distribution of the results
and the key statistical measurements are calculated for the analysis of the results.

Figure 6 shows the distribution of all possible EOVs.

»

Frequency
=

O l““““Hllull]umwm“--'--"“' """"

12,5 14 155 17 1 112458 26
FOV [Millions N)

Firqure 6: Distribution of Possible EOVs (EQ Creation Value)
Table 3 shows the statistical results (EQ Creation Value):

Table 3: Statistical Measuremant of E{N S‘:mu'nai'tpn (FO Creation Value)

St;ns;ra'l M:easurems'ﬂi Value
Maximum 38 791, 649 01
Minimum 336,412.30
Standard Deviation 6,180,714.34
Average 5.948,189.92
Skewness 197

Kurtosis 417

i
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The result shows that the most likely EOV is M5,948,18992 However, the EOV
obtained using only the BM is 82,050,385 00. This shows that by incorporating MCS
into the analysis, EOV increases by 190%. This difference has 1o do with the ability
of the MCS method to take account of uncertainty in input variables. MCS method
can generate all possible combinations of input variables. As such, the MCS method
should be used to complement the BM for more reliable results. Also, from the
result, the maximum EOV happens to be 838,791,64901 while the mimmum EOV
15 H336,412.30. This provides the best-case and worst-case scenarios. The model
suggests that EO should be created in the initial design. The result from simulation
suggests a higher value than that derived from the binomial model only. As such,
there is the need to use both the BM and MCS together to make reliable and
sustainable building investment decisions. This paper has proposed an innovative
model capable of determining the value of creating £EO in imtial building design.

However, the major decision under EO s to determine the value of creating EO in
the initial design and the optimal time to exercise the option. Therefore, there is a
need to further expand the model to capture the value of exercising EQ. Further
research s ongoing which is aimed at expanding the model to be capable of
predicting the most likely viable times over which EO could be trniggered without
affecting the value of a building project. After completing the research, the model
should be capable of predicting the nght times to exercise EO over a building's
lifecycle. More so, 1o predict the optimal tume of expansion, there is the need 1o
generally improve the model using artificial intelligence (Al). With high uncertainty
on the nature and times of possible future expansion, it s a difficult task to predict
the optimal time of expansion. As such, there is the need to improve the model
using Al-based algorithms.

CONCLUSIONS

This paper proposes an innovative model for evaluating EO in butldings. The
model, which is based on the BM of ROA, takes account of managerial flexibility
and volatility in costs and benefits over the lifecycle of a building. The model is
capable of determining the value of creating EO in initial building designs. The
study concluded that inflation rate (1), borrowing rate (b), and rental value (Ri) are
the mast sensitive variables for EOV as an increase n 1 and Rt by just 5% causes a
corresponding increase in EOV by 16.26% and 1060% respectively. While, an
increase in b by just 5% causes a decrease in EOV by 14.61%. However, the least
sensitive variables appear to be the discount rate (r) and volatility (8) as an increase
in r by 5% causes a decrease in EOV by 6.9% while an increase in & causes an
increase in option value by 5.85%. More so, creating EQ in initial building design
is very valuable because it adds over 10% value to a bulding project. Moreover, by
integrating MCS and BM, EOV increases by 190%. The study recommends that
building investment decision-makets should use bath the BM and MCS methods
together for reliable and sustainable decisions. Further research is required to
expand the model to be capable of predicting the right times to exercise EO. In
addition, the model needs to be improved by using machine learning algorithms.
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APPENDIX
Modules

Figures 4.1 to 4.9 are the modules as used in the Algorithm.
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