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Feasibility Study on Remodeling Project By Using Real Option Model
: Focusing on Apartment House Remodeling

Yeon, JungHoon!, Lee, Hyun-soo”, Park, Moonseo', Kim, Sooyoung’, Ahn, Joseph'
1Depaﬂmen‘[ of Architecture & Architectural Engineering, Seoul National University

Abstract : After the global financial crisis, domestic construction industry has gone through a rapid recession. This resulted in
gradual market shift towards architectural remodeling, Architectural remodeling not only improves residential environment but
it has many advantages such as increase of each unit's exclusive area, free space within the horizontal or extension of an
annex building, and increase number of household through splitting the household of bigger pyeong, etc. However, in case of
the Korean market for apartment remodeling, due to various regulations and problem with business promotion procedures,
majority of business is slow despite the figure that remodeling volume is not that small. Also, feasibility study which decides
to push ahead public house remodeling business will have a flaw using net present value's law; it has a flaw of not
considering properties of each phase of remodeling business and future’s uncertainty. Hence, this research will improve the
problem of traditional value assessment method of net present value's law. It will also consider one of the real options such
as binomial model in order to supplement NPV which is used in current feasibility study. This research was based on real
successful cases of public house remodeling and it was possible for feasibility study which was more realistic and valid. This
research provided foundation for development of Korean public house remodeling market. There is high anticipation of
increasing the validity by improving the problems of current feasibility study and economic efficiency assessment.
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Table 1. Problems in Apartment Housing Remodeling Project

Classification Problem

e \Vertical extension prohibited

Law o
e General sales prohibited

Rise of deductible

Restriction of mortgage loan(LTV, DTI)

Excessive cost for structure repair and strengthening
Difficult to assure the increasing effects of asset value

Price

Desire to increase asset through remodeling

Societ ‘ .
y Inadequate awareness of advantages that remodeling brings

Restricted area due to existing structure

Difficulty of construction for box frame apartments
Difficulty of constructing underground parking lots
Difficulty of applying an earthquake-resistant design

Structure

Older generations appeals needlessness of remodeling

B Lack of systemized remodeling process manual
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Table 2. Preliminary Research Related to Remodeling Feasibility

Author(Year) Content Limitation
Kim et al. /Qn nlfooé) nl_omi% Eyaluat\on Method for Valuated by valuation
(2001) emodeling Project method
- Focusing on the Rental apartment -
Considers general
Kim ’ ! - buildings rather than
2002 Remodeling project feasibility assessment concentrating on
apartment housings
Kang et al. | Evaluation Method for value Analysis in | Not considers economic
(2005) the Remodeling of Apartment Building | feasibility review
Kwon et al Constitution of Work Process for the Cultivates project
2006 " | Remodeling Construction Project in conducting process,
Planning Phase including project feasibility
An et a. | A Study on Developing Profit Model for | Analyzes profit model
(2004) Remodeling of Apartment Houses through LCC & NPV
Kim et al. | A Study on the Economic Profitability of | Confined to hospital
(2010) Hospital Building Remodeling buildings, lacks credibility
Shin et al. | A Study on the Feasibility of the Apartment | Feasibility analysis mainly
(2003) Remodeling in the provinces on construction cost
Yoo et al. | A Study on the Building of Remodeling | Feasibility analysis by
(2006) Evaluation Model applying Hedonic Mode
Kim et al. | Economic Assessment Through Economic feasibility
(2002) Case Study of Remodeling analysis on flat with shops
Choi A Study on Economical Efficiency Feasibility analysis through
(2006) Analysis of Apartment Remodeling NPV

Pwgy ARM BAele F2 REA b
AV 7] 2olet] T gl it TP
o2& AR, BAA B4 JHoeEE SEAvt
AHNNPV)©] Bo] 2LTHKim 2002). A% Fg 1.4
FEre 2udle Al o] i wlE AliEde
A ZAEE 71 el B8l ezt E4
gt wepy ojeh 2 BSIE ajsle] Hekd Al

3 W7k Bdo] dasit
3. 0|=x uE

31 NESM 7R ¥ 8
71e] 7T} EAmRAE e 7Y e AR

285t 35T 2RYY Al Tl Bat 9 -

Proposal of Remodeling Remodeling Promotion
Project (OpinionListening)
Apamlf:r't'ltukgg";:]del'“g Drawing a Basic Plan Compose a Project
Suggesnon(Request) (Involving Project Term) Review Report
I
Consent Form from Preparation for an
Ovwners(Requirement for Inaugural Assembly to
a Union Establish a Union

Submmm an Resident General Assembly
A Qllcatmn ‘orm for Choosmg Preferred Bldder

OIIE 2|2H ARHE Sue= -

Remodeling Promotion
Resolution

Organizing a Remodeling
Promotion Committee
|

Field Research
(Actual Inspection)

Holding a Busmess
Information Session for
Residents

Assembly to

Hold an Inaugural
Establish a Unio
T

UmonAEst:)bvl:ihmem Pmlimina:y S afety
hon & or Constructor) (Head of 3 Gu) W2l
1]

Request for Precise
Safety Diagnosis

Constmcnnn Deliberation Sale Demand Request for Remodeling
(Gu OFFICE) ¢ Deman Permission
T
modelmg Permission . Relocation, Demolition, Acceptance of Work,
L Approval g Al Begin Construction Completion, Move in

Union Disperse

Fig. 1. Project Conduction Stages of Apartment Housing Remodeling
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Table 3. Types of Real Option (Trigeogis 2004)

Type Meaning

Applicable Industries

An option that can lease or purchase valuable

Deferral
land and resources and can also defer an

Real estate development,

Option investment till a favorable time emerges Agricutural industry
An option that can abandon the project halfway
Phased if ngw information |s' disadvantageous to 1he R&D clustered industry,
Option project Each phase is regarded as an option Medicine develooment
for value of the next phase and | P
t can be valuated by complex option
Operation | An option that can expand production scale

Scale or accelerate resource use. Reversely,

Natural resources
industry,

Alteration | operation scale can be reduced if market Industrial real estate
Option conditions are disadvantageous than expected
An option that if market conditions are severely Airport, Railways
.| depressed, management can permanently ; . .
Abandoning A LLaunching new items in
. abandon current operation and secure sales ) B
Option ) ~~ | markets with uncertain
value of assets other than capital goods in | . A
financial service
secondhand market
Replacement An OPUOO that can .?'te’ produ_ctlon Alters a product, Alters an
Option combination of facilities according to supply oLt
and demand
An option that initial investment is necessary
Growth | or is connected to project chains that initial | High technology, R&D,
Option investments are mutually affiliated. Multinational operation
It offers future growth opportunity
Mumpl_e An_opt\on that a value of option can alter if Actual projects related to
Interaction | option exists complexly than al of  industries
Option when option exists independently
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Table 4. Preliminary Research of Real Option

Author(Year) Content Applicating Field
Hwang et al. | Economic feasibility of Real Option and port : L
(2007) development Civil engineering
Kim et al. | Real estate development value assessment Real estate
(2008) through Real Option Model
Jung et al. | Feasibility assessment on private investment Architecture
(2008) project through Real Option Civil engineering
Kim et al. Development of a support model fpr overs_eas Architecture
(2009) construction market entrance decision making Gl enginesring
through Real Option and scenario analysis
Study on valuation and investment juncture of real
Park et al. .
estate development project through Binominal Real estate
(2010) 8
Option
Kim et al. | Effects of housing prlcev variahility on option value Real estate
(2011) and redevelopment point
Moon et al. | Study on valuation of reconstruction project
(2011) through Real Option Architecture
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Table 5. Binominal Option Input Variable and Option Parameter

Input Variable Option Parameter
S | Present Value of Investment Project | % Change of
e Exercise Price when S goes | ¢, = 7V ot
(Project Investment Costs) up

o Volatility % Change of

v when S goes dZS_U\/ﬁ
T Risk Free Interest down
o Time Step Rk Neural | e™ —d
T Exercising Period(term) Probabilty | P = u—d
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Table 6. Basic Binominal Lattice Model

j i 0 1 2 8 4 5
0 S Su Su? Su? Su' Su®
1 Sd Sud Su'd | Sutd | Su'd
2 Sd? Sud® Su’d? Su’d?
3 Sd? Sud® Su’d?
4 Sd* Sud"
5 Sd°
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(Unit: million) 176.94
(Up : Underlying Value) 66.94
(Down : Option Value)

157.86
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31.47 21.00
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Fig. 3. Binominal Model and Option Value
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Table 7. Outline of Application

Name S Project Period

After
remodeling

08.07.16 ~ 10.07.15

Classification| Before remodeling Note

Newly—organized 2 floor

Gross floor 25,376 nt Thre~e dongs| basemenl car park
area (11™13floor) | extension of 1 floor
piloti and 1 floor
ABE? GlERIED 175% 243%
Index

Parking 58 Cars on Ground | a Total of a Total of 227 Cars

Capacity (No Basement) 285 Cars
5 N Extension 4-pyeong /
17-pyeong | 21-pyeong 12- household
B . g Extension 5-pyeong /
A-dong | 20-pyeong | 25-pyeong 12- household
B N Extension 7-pyeong /
34-pyeong | 41-pyeong 84~ household
The Number g g Extension 6-pyeong /
of B-don 22-pyeong | 28-pyeong 84~ household
Households g 25 oveond | 32-pveong | EXtEnsion 7-pyeong /
per pyeong pyeong pyeong 12— household
~ B Extension 7-pyeong /
28-pyeong | 34-pyeong 70- household
C-dong Extension 7-pyeong /
30-pyeong | 37-pyeong 10— household

7 kinds of pyeong, a

Total Number of Households Total of 284-household

o] IRAEE 1978 FE o] 20104 7o R 32
o] e oIE 371F 284MHE BT AREA AL
HF7/REE & 61d 370L0] Aglom, AU Table 8
3 2.
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FAT 7N S5 Adsioitk
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Table 8. Progress of Promoting Project

] Date of
| safety [YMON | consinue| , .. |the start|Inspection| P2t of e
Classific | . | Establish |~ Action
; Diagnosi tion of before :
ation 5 ment Rate Approval construct|  using completio
Approval ) Tl n of move
Date | 04.7.30 | 05.7.28 |06.04.13|06.08.23| 08.7.14 | 10.07.08 | 10.10.30

24 months

Period 36 months (3 years) @ years)

AW AL oF 2967H(BA1288R A+
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Table 9. Financial Analysis by Using Discount Cash Flow

(Unit : won)
Big
o A t=0 t=1 t=2 t=3 t=4 t=5
Clat?g:]flca Small Classification (2005) (2008) (2007) (2008) (2009) (2010) Total
Loan of Union Working Expenses(borrowing)| 54,480,914 384,445,916 549,498,171 540,140,479 417,122,128 318,314,029 | 2,264,000,000
Loan of Operating Union Expenses (borrowing)| 82,000,000 122,000,000 95,000,000 299,000,000
Operating Union Expense 269,092,805 | 496,786,728 | 269,093,026 | 1,034,972,559
Interest Income, etc. 17,265,253 17,265,253
_Total Interest of Additional Relocation Expense 15,818,794 15,818,794
income
(+) |Support Fund for Vice Administrative BLilding 24,000,000 24,000,000
Expenses for Handing and Taking Over
Administrative Buildings 41165425 41165425
Union Allotment Expenses 1,431,826,366 1,431,826,366
Sub Total 136,480,914 | 530,445,916 | 644,498,171 809,233,284 | 2,386,900,647 | 620,491,102 | 5,128,048,397
Operating Union Expense 9,684,630 68,339,831 97,679,540 96,016,390 74,148,416 56,584,102 402,452,909
Union Working Expenses
Supervising Expenses 276,760,000 | 363,000,000 | 181,592,282 | 821,352,282
Expense for Appointing a Lawyer, Stamp Tax
and Legal Bxpense 68,981,280 45,255,770 38,118,370 64,767,268 9,800,000 23,709,000 250,631,688
Fegsiraton Cost, Acislion Tax, Regstaton 41,764,000 25720800 | 67,484,800
Additional Relocation Expense 105,000,000 -25,000,000 -80,000,000
Deposit Expense of Purchasing Price 747,790,000 | 590,100,100 121,000,000 | 1,458,890,100
Total
expenditur Associated Costs of General Meeting 5,969,100 2,841,960 4,102,130 12,913,190
e
(-) Loan of Working Expenses Interest 60,560,444 79,327,453 139,887,897
Electricity Income Cost of KEPCO, Gas
Fagiliies Burden Charge 12,874,360 11,066,630 23,940,990
Sending Signs, Labor Costs, Deposit of
Option-Chosen Housshold 6,969,180 5,180,750 12,149,930
Real Estate tax, Residence Tax efc 1,203,250 1,203,250
Cffice Supplies andAE:;ii?ter Toner, External 185,950 343,400 2,000,000 2,529,350
Cost of Substituting Another Price for
Purchasing Price and Interest 145,396,970 145,396,970
Sub Total 78,665,910 | 113,595,601 883,773,860 | 1,325,773,828 | 506,741,010 | 430,283,147 | 3,338,833,356
Net Operating Profit 57,815,004 | 416,850,315 | -239,275,689 | -516,540,544 | 1,880,159,637 | 190,207,955
Cash Flow (Discount Rate 3%) 3,334,090 404,709,044 | -225,540,286 | -472,707,771 | 1,670,497,485 | 164,075,053
NPV 1,544,367,616
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Table 11. Variables of Basic Binominal Lattice Model

AEFAY AS T A 71 3A dEsES Variables S Project
sy EA 27] Wizl A dleolelr) 8] 4 Present Value s 4655512763 won
_ . = Exercising Price 3,056,664,234 won
Qoi 9_11]—5]_7]. 7]’5?} %08 1:l}1d_‘17 1\: %ﬂ] Eﬂ%'/‘é% ;?-01'7] The Whole of Seoul 1.41%
o EAIFS 7HA U(Park 2009). o] wAe] Tt The Southwest of Seoul 11.54%
= = - - | Size of Seoul 1649%
o7 AEHAL] WEAS TP Y8 2ol WHoRE Amialzed Voatlty | o [ See of Sea 04
LA - SR, PRNge . Small-Medium Size of Seoul 12.98%
_'KI'"' E“O]HE A]‘%—O]": o%‘, o o%—r(Proxy Vanable) Medium-Large Size of Seoul 8.3%%
£ olgst= W, AEVFe] 9 FAE ol8sl= ¥ Large Size of Seoul 591%
%], ‘E‘Eﬂ7l”g‘§- }\]%ﬁﬂol}\d %O] 3)]\1:}‘ Risk Free Interest r 3.13%
e o1 B Time Step ot 1 year
£ dAlMe 355 2lEEE Aol 7 wizkst Vetury T 5 years
BHQl olmlE ARFINE Yehle A% F el e The Wide of Seod | 1.120
U olE WA AAGE olgal WERS T3l T 2
- - . = % Change of mall size of seou :
32} 3} FESRE oE AAY 7RIS o835l when S goes up Y [ Smal-Medum Sze of Seodl | 1.1386
AEEEA] AA|, AEEA] A9, A2EEA] A8 Medium-Large Size of Seoul 1.0875
MNEEBN FAEHS, NESEA TUEES Aesd 2% S0 o oo e
o . ~ o The Whole of Seoul 0.8921
Al FHge] BFHAE F8le] the Table 1024 0] The Soutwest of Seoul 08910
HEAS A5k % Change of g Small Size of Seoul 0.8480
when S goes down Small-Medium Size of Seoul 08783
Medium-Large Size of Seoul 0919
Table 10. The Calculation of Volatility by Transaction—tased Sale Price Large Size of Seoul 0.94%
Indices for the Apartment Housing Market The Whole of Seoul 06105
The Southwest of Seoul 0.6086
The Small- | Medium- !
Classification | Seoul |Southwest Ssrir;zll Medium | Large L;rzgee Risk Neutral Possibility p Small Size (_)f Seau 05548
of Seoul Size Size Small-Medium Size of Seoul 0.5897
Medium-Large Size of Seoul 0.6683
Number of
Samples 7 n 6 6 6 . Large Size of Seoul 0.7541
Total 100066 | 104157 | 105237 | 102953 | 95256 | 85525
Average 131.12 136.27 138.47 135.46 125.34 11253 - i -
— AP A Alle) AR A & &
Deviation | 11-41% | 1154% | 16.49% | 12.98% | 8.39% | 591% Qo] A, WAL ANE E Z0] FAA2
Variance 130.28 133.18 27204 168.5 7034 34.91 74] /1\1'3}3’— E]-CQ i‘%ﬂ % 1@ oz /g xc.)]g—}()a O] U:] = O]fgo]x]_%
Minimum 100 100 100 100 100 9% ° o ° - -
L 2012\ 1€5E 8¥9 3@ W] Fux)| S Hitk
Median 134 181 | 14505 | 109 | 1277 | 11325 o 0"0 fq;:a EJL u: = ]Oimﬂ ‘: j t:;j:
X 5 > Al Az
Meimum | 1453 | 1496 | 1589 | 1502 | 137 | 1219 2 313%= A3t A WA a5 HAe] HE
O = Table 63} o] 718 o|AAREEEES vhe dik= o}
) 2 Table 129} 2tk
S 2064 1800l Tl olske A7) 7} o
Ao R R 7S] 28 énrolsh, $4% 60
B 152! %*_E ;Lf e e | }’_T* ° Table 12. Basic Binominal Lattice Model of First Volatility
Z} 85m? ofa}, FUNE S 23} 135me ol3), 1%Bn? % (Uit - million)
ol A AR okl BAle) BARY eAEEDY 1 =TT T T T T T T
HAWA Sent?, BlEHY § HuHA 135md)0] TEHE 0 4656 | 5218 | 5849 | 6556 | 7348 | 8236
2 ZF o/ HEAAS AEsisth 1 4,154 | 46546 | 5218 | 5849 | 6556
_ _ 2 3,706 4,154 4,656 5218
5.3.2 7|2 Ool&AXI=H 3 3306 | 3706 | 4154
5310 A WEAS Bl 71 o) AR RS ] 2950 | 3306
WE7) 918k Al W] S-S ARKEIe] Table 113 20| 2 20

eI
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Table 13. Calculation Structure of Option Value

Table 15. Calculating Deferral Option Value per volatility
(Unit : million)

1141% | 11.54% | 1649% | 1298% | 839% | 591%

Option Value 2,042 2,042 2042 2042 2042 2042

1 Year Delay 1,890 1,907 2667 2112 1,502 1,145

2 Years Delay 2012 1,996 2903 2264 1575 1,261

(Unit : million) 3Years Delay | 2133 | 21% | 3143 | 2417 | 1647 | 12301

i i 0 1 2 3 4 5 4 Years Delay | 2254 | 2279 | 3387 | 2570 | 1718 | 1,340
0 2042 | 2521 | 3066 | 3685 | 433% | 5180 5 Years Delay | 2374 | 242 | 3634 | 2728 | 1,763 | 1342
1 1457 | 1873 | 2347 | 2886 | 3499 _ .
2 903 1282 | 1693 | 2,162 5.3.4 |57 &8
3 o | | o Fre emas Aol F0gel glol FAR} A}
4 0 249 AAdo] gluar dE]o] AdS o X718 4 e &
> 0 AS ZA 3HAE FESINT: 197 Z3EH) 9

A7 S 9130 Table 591 Al W5 o185
e 5 A @} 4 9F AReS
. & 59 A WA WIS
F419] 7= the Table 149} 20|
dojzH, 1 AXFAL 2 (6), (7), (8), (9 2tk

Table 14. Basic Binominal Lattice Model of First Volatility
(Unit : million)

i i 0 1 2 3 4 3 6

Z

24 2] 50 BUPE ok Be AS Al AP
7} o] oF @ 5 glomz 3 vl BAZ AYH
2eE A9V TAEA 2lmd B9l s 9% A
Ve Bed) WAe 2P Sojske A
glol T AL} BUE Wob ARIIES Huz
A A9 Aol glo} AT ofelge] EAsRs A7)
o P Bl ST ofF B 23 B o
7 B 2GRS ot AREI B4} HeEE
2 AQEA O ol BRss] uhel Aguz A
B9 TG A% WA 3 WA Table 119]
A WEE M) T olPAARYS DED. o8 B

0 1890 | 1,949 | 2480 | 3076 | 3743 | 4489 | 5323 ; N e -
=X 0 = S
1 826 | 1235 | 1695 | 2212 | 2791 | 3439 o] WEAol 1649%= 71 A Uehd A58 &8
2 244 | 506 | 9% | 1439 | 1940 He] 7|Role A} 282 U2 Table 163} 2th
3 0 22 363 | 747
4 0 0 0 Table 16. Basic Binominal Lattice Model of Third volatility
5 0 0 (Unit : million)
6 0 i i| o 1 2 3 4 5
0 46% | 5490 | 6474 | 763 | 9003 | 10618
1 3947 | 46% | 540 | 6474 | 76%
Vo= MAX{Su®— X*(1+r,)— 6,0} - (6) 2 SSH | 3947 | 48 | 640
3 288 | 337 | 3
Vi1 = AJAX{SUBU*)(*(IJF7‘{1)*(5, ()} (7) 4 2407 2838
- 5 2041
V., =e rot p*(Sub— X*(1+7r,)—0) (8)
+(1— p)*(Sud— X (1+ry) — ) _ C ers _
T Wl AR 19, 294, 3gA |0l dhAlish= A
Yoo = Vio/ (14 ) <O zg Aiidor A4F F AWt AGF o18ds 2

9o} e o E 7} MEA 7 1delA 5d71Ae] <
TAAE AlEs A A5EA giEEse] W
< 7R A7 AL AA USkar AME5EA
] WS 7R AR A=A Uitk
s T AR AKES 7Ish 855 1 glo] &
7k AR FAHEUIL, 6719 wEHoE Akt <17
FA7IAE o2 Table 159} o] 2E=UTE A7Ho=
SIS B 7Rke] /18RS 1 gho] AR, WE
e 7t &5 ARE Zo=E BAEITE
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Table 17. Calculation Structure of Abandonment Option of Third
Volatility (Step 1)
(Unit : million)
] i 0 1 2 3 4 5

0 4588 | 5421 6403 | 7,561 8928 | 10,539
1 3878 | 4584 | 5416 | 6398 | 7,556
2 3276 | 3874 | 4579 | 5411

3 2765 | 3271 3,869
4 2331 2760
5 1,963

siazispielsls =2n MisH Mis 201 18 4



Table 18. Calculation Structure of Abandonment Option of Third
Volatility (Step 3)

(Unit : million)
i i 0 1 2 3
0 2,577 3,345 4,261 5,352
1 1,803 2,442 3,207
2 1,135 1,664
3 555

Table 19. Calculation Structure of Abandonment Option of Third
Volatility (Step 2)

(Unit : million)

j i 0 1
2,467 3,232
1,689

7 7R oF 249 63 7HTilo® AEE gl
o71ell 71 NPV 24%1 159] 43 499hlS o3k 409] 13
197Ro] Dynamic NPVl gro] =tk o] Zke] duj= A}
Ho] YA ol 5= e AFLAE vlE] wHdst
o] ARIFE7|o B3 7RIS 71E NPVOl E3A)7] Aotk
] FARRRE o] AYET| 7RIS A}OW AE A
2 FAAIA wg] gar 1 £ FAAARE %
93 Qe AuE & 5 US AoZ Al

o] Z7|FAE AAEA] ¥4 U SAPE 7Fsst ozt
AT Y JUoet &4 AL TFse feElEet &
Aol A Feil MFETH $4(Bermudan Option)©]
*3743 wi Jom, AEE A7 71E NPVE

%1 Dynamic NPVE T Table 207} 2tk
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Table 20. Calculation of Abandonment Option Value per Volatility

(Unit : million)
1141% | 1154% | 1649% | 1298% | 839% | 591%
First step 4178 | 4178 | 4588 | 4588 | 4588 | 2467
Third step 2076 | 2016 | 2577 | 2517 | 2577 | 2607
Second step 2168 | 2168 | 2466 | 2467 | 2467 | 2497
(Option Premium)
NPV
+ 3712 | 3712 | 4010 | 4011 | 4011 | 4041

Option Premium
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