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Abstract : The rate of application of the modular plant in the plant industry is increasing, and for the success of the
modularization projects, it is essential to develop and implement a systemized methodology across all phases of the project.
However, Korean EPC firms lack project management capability when it comes to apply standardized methodology. Therefore,
it is important to establish and systematize the cost/schedule integrated management method which are the two core
elements of project management technology. This study was conducted to develop a methodology and guidelines for integrated
management process for modular plant projects. The researchers developed a methodology for planning and managing cost and
schedule, and integrated by module unit. Integrated cost and schedule methodology and guidelines developed can be used for
various EPC modular plant projects to enhance the efficiency of project management.
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Ste 229 AETE 7|ee] Vi) gRERE BAo)
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Al ¥R, O] HigoR Ed] Z2HEQ| g7itd], 33
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Fig. 1. Overall research procedure
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CHGibb & Pendlebury, 2005; Park, 2012). o]0 whz}
A, 7, Al SHAZ TREYE 71E] JF AlSH
O] SBTkA7} A4, i, A2 L "&HFabrication), £
(Transportation) 12]31 AX](Installation)Q] STHAIZ HIH
Al ETt o, $1E QR Z7tojAe] BE AVE AEL dEO
29| 5 9 X9 Z2 HEE0] HEY 3HE 7IEY
SIE Al HA 3 FHESHR= QAOITHL et al,, 2013).
FEEQl BhA](Stick-build) 9] AX ZEAEE 78] A
A, ARV, 9 W &5, & FHIE TAEOE A
A AlS o] FEr) v, REY A T2 EQ] F
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Fig. 2. Comparison of stick-built processes with modular
construction processes (Samjong KPMG ERlinc., 2019)
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et al, 2014; Kim et al, 2014). ZA/HSE SHOME @58
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25t 4= QUnk FEE SHOA = SR 7Fset 280
A AJ0] O]FOIR|EE F4 a7t Oloih o] Qlolle &
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= 1

A9l 5, sl 250] golgt B2 & FZo] Zolat, A}
HeFAQl 5o B o eg9] Jgko] Atk o

o

4 | 2AC
F5l = oAl Al 7HE0] AEE0] 7hsato] Tekd A Q1
FHOE FEH QT
HHH, REd] SH UEe B9l 2t U AXE fIsh
SlAF HER] 2 SPMT (Self Propelled Modular Transporter)
59 E4 AHI7 2QstH, 2tte fIs HE 89] F7tH]
0] dhdlsttt afld 2 4 ol de W= ARIsHof
5l7] uhizol, SAH] A=lof thet WYt AEYF H st
(Park, 2012). =e] ZH9| &- e JAH|, 298, F2
5, ATAE, 2lAT & 671K SHOE HE60] QO
CHPark at el,, 2016) {Table 1).

Table 1. Pros and cons of modular method

Pros Cons

Increase of preliminary design

Decrease of Construction
and cost schedule Increase of

Cost cost Dec;ias:nz;gﬁahty and special Material cost Increase of
P transportation and installation cost
. L Decrease of Space efficiency
Schedule Decrease of instalation time benefit Complicated schedule

Miss-outs minimize .
Increase of interdependence

Controllable environment
Availability of expertise increment
Decrease of delivery material
Controllable site

Onsite | Minimization of required space

Work Decrease of labor problem

Decrease of site risk Predictable Increase of transportation &
work installation risk

Quality

Complicated delivery Increase of

Logistics dependence of transportation

Required installation workers

Risk
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SAE (Final estimate), Al (Definitive estimate), Q&
HZ|(Bid estimate) S22 7HE3t H MAARE EZ 7|
g7 ol Z2HEQ| EAl, a7t 2, 2el
7149 Adst7] Qlato] =dEIrh |7 Q] ETit Bl
MMARS " 7sg EE| Qoo nj= ZZ2AER
2] 3] PMI (Project Management Institute)OlA] 7lj2ret
PMBOK (Project Management Body of Knowledge)@} H]
ZAZ7FE3] AIA (American Institute of Architects)OllA]
R Sots SEZARZIAL EEE, 12|30 Bl=3]ATARE
GAO (Government Accountability Office)OlA] AlZsh= 2
AHZH0IE Z2T7H O 2 AFoto] ARYFEE EAIIT

PMBOK?| ZZAE 71388]= A 471K Q01 A7t
o] A, 7R, ok, fUFEAR A% o]
QUCE {7 Aglege T2AE V1E 718, H, Al
£ 4 SAlot=t 2Qst 81t IR Hotal TAlskst
= ZZA A0, A7HEEE AHH9] A7HE F8510] 2A
A& FHoks TZAIA0ILE, F7HFHolA 7REEQ] =
of thsh 7Pt AFdE, T2HE AR 717 SO " Qs
oll4to] ZFEL. o]F Ag thu] AFAIE S THEsto] SX
Aol whetk] @7t 71EA o] Tish HE S Felshal, QA
LZ2AE of4ko] Alleh= AVFER] Z2MAE UHELCE

ATAOIA] Al Bshes SESARZAL BHHES 22X E
O] WAL = AARPY AIZAL A&7 Aldshs X
ZHE oitg AES| floto] AAR oats AHES =
UEE APers 55O STt AIA9 SEA7IAL AR}
= 37 Defining the Scope of Services, ‘Preparing the
Estimate, Validating’, ‘Cross-checking, and Reconciling
Estimates’ & Al ®AZ LE=01ZRICH

GAQ's Cost Estimating and Assessment Guideo] =M
A7 HEE & 128ARZ AVMFEO BF Ho| A7
Ay, =200 EF Fo|, gVt A 1% 2F 712
Y 2 7FEAE e, 29 AF i B S3E0
& Auteto] Hiwl, W BA 3, gjAg 2 Bkl
A F7MEE BAISEH 7S ik 591 QF, A
7F HE B O Z O]F0FILY,

2.2.2 37382 AR EXL

SE = FOIR AR Woll B, oA, eEg gHo
O] 49 HIEOZ Ay st HE 58 =24, Al
AR OR IE|et= A|A”E 2o HChoi & Yoon, 2005).
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Agle ™ot 2829 (Monitoring & Control)O] 0]
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531 QIEAlol thet M= 24101 O1FOIRH, 28 HAOIA]
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O|F0JZICHChoi et al, 2019).
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L1oIA AGet sl SHE 8719 Hat] 39 AL
89 BAIRE didat] Flolial & BAol 27 HA=e]
g B 3o et AASE Qsith mhEbA 22014 1
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e Z2HE IHAE 8 B AAzS siith BA |
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o] EXS Ul 971 ZRS Esta)sly] 95t RS

EPC 252 TRMEQ| 20h-37 SUAIR2| XFM oY
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Al(Initial Planning), 7§4FA% (Conceptual Estimating),
AR (Detailed Estimating), 21E=22] YA (Progress
Integration) 2 HEot0] 7iHE AR AHHES ZHdGIRAAL, 71
HIHES HIE O 2 AFAE W6t (Fig 3)2 =24
E 58 T AR B ES i FEHE s AIRAR
(Fig. 0l [Chapter 3] &JAIAR XF9] YREES oAt
ALt AL T8 =5 FEHL!, ARUE ¢o&
O|FOJZICE ‘BA'S AAIAE RIEA 9 Fag, Aadel
= ZZHE @A oA Agd = e HAE, MEU
' UAIAE XA 9] ARt MRUHES EeFoirh
g

o= T MR
7] ASltHA= IAP (Interactive Planning) EHHE90

H

Hyolo] ZZHEQS] 7|[EEH HE, CBS | Cost data
FE AU B 5, 2R E FQQTPANE B, &
& 171Xl (Work Package)& 2|9} 7t 3f7]K|Q} A 7Ho] 2t
A A, AR A7HAE FEO AR SAR Lie HEEA
E 7HSIQITE ZHAFAR SHA A= RS, HAE F7bat
A A, JiaE 7P Al fed ok AlE 2
Ol9] M THAR LI SAIAR SAA s Z2FE
Scope of Work 78, F7HEFAIA(CBS) 7HE, abAll 74t
oy AR 35, QA G7HHE 8, fad ot BA

oo T o H1 T odHd-=
) 5 1 B10] Al B LT Rmdie] B
NS, S} 9 Database3t9] Al THAIRZ LT ZE=da] BHA=
Project . i i .
Project phases 1. Project Setup 2. Opportunity 3. Conceptual 4. Basic 5. Detail Design/ 6. Construction
Management ) b4 Analysis > Design > Design > Procurement b
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Review and Extracting , Definiticn of]
Chapter 1 hare projed| | <65 and e Deriving W and | [comirmation
Initial Planning basic bg;g gata P nanagement®] Project Key B i ony >afma|rau codf
information raction points 9 Letween tas) plan
()
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vi
Start
resxamination
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Chapter 2 [Selection of an|  [Execution of] 5
formati approsimate pproxir Walidity
Conceptual calledtion [ Tlost estimatng ™| cost [ ewaluati £
Estimating method caleulation
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Concept Eng. F/S Cutput reezamination
L ] L J n
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Chapter 3 Definition | | Dewelopment of Entering project Detailed Feasibility —
Detailed Scaps of b Cost Classification b charscteristicsfor 1 estimation [ review and |——p{ 4Ty
H— k System (CBS) Hetailed estimation| | performance inspection
Estimating wer i
Chapter 4 Coni
gure Cost
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Fig. 3. Process of cost management methodology (Ministry of Land, Infrastructure and Transport, 2019)
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(Progress Integration Unit; PIU)S €825} Cost Item
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A4 A3 o
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estimate), B A|71% (Definitive estimate), YA 7AM(Bid estimate) S& 2julstH 718

97 % Z2MEC] SA. YRIIAY 2. AQIVIAY W] sl 2u8

A=
B

Z 74X (Final

A LR 2 AR 2AEAME BARHED AITA SOl BA=HEL AlYAd]
Fstol AEEY AlFol] 205E M2, =5 F9] Fo Hiet 34 9182 AAste
e A W el Bt 2 ARAY AM Y AR 2
Conceptual Designol 4] 4. Detailed Design/ ProcurementZtx|9] TAo]A o] Zo]A]
L Class 1-49] siFsts Aoz AMolgict.

v 3
' '
1.Opportunity | | 2.Conceptual 3. Basic 4. Detail Design/| 1| ¢ (oo o
Analysis 1 Design Design Procurement |1
i
'

Project
Phase

Key Input

iDesign per C
For =

BRI thru iFD PRID thru IFD Schedule of Value |
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CostControl

-
v
'
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'

L
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Fig. 4. Sample guidelines for detail esitmate
(Ministry of Land, Infrastructure and Transport, 2019)
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e TYTEIYR +8 NI BHS, HBUI L =
ZHE AN S & Yt WIS, HMRS'S
8 RENC QU RS E
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A Z2HE 3-8 A

Y50l thato] s=ash= Z0IH, A2 HE, Schedule
Setupoi LIECE AQA HES lo AlCkxlo] E7]H
=g QFANEL sRoA E AubEol yles &6t
C}. Schedule Setup TFAOIA= WBS (Work Breakdown
Structure) & AT A, Z2HE H|AHPM)C] A
g, S & Z=HEQ AT|t]of] siEok= Phase,
Unit/Area, Discipline, Milestone, Organization, Scope of
Work, ModuleS 1125101 WBSE A Q|G W% O] WBS

80 st=zumelersl =28 H21H H3S 202013 58

of thot S QFANLO] Qlg BARo= FAF Z2HE
£ ®7x6to] WBSE AHdstal, PMO| Q1€ Hot E A
¢ LEROIA e WEE HixE B ZAISHCE 2% WBS
£ EE Project Master Schedule AF&5HH, T2 E 3=
710] PMQ] ZZHE ASA S (Execution Policy)S 7|8t
OF FQUAY +HAY, A, o4 Risk S0] HHHELY.
CH2 O =% Procedure &4, Detail Schedule ZM4, Schedule
Resource #2], Schedule Basis ZFA, Project Schedule

ControlQ] ZAIE] Y7} Ssi=r),
A= 9797 A4 Y A% ARA A5 00
ZARAYT 9 A AR

LE A

of AME AbglAe A AER A7 Zeds FADUYT 59 Hitd

2. AE49
o] APe ErAs FATRAUT o A AT vkl Ygach
3. A&
3.1, Ay
1A, el % FERC)IE FaEs ZRAE 7] Fel
2. BATE YT £4 A System(Toohel #&& “FATe Tool £9
2.

3T A gy
1) Schedule Planning: 27| 34% 24 945 (L4 Ao HeA
TAHRE BFH FAAHAA ] 45

2) Schedule Control: 33 F)(&%9) AT (FHE 23734 59 o F

Weekly | & Monthly Schedule Report
F A5
3) Schedule Revision: PM 3! ¥3#e] Aae) g 33

FoAEg B, B,

4 BAE A4 A ZaAs e TARCIGA, [T, #5474 58

FH# o g el del gt

Fig. 5. Sample guidelines for schedule management
(Ministry of Land, Infrastructure and Transport, 2019)

SIEAIZE ] AR BAME SAKEHIEA, JAH
oA A g—/\}—f—% AT S8EE SR e HE
S, o A Bl 2 SR 2 ¢

O}O}E} SEAYF FHHA ] Project Schedule
ControlE et o —"FX% 9] Baseline Schedule £91 O]%
SH= Z1E FElshe BAR Schedule 2] 1;1

'§ 75_ =0
BAARE +3lisH HChm et al, 2019).
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ot TR & &8al0] Slole W AR T EFAAE
FAIGHHA] wet Telo] shigst= S8 AAE g€8at0] &
got= dHHOITE & A, EFAIAIE LSk EFAAZ
Seiols 2 AdTAoA ERAAE d9E W S5
HAAZ S5 w20l 2skE EFAA dd0] 7ks
St HFHOJCHKang at el., 2017).

=7 9 & HEY ZSHE Agsh i e &
4ol ERAAE LYste ERAARZ Sgohs dHo
Lt et ZHE 128 EE= U2 $VWE, 93
A, i EE7F 1dE 7] 2ol -k |719) A= T
E BERAAE A 8ole EFuettelo] A2 g8
ZJO]X] LT}, HHHol LS BFA A= A HARH &
el BERAAE 7IX7] w20l Heol S35k eVt 7hs

=

2 AoA RAISH 738 Sede] dHEs 58
st AIRANE 76| QIeiAl 4E EPC Z-HE E
L 2E 2EoiQlr]. 7idE RIFAE= EPC BEd SHE
LA E =30] Q401 AV E FHE S8
57 fIst AIE o2 BET] 9] S8
5to] 7HLo] ZHHE Z2AE ITA|AE S

ZZAEO] QAETHA A EPC 7]1¢L TR} AlZsh=
QZORHA (Instruction to Bidders; ITB) 5 Edf =24
E 71EEH, Q| (Scope of Work), AIOF @FAKH S
S SIS QMR O = AOFE QtAlelg Sl EFAkE
HERIRE AR} &y St AOFR O] Fe} i Bl AldHIES
{18t CBSQ] 7|21 ARE MAIE 4= QAT

EPC 7192 A QAlo] Z2AE 43 the] 4 7]
g QIot CBS7F 2ER] Z2 4% 7Y AHRICE HE
oF CBSE WAL 5018 Sofl &80T} AuFEQl CBSY) 7]
HAZE EAOA ok AA, T, AlE, ] 2 A
APRE ot EAHIE(Home office service), AH] T+
Y], A L], Sae] BEx B ASH], AFssH], Al
4 EHAE H|, §% #2H], 2], WsH| 59 AAZ +
AEC} (Table 2)= CBSAIHZ ZHEQ] HIRESH 73
O BES} A7 FHEE[0] QITh HIRESH FEO] HIEA]
Al Equipment and Package, Bulk Materials, Stick-build
Constructionoll aiig HIE0] e} HESH FiEe He
o] H|& ojojel(d)of sldsl= Modularization® 2 F&EE
Ct.

ZIEHE TV e ZE2HE A 3 2]
=
=

EPC 2E2| Z2HMEC| b3 S 22| XYM Mg

SE LT

AR ditEe Folsty] el A EOJHZRE Cost
Breakdown Structure (CBS) & Cost Data& F&510] &&
SICHWang at el,, 2019). T2AE F)A k= FolE 21y af
7IRE AHEOR FE610] ZHE RUER AVHASE
Astol fUE g7 Wele sttt AvHge At
7] 915 CBS Libraryg ZFdotal Ol HIEOR Z2AE
9] CBSE TAIGITE CBS Library= TZAE s HRE £
J} 917} olol"l (Cost Item)S E8I6H= MM 271K 744
U 4 +EE Qe WESE EoIt 4 =3 U
S5 ‘TLZAE (Project)’, ‘79 (Area)’, ‘B3 (Discipline)’,
‘FU(Unit), BHATZ|A](Work Package) SOIH ZZAE
E-o] mg} FESITE CBSE WBS2Ie] (AIE flsto] 25
2 SHoE AY W7 |X A e FolsiRon 2 Al
£ Cost Itemal} Z10]| W2 Cost DataE ZH=C}. CBS % Cost
data FEE Qo] e ZZHE =8 Z CBS +8/H 0]
7FsSh CBS AHE F&Eok, SA7HPE9 28HA Q1 ‘¢
JHEFAIA CBS)NEY SEAOIA = AR &4, Q+k=
AN =5 9 AR HRIE -SIT) AT =01 HElst
HAZ Aolst CBS/WBS ESRIAE T

271 EloJH = AME HIOJHS] BOM (Bill of Material)
S Zst0] =&6HH, 2% AA (Physical Breakdown
Structure; PBS)@Q} ZI&IA (Work Breakdown Structure;
WBS)Q| HAIdE Atalo] Lottt B8 AAE FY,
H7|R], g, A1 2 ZX] S02 745 = SHEQ &
& TG40 shigatal, AAIA= 35 (Displine), 2
Q1(Work Package), QAR (Activity) TF 22 Ao W A]E

= ¢Iet @40l sigetch

Table 2. Structure of sample CBS

ltem Description
1 LUMP SUM PRICE
1.1 Fixed LUMP SUM PRICE

Home Office Services

Equipment and Packages

Bulk Materials

)
d) Modularisation
) Piling, Underground, Foundations&other Civil Works

f Stick-built Construction, Modules Installation Hook-up&Pre
commissioning (including commissioning of all utilities)

9) Commissioning Assistance and Test Run

h) Field Management and Supervision

)} Insurance Space

) Pre-defined Critical Spares (SPIR-1)

k) Training

Sub-Total Fixed LUMP SUM PRICE 1.1 (a to k)
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EPC ZHEO| EMN £Q AAl T2 A W QETE| &
HIQ} BESH HE #8510 WBS & CBSEIA0] HFEGH=
Z10] SAIAOILY, (Table 3)= AX|RUl, &, 259 oAl
O|Ch.

Table 3. Units and disciplines included in the sample project

Division Content

Process Unit (Reactor Modules)

Control Building

Install Unit Storage Unit

Power Supplier

Water Treatment Unit
Preassembled Rack (PAR)
Preassembled Unit (PAU)
Vendor Assembled Unit (VAU)
Preassembled Building (PAB)
Civil (CV)
Building/Architecture (AR)
Piping (PI)

Electrical (EL)

Instrument (IN)

Steel Structure (SS)
Mechanical (ME)
Painting/Insulation (PA)

Modiule

Main Discipline

OJAIE BES PAR (Pre-Assembled Pipe Rack), PAU
(Pre-Assembled Unit), VAU (Vendor Assembled Unit)O]
H<Fig. 57, 71A, wtold, &7], Zx 0] /1 HEof &
Stelr}, O] HHYsio] Z2HAEQS] HPE Tt BF7]
Z0f SlEg5k= Phase, Unit/Area, Discipline, Milestone,
Organization, Scope of Work, Module & 11245}0] CBS/
WBS SHAIAIE Foloitt. SexlAs UFA9 QAT
g 7|2o7 ng2rE AL (Monitoring & Control)
£ 98t Summary Level @& WA PMat §0lak0] it
AH AAEY A9 dHoA HAAAE ot of
Q| e = A} sith YFEAI=RE SEAA tet S
H QA0 glg A= FAF ZE2HEE FEsio
ESIHIAE 7HE3EHH, Phase, Zone, System, Discipline/
Work Package/Module (PAR, PAU, VAU)/Material Status
Report/Progress Measurement Systeme 112610] S84
AE 7Hsitt.

WBSQ| Level 12 FA9] Level2 TZHE HE LIERY
H, Level 2= Z2HE HISTEAAQ} HASI Z2HE
Ak HEARK|Y, Off-site, On site, Commissioning SO.2
TEEICE Level 32 Work Package®= £5F50] @AME
fIot AAIRL S]] AlEsH FrKFig. 6).

87 st=ziume|ers| =27 H213 H3S 20204 5

PAU INSTALLATION. First level of the module
remain flush with grade -
* Excavation of module
haul routese
« Civil Foundation (below
grade level)e
Grade Level o * SPMT installation~
m = Backfill Haul Route post-
module installation to
achieve flush grade levele

Flush with Grade Modules
(elevation view)

PAR INSTALLATION- Raise foundations«

* No excavation of module
haul route required«

* Raised Civil Foundation
(above grade level)«

* SPMT installation~

* Removal of
Transportation Steelwork

Grade Level ] - after installation.«
Fig. 6. PAU and PAR installation

TRANSPORTATION
E

;mi:«

WV

CBSQ| Level 12 FAIQ Level 2 ZEAE WS LIER)
M, Level 2= Fixed LUMP SUM PRICE®} Optional LUMP
SUM Scope Items/PRICEZ T+&=IT} Level 32 Fixed
LUMP SUM PRICES] cost Al E5Z0|TKFig. 7). Fig. 8
£ WBSe} CBS7I S8tEl AAIQ] ollAlolH (Table 2)0i of
Al HETR]O] AA TEE LFERICE iE O F 7tk
d tAA 221H ol IE U, BE ©9l9 ETF
T AE W AISE Qe S5 A7 AAEE
=k

LEVEL 1 LEVEL 2 LEVEL 3 LEVEL4
CONTRACT
MILESTONES
CONTRACT/MANA
A GEMENT | PROJECT
ACTIVITES MANAGEMENT
Y PERMTS
DETAILED
ENGINEERING
HOMEOFFICE ||| PROCUREMENT
I SERVICES I SERVICES
SUBCONTRACTING
H SERVICES MAIN PLANT
PROCESS &
EQUIPMENT UTILITIES AREA
L MANUFACTURING PACKAGES INTERCONNECTI
BDELIVERY NG OFFSITE PIPE
BULK MATERIALS
RACKS OSLB
PAR MAIN PLANT
i PAU | PROCESS&UTILIT
Sample Project | pappicaTiON VAD £S AREA
H MODULARIZATIO
N&TRANSPORTA PREFABRICATD MAIN PLANT
PLPES/STEEL PROCESS&UTILIT
PRECASTING ES AREA
ON SITE CIVIL ON SITE CIVIL COBN?E:ETSES'})R
CONSTRUCTION CONSTRUCTION
AREA
ON SITE
COP,\'J"S‘{"JL(,"C"TEI%N ON SITE PLANT(ME)
H SITE |- CONSTRUCTION SITE
INSTALLATION&P INSTALLATION
RECOMMISSINING
UNITLITES
COMMISSIONING
ol ONING
&TEST RUNS PROCESS

COMMISSIONING

TEST RUNS

Fig. 7. Integrated management structure



LEVEL 1 LEVEL 2 LEVEL 3

— Home Office Service

Equipment and Package

Bulk Materials

| Fixed LUMP SUM
PRICE

Piling, Underground, Foundation8
other Civil Works

R R

Modulalsation ‘

Stick-built Construction, Modules
Sample Project - Installation Hook-up & Pre-
commissioning (including

commissioning of all utilities)

Commissioning Assistance and Test
Run

Field Management and Supervision

Optional LUMP
H SUM Scope
Items/PRICE

Pre-defined Critical Spares

Training

Insurance Spares ‘

A I I N E

Fig. 8. Sample cost breakdown structure
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