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BENCHMARKING THE STATE-OF-THE-ART INFORMATION
AND COMMUNICATION TECHNOLOGY (ICT) INFRASTRUCTURE SUPPORTING
MANAGEMENT OF MAJOR-SIZED ENGINEERING
AND CONSTRUCTION PROJECTS

Engineering and construction projects, also callRIC projects, formed a pioneering application acda
project management, and are characterized by seatufes as absolutely larger financial sizes of the
projects under investment; high complexity and glotature of operations; required high accuracy of
contractual delivery on time and budget demandethbymaturity of the industry; and high dependency
on robust information and communication technoldgyT) on a global scale. An ICT platform for a
company dedicated to operating in the EPC projeetguires a unique combination of tailor-made,
robust ICT systems and industry de-facto projechagement software, and must support both, project
planning and execution, and project controls anchaggement. This paper benchmarks characteristics
and the typical structure of a the project-relatédT platform of Japan’s super engineering and
construction company in which 2 authors have wayldrperience of 40+ years.
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Inoicunipuneosi i Oyoieeavni npoexkmu, ski wacmo Hasusaiomvcs EPCapoexmu, cgopmysanu
HOBAMOPCHKULL CMULL 3ACMOCYB8AHHA YNPABNIHHA NPOEKMamMu, AKUU Xapakmepu3yemovcs MmMaKumu
ocodueoCmAMU, K. GeIUKI 00cs2U (QIHAHCYBAHHS NPOEKMI6 y PAMKAX [HEeCMUYIUHOL OIAIbHOCMI,
BUCOKA CKIAOHICMb 1 2100aNbHUL Xapakmep onepayil, 8UCOKA MOYHICMb NOCMABOK 34 002080pAMU 8
yaci i 8 medcax 0100xcemy, GUCOKA MEXHONO2IUHA 3PINiCMb 2any3i; 8UCOKA 3ANENHCHICMb 8i0 HAIUHOT
inghopmayitino-xomynixayivnoi mexnonozii (IKT) 6 enobarvnomy macwmadi. Busznaueno opicnmupu
Xapaxmepucmux i munogy cmpykmypy npoexkmis, nog'sasanux 3 IKT ¢ niamgopmi cynep indicenepro-
0yoisenvHoi komnanii Anomii.

Knruosi cnoea: benumapkine, IKT, inscunipune, oyoienuymeo, ingppacmpyxkmypa

Husicunupurneosvie u cmpoumeiivible npoekmol, Komopwle uacmo Hazvieaomess EPCanpoexmet,
cpopmuposanry HOBAMOPCKULL CMULb NPUMEHEHUs. YNPAGIeHUs NPOeKMAMU, U XAPAKMePU3ymcs
makumu  0COOeHHOCMAMU, Kak. Ooivbuiue 00veMmbl (DUHAHCUPOBAHUS NPOCKMO8 6  PAMKAX
UHBECTMUYUOHHOU OesIMeNbHOCIMU; BbICOKASL CONCHOCTb U 2I10OANbHBLI XApaKmep Onepayull; 8blCOKAL
MOYHOCMb NOCMABOK NO 002080PAM 80 BPEMEHU U 8 PAMKAX OH0dcemd, 8blCOKAS MEXHON0SUUeCKAs.
3pelocmb  OMpAaciu; 6blCOKAS 3A6UCUMOCHb OM  HAOEHCHOU UHPOPMAYUOHHO-KOMMYHUKAYUOHHOU
mexnonocuu (UKT) ¢ enobansnom macuwmabe. Onpedenenvl Opuenmupbl Xapakmepucmux i munudnas
cmpykmypa npoekma, ceszannvlie ¢ UKT 6 naamgopme cynep uHiICeHepHO-CMpPOUmMenisbHolu KOMNAHUU
Anonuu.

Kniouesvie cnosa. benumapxune, HKT, unscunupunz, cmpoumenscmeo, ingppacmpykmypa
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ch teristi f Enai . d integration of diverse activities and optimizatimmong
aracteristics of Engineering an constraints or competing objectives”.

Construction Projects Suppose an oil company constructs a 50,000

An engineering and construction project, als®PSD (barrel-per-stream-day) grassroots refinery in
called almost alternatively a “capital project’,eth Ukraine, a typical EPC project costing some US$3
objective of this paper, is a project to conceiptan, Pillion, the undertaking of constructing this nesfinery
design, and deliver — through translation of itsige Presents the following management profiles:
into materials procurement and physical construagtio * This undertaking is designed to create new
production, processing, storage and distributicantsi Pusiness value to attain an increase in the capani
and facilities. The industry branches that hostitahp Stability in oil product supply in the country —ighs a
projects are typically the “process industry” swshoil social benefit - and the oil company’s businesselitn
and gas, chemical and petrochemical, power geperati such as increased margin and market share;
and manufacturing industries pertaining to the awne e This undertaking is temporary, as it will end
companies, and the “engineering and constructionvhen a refinery is successfully completed and its
industry in which contactor companies are main gday commercial operation is started;
and a variety of suppliers are secondary ones (eana e The undertaking is unique in that a refinery
2012). Monetary sizes of investment in single Gpit will have a unique configuration of process unitel a
projects range from US$20 million to US$5 ftrillionancillary facilities, each with designs unique fibis
which signifies that globally operating first-tigrime  refinery, and it will be located at a new site whiffers
contractors must have capability and capacity &cete  unique local conditions;
and manage projects up to in excess of 1 trilli@$U + The undertaking is a typical system consisting

There are diverse versions of definitions forof systems of material and energy processes, amehinu
project management in the industry. For instanceystems, for converting crude oil (input resourdesi
Project Management Institute (PMI®) indicates thgariety of petroleum products with added value gotit
definiton of project management as "PijeC?esources);
management is the application of skill, tools, and .« This undertaking might most probably involve

techniques to project activities to meet the pmjeG syndicated loan of supplier's loan and commercial
requirements” in its A Guide to the PROJECThanks’ loan:

MANAGEMENT  BODY OF  KNOWLEDGE « The undertaking is constrained by a defined
(PMBOK® GUIDE) Fifth Edition (PMI®, 2013). While pydget, supportive infrastructure or the size obamer
this definition is universal, one needs to shamaa@e organization’s project team;
specific definition for heavy project industried. we « This undertaking would involve such processes
look at a common denominator of those definitioryg project feasibility analysis, project developtand
versions generally used in capital projects, we Idoupjanning, project definition (front-end engineering
arrive at the following most practical definition design), engineering, materials procurement,
(Tanaka, 2012). construction, and commissioning, as well as project
"Project Management is the application of ananagement which will integrate and optimize a# th

systems approach to the management of a series ffher processes; each of these processes, in turn,
interrelated, technologically complex tasks folcomprises numerous sub-processes;

engineering, procurement and construction of a new, « This undertaking draws on selected,

expanded or revamped facility, normally describsda commercially proven process technology, a full
project, whose objectives are explicitly stateddrms  spectrum of professional engineering methods, afet
of time, cost and quality performance parametens, aproject management and control systems and
whose tasks terminate when those objectives are Mgfernationally qualified quality management syssem
For attaining the stated objectives of the projext, gng,

sponsoring organization (owner) and a project etkegu « For carrying out this undertaking, the owner

organization (contractor) utilize resources in anpled  organization establishes a dedicated project teznaa
and controlled manner. Furthermore, to meet thel negontractor, or contractors, will be hired by thenew

for concentrated attention to highly specific pobje . . .
requirements whose satisfaction is pressed by time, Life Cycleof a Capital Project

project management lets functional personnel (wairti Figure 1 depicts the life cycle of a project asnsee

hierarchy) be assigned to a specifically organizeﬁom an owner organization (Tanaka, 2006 Tanaka
project team (horizontal hierarchy). Project mamaget 2012).

incorporates the processes of planning, directing,
monitoring, analyzing, problem solving and
communicating, as in general management,

A typical capital project can be divided into three
major phases: Project Development Phase, Front-end
fc?{>Ianning Phase, and Project Execution Phase.
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Project Development Phase Front-end Planning Phase Project Execution (EPC) Phase) %;;ﬁ;é@
L=
Project Conception Project Analysis Feasibility Study Project Definition ggrgll:rsglfr’l Procurement, Operation
+Project Idea +Market & +Owner Project Team +Basic Design & +Contractor Project Team
Conception Competition +Definition of Front-end Engineering Mobilization
(Opportunity) Analysis Mandatory Business Design (FEED) +Project Coordination Procedures
+Business Policy «+Raw Materials Parameters +Definitive Cost «Kick-off of EPC Phase
Review — Priority, Availability +Definition of Estimates +Sharing of Project Mission,
Objectives «Indicative Plant Mandatory Technical +Project Execution Objectives and Execution
+Project (Production) Parameters Strategy & Plans Strategy between Owner &
Initiative Team Capacity +Basis of Project +Financing Plan Prime Contractor
+ Indicative Project | eProject Location Execution Plan +Contracting Strategy & «Integrated Project (EPC)
Parameters Alternatives +Design Basis Plans Execution Plans
+ Plans for Next +Candidate +Project Milestones +Detailed Engineering
Phase Technology sFeasibility Studies +Government Application (II)
Screening - Market +Bidding and Bid Review +Materials and Equipment
+Project Scenarios - Raw Materials +Financing Arrangements Procurement
+Preliminary ROI & - Technical +Prime Contractor +Construction
Other Economic - Supporting Selection +Owner/Contractor Project
Parameters Infrastructure (Case 2) Review in between
+Major Risk - SHE (Safety, +Pre-commissioning
Analysis Health, Environment)
+Project Proposal - Financing (Assumed)
+Project Executive - Risk
Nomination +Budgetary Cost
+Gate ReviewI & Estimate
Plans for Next +Prime Contractor
Phase Selection + Approval
(Case1) * Monitoring
+ Change Management.
Owner Project Management Function |

Shaded zone: Work by The Owner (Client)

Figure 1. Life Cycle of a Capital Project (ProcB$ant Case)

Project Development Phase Front-end Planning Phase

The Project Development Phase aims at project

] ) - ) The Front-end Planning Phase is a preamble to
conception as business and strategic analysis of th . . . .
. . . project execution and intended to explore detailed
project value. During this phase,

A a ?pons,orm%asibilityand later definition of the project. pooceed
organization, namely, a plant owner or its higher

ol ot h ﬁ lectivelv llcd with this phase, the first important step is toaige
i::ncr)o g 0rg§n|za Kt)r; (.erdeat er f: ?C |vety-e q the Owner’'s key project team. The first half ofsthi
© wner) car_nes outbasic da a ga er|n.g, projee phase is that of project feasibility studies whiabainst

screening against the corporation’s business gyate

. . . ) the mandatory business and technical parametavslas
and evaluating basic conditions for materializirgp t

as project strategy of the owner, the Owner prdj
potential project. This Project Development Phase prol 9y prajesmn

i ) i . ) ) assesses the feasibility of the candidate project i
culminates in the identification or confirmation tfe . .
o biecti q Is of th oot D assessed in terms of market outlook, raw materials
m|55|on,-9-1ec IVes and goals o eprOJec,pI ary availability, plant scheme alternatives, supporting
plant/facilities scheme, technology alternativeanp infrastructure, HSE or health, safety and envir e
location and raw materials logistic altemativeséspects and, risk involved ’in the project concept
economics and competitive position of the projdahp Capabiliies on technological and engineering
identification of the Owner’s core project initiadi team
as well as stakeholders participating in the pitpjesk

assessment, scenario analysis, economic studies and
_ _ i _ budgetary cost estimating are essential for thikkwo

level associated with the project; and strategypfoject

development and execution. In performing this, the

Project definition work, in the second half of this

. _ phase is normally undertaken with the Owner
Owner roughly estimates resources required for the . . ) . .
employing a consulting firm or an international

project and prepares a slate of alternative soemari

) i engineering and construction company broadly
When the work for this phase is completed and theze

o i . experienced in this type of work for project
good indications of project feasibility, the Owner ) . .
development; such a company works in a joint team

project initiative team present.s a prOJec-t prppd)eahe with the Owner. The Owner, assisted by a consyltant
management of the sponsoring organization to obtain . : . .

. _ carries out front-end engineering which produces
approval for proceeding with the next phase.

specifications for end products quantified in megfil
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measures; product quality standards to be met; ¢ Procurement of equipment, materials and
definition of production processes and supportitiityy  services, and;

and offsite facilities in such forms as a projeefinition « Field construction.

(front-end engineering design) package; resources Project management processes are most
required; and, project milestones and key actwiiie intensively deployed during this phase to direct,
the project. Based on this, the Owner establishgjg@t monitor, forecast and control work scope, quality,
budget and cash flow forecast, project work breakdo project schedule, costs, and, stakeholder satisfact
structure (WBS) or project work and deliverablesThe Contractor resolves problems encountered, ds we
dictionary, project master execution plan, andjged as reporting and evaluating monthly progress of the
to be adhered/procedures to be employed. Alsprojectto the Owner.

contracting strategy for the Project Execution Rhas Now, the project is around the final corner and int

(EPC Phase) is developed. the home stretch. A project is not considered sssfoé
By this time, the Owner will have completed anf it fails to attain the predetermined objectives.
overall project definition package of a grade siador To smoothly complete a project, the Contractor

judging capital investment or otherwise, togethéhw finalizes the project product, or in this caselanf so
more accurate risk assessment. If, happily, the @dwnthat the Owner can accept the plant.
has justified the project in all the essential atpethe Henceforth, final accounts are settled and product
Owner team will seek senior management's appraoval tesponsibility is transferred to the Owner. Both @wner
proceed with the project for implementation. Whbea t and the Contractor evaluate the project and docuitgen
project is authorized to proceed to the Implemémat results in order that project file is readily asaile for
Phase, prime contractor selection is done throudhture projects; in fact this is a very importameps to
contract negotiation or international bidding. enhance an organization’s competitiveness. Finally,
Here again, there are cases where a project, onesources tied to the project are released andected
taken up in the previous phase, is judged to bEagible to new projects or functional activities.
in the light of finer definition or changes in econic

. Requirement for Information and
environment.

Communication Technology I nfrastructure
on Major Sized Engineering and
The Project Execution Phase is the phase during Construction Projects

which, based on the project basic planning and ] ] ] )
definition documents produced so far, the project Major-sized global EPC projects impose

gradually takes on physical shapes in terms d&hallenges on contractor project information and
engineering design documents, procured equipmeht agommunication technology (ICT) infrastructure.
materials, and erected facilities. Most of the wiorkhis Tanaka (Tanaka, 2006) discussed such challenge
phase is carried out by a prime contractor (thand this paper updates the challenges in view of
Contractor) hired by the Owner. The Owner and thghe recent development of the mega project

Contractor start by setting up project organizatiand industry based on the feedback obtained byjitste
communications channels. author (Tanj):

Then, the Contractor carries out project execution —, A unique combination of project management
planning and develops the project’s work breakdowgystems defacto to the EPC industry, e.g.
structure (WBS) and resulting work packages frolprMAVERA P&  software for planning  and

contractual scope of work. Various resources A% heduling, and home-made project execution and

mobilized to the planned capacity and work packaggfanagement systems in which knowhow of handling
are executed. In many cases, this stage is refesrad | materials (such as piping materials, civil and
the engineering-procurement-construction phase,

simply the EPC phase, and the following are inatlade

e Follow-up on project definition package
(front-end engineering design package);

e Planning and analytical
(engineering flow diagram plot plans, etc.);

« Production engineering and design;

Project Execution Phase

Qfructural materials, and electrical/controls miater
that represent 25 to 35% of the total project dasta
key to competitiveness;

_ _ * The total system must be built on the philosophy
engineering¢ project relational database (specific projeat eil-up

to division-wide data), on powerful relational dzdae
management systems (RDBMS) such as OFacle
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* Robust systems structure that allows handling ¢ Remote accessibility to home office systems,
of the vast amount of data generated by multi-hedidr usually using Web technology, to support constourcti
million-to billion-US dollar projects; site teams and other distant participant offices;

e Systems configuration that enables or * Flexibility in tailoring output to absorb project-
facilitates data transfer from project executioglsas specific requirements, and connectivity with coupdet
engineering, procurement and construction (EPC)andsystems of partner contractor organizations under a
project management with a minimum of humanoint- venture or consortium structure.
intervention and synchronization of data among A typical project execution support and project
component project execution and managementanagement and controls system is presented ireTabl

information systems; and Figure 1 by the courtesy of JGC Corporation,
* High-speed transactions and data transfer falapan’s leading and one of the top five global
transnational project operations connecting mudtiplengineering and construction company

project operations centers distributed around tbhddy  (http://www.jgc.co.jp.)

note that some 60% in terms of projects’ prices Table lists component ICT systems forming the
delivered are earned by international joint verguoe total project execution support and project managgm
consortia among Japanese, US, ltalian, French aadd controls systems to support the total phases of
Korean prime contractors; and that in most megessiz engineering, procurement, construction and project
projects clients are also joint ventures, (Tan&@@]7; management (EPC-PM) and Figure 2 depicts the
Tanaka 2014 interface of the major systems.

Table

Global Project Execution Support and Project Management and Control Systems

JGC Corporation Project Execution Support and Project Management and Control Systems
[ Name of the System Code  [User Disciplines Primary management and control functions to support
W Project Management and Controls System
Cost Estimating System CES  |Cost Engineering High accuracy cost estimating
Profit and Cash flow Management System ProCash PrOJ?Ct Managementl(:ost Project cost management
Engineering
Integrated Document Management System for Global Collaboration INDRA  [Project Management Documents management
JGC Correspondence Tracking System J-COTS |Project Management Correspondence management
. Materials management (from materials take-off to delivery from warehouses) to support
JGC Supply Chain Management System JsC Design, Procurement and site construction planning as well
Project Management
W Engineering Management System
Tagged Equipment Management System TAMA Rota.tlng Machlr)ery,. Management of equipment lists
Equipment Engineering
Materials Take-off and Control System MACS :Ir?gl?r?ee?:gl Blectica Materials specification generation, materials take-off, bills of quantity tabulation
Engineering to Procurement Interface Management System EPIC  |Piping Engineering Materials list generation for piping materials
W Supply Chain Management System
Integrated Vendor Information System IMS  |Procurement Global vendor information database
Inquiry Supporting System 1SS [Procurement Supporting inquiry to vendor work
Inquiry and Bid Evaluation System BIDS  |Procurement Bid tabulation for piping materials
JGC Procurement e-Solution System 3PLUS  |Enginesring, Procurement e-Workplace for inquiry/quotation documents exchange on secure websites between JGC
and vendors
JGC Purchase Order Commitment System PCOM  |Corporate To generate purchase orders to globally
Payment Schedule Management System for Project Operations PAY [P)re(:)cal:trz]ti?t, Finance Auto-generation of payment schedules on purchase orders
JGC PROCUREMENT E-SOLUTION SYSTEM (FOR APO) pLUSP |Procurement e-Workplace for exchange on secure websites for project specific documents and globally
located vendors
Expediting & Traffic System ETRS  |Procurement Logistics management
Procurement Tracking & Controls System PTCS  |Procurement Procurement milestone management
QC STATUS CONTROL SYSTEM QCS  |Quality Management Support the total flow of quality management on equipment and materials on order
W Construction Management System
Construction Management System (including 4-D CADD) CMS  |Construction Overal m.anageme.nt of ste construction opgratluns: e .CAD s fur.vlsual.lzmg
construction planning by 3D plant models with construction work simulation
COCOS COCOS  |Construction Construction work cost estimating
TOMAS TOMAS  |Construction Supporting plant systems tumover to the client

15



Ynpasninns pozeumxom cknaonux cucmem (18 — 2014) ISSN 2219-5300

Basic Design |

[ Design Software ] [ Database ] [ s ] !
(ZYQAD) P&ID 1 Groupware

Knowledge Management
Detailed Design J Loy

- > [ Notes Mail ] [ Notes DB ]

Equipment/Rotating Piping/Civil/Electrical Instrument 2D CAD | E—
Design Software | A\ O\ ()| e e o= 1
3D CAD SPI AutoCAD

Database (PDS/SP3D/PDMS/) Microstation

(ZYQAD)

Material Management ( Procurement ) |

Corporate Administration

Equipment DB —
[ quip ] J—— JON

(TAMA) i s
<H ETRS :’[ PTCS I MTCS IPSUDS] CAPS (JGC Office Navigation
MTO Database REQ IIS PCOM Qcs H System )

MACS) | B e F T IETTTTTTTITTPPPPrr) ': CONT | _PIRS PAY

A
E-Procurement 4 Construction Planning & Management

~ Request for Inquiry, _ Estimation Construction Construction
Clarification, Quotation (COCos) Simulation (4D) Management (CMS)

A

A

Project Management | v y

- Project Cost Control <
Schedule Control Primavera Cost Control (ProCash)
A4

Integrated Electronic Document Management (INDRA)

IT Infrastructure ( WAN,LAN,Server, Information Security )

Fig. 2. System Configuration Flow of the Global RaijManagement System

ICT manager (or consultant) in the project teamirdur
the planning and build-up phase to help the project
While project directors and project managers ardirector make informed decisions on the smart sielec

not necessarily knowledgeable on the latest ICPf project IT components utilized in their projemtd
considering that reliable and efficient ITC utilizan is Subsequent surveillance of systems functionalitd an
vital for global projects, they should include aject trouble shooting.

Conclusion
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