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APPENDIX |

SCHEDULE, VIII-1 - DETAILED MANNING TABLE

MANNING TABEL :

Staff [ ] Labor[ ]

Department (cost centre) Number of persons by salary (P1,P2,...... ) OR
By wage (wlw?2,...... ) category and shift

Function - ° 1 _ 2 - 3 - 4

s© F L F L F L F L F L

1

2

3

4

1

2
TOTAK LOCAL :

S= shift

F=foreign personnel (recruited from abroad)
L=local personnel (recruited nationally)

% Use separate schedules for staff (P) and labor (W).

® Insert code for salary (P) or wage (W) category.

° Note that four shifts will have to be manned in case a plant is
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APPENDIX | (continued)

SCHEDULE VIII-2 - ESTIMATE OF PERSONNEL COSTS

(INSERT IN SCHEDULES OF APPENDIX E VI-4 AND VII-1 OF APPENDIX H DEPENDING ON
TYPE OF PERSONNEL)

project:
Date:
Source:
Product/cost centre First year of Currency
production
CODE: Units
Cost projections for year:
Direct costs by category Annual costs per person Total costs per year
Code FIL [ VIFF Ju?® Costs © U per | Costs No. of Total Variable
peru year per persons Of total ¢
person
F
L
T
Total foreign costs
Surcharge (%)
Surcharge (costs)
Grand total foreign costs
Total local costs
Surcharge (%)
Surcharge (costs)
Grand total foreign costs
Total (foreign .local)
Total surcharge
Grand total personal costs
| F=foreign L=local T=total(foreign .local)  U=unit |

% Indicate whether number of persons varies with capacity utilization (V) or remain fixed (F).
® Indicate whether costs are given by hour (H), day (D), week (W), month (M) or year (Y).
‘ Indicate foreign (local) cost components, if applicable.

¢ Indicate personnel costs, varying proportionally with capacity utilization (production

volume).
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APPENDIX J
CHECK-LIST 1X-1, SAMPLE BREAKDOWN OF PROJECT IMPLEMENTATION COSTS

Costs of project implementation management
- Salaries and wages of managerial staff.
- Rent and operation of offices, motor cars, living quarters etc.
- Travel and communication expenses.
- Fees for specially assigned consultants.
- Fees and cost of quality control inspections abroad.
- Printing and photocopying.
- Duties and taxes during the implementation period.
- Costs of legal assistance.

Costs of company formation and organizational build-up
- Costs and expenses directly related to company formation, such as financial costs, duties,
taxes, fees and costs of legal assistance.

- Salaries and wages of managerial and administrative staff.
- Recruitment costs (advertising costs, fees paid for recruitment services etc.).

- Salaries and wages of recruited staff and labor from date of recruitment until commercial
production

- Rent and operation of offices, training facilities, motor cars, living quarters etc.
- Travel and communication expenses.
- Fees for specially assigned consultants.

- Fees for consultants and experts as well as possible additional allowances for foreign
staff.

- Fees for external training (locally and abroad) including travel and subsistence payments.
- Training documentation and training material (if not part of supplier contracts).

Technology acquisition and transfer
- Travel and communication expenses.
- Consulting fees.
- Testing, technology assessment costs.

- Detailed process engineering for lump-sum know-how payments and royalties (see also
Chapter VI).
- Costs of know-how transfer (training costs).

Detailed engineering of equipment and civil works, tendering, evaluation of bids,
negotiations and contract awards

- Salaries and wages of planning staff.

- Rent and operation of offices, motor cars etc.

- Travel, transport, communication, subsistence.

- Fees for various types of consultants on detailed engineering costs (see also Chapter VI).
- Site and laboratory tests.

- Printing of tender documents, drawings and specifications.

- Stamps and duties.

(to be continued)
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APPENDIX J (continued)

Supervision and coordination of construction work, installation, testing, trial runs, start-up
and commissioning

- Salaries and wages of site staff.

- Costs of local and foreign experts and consultants.
- Rents (living quarters, offices etc.).

- Erection, operation and camp maintenance.

- Raw and auxiliary materials, factory supplies for test runs, performance testing and initial
production.

- Cost of interim warehousing off site.
- Cost of spare parts and maintenance.
- Insurance paid during project implementation.

Arrangements for supplies
- Salaries and wages for purchasing staff.
- Travel and other related expenses.
- Communications.

Arrangements for pre-production marketing
- Salaries and wages for sales and marketing staff.
- Advertising.
- Training of salesmen and dealers.
- Travel expenses.
- Communications.
- Cost of establishing distribution network including special equipment.
- Printing expenses for public relations materials etc.

Preliminary expenses and costs involved in capital issues (unless included already in cost
groups listed above)

- Registration and incorporation fees.

- Printing and incidentals expenses.

- Public relations expenses.

- Underwriting commissions.

- Brokerage.

- Legal fees.

- Insurance.

- Interest during construction (on term loans, current bank accounts etc.).
- Other pre-production expenses.

(to be continued)
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APPENDIX J (continued)
SCHEDULE IX-1 - PROJECT IMPLEMENTATION CHARTS

project implementation chart:level

year

no main tasks Juaner

1234}1234

1234°

1234

1234

1234

1234

Tcomany formation

2 govermmental approval 0

3 organizational build up

4 technology sequisition _transter
5 detailed engineering

6 tenders negotiations constracti
7 acquistion of land

8 constraction and installation

9 supply of material and services
10 pre production marketing

11 plant commissioning
12 build up of full plant operation

applicable

project implementation chart:level 2

main task no 5 year

main task quarer

12341234

1234

1234

1234

1234

1234

e

.1 gite preparation intrastructure
2 architectural and structural

3 electrical and mechanical

4 production progromme

5 equipment speecifications

‘6 documentation [operal maind
7 tests _acceptance standard

8 tecchnical bid documents

project implementation chartllevel 3

—

year

equipment.specifications | quarter

51 moin plate units linel

52 moin, plate units line2

53 moin plate units line3

54 interphase writing

| 55 instrumentation
56 emergency genator,

57 cranes and trucks
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APPENDIX J (continued)

SCHEDULE IX-2 - ESTIMATE OF INVESTMENT COSTS:
PROJECT IMPLEMENTATION (INSERT IN SCHEDULE X-1 OF APPENDIX K)

project:
Date:
Source:
ESTIMATE OF INVESTMENT COSTS
Project implementation(insert main test from XI.1) Currency
MAIN PAIN ITEM OR PAIN UNIT® Units
N C|V Unit Cost .
Item description Cost | Foreign local total Year

Total investment costs
Project implementation
(carry over to schedule x.1)

[ N=NUMBER U=unit Q=quantity

Note:

For the purpose of economic cost-benefit analysis, local (foreign) cost elements contained in
imported (national) equipment

should be identified.
a Insert name or description of plant or main plant item.

b Of investment (if necessary show subtotals for each year and plant item).
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APPENDIX K

SCHEDULE X-1 - TOTAL FIXED INVESTMENT COSTS (THOUSAND NCU)

INVESTMENT CATEGORY FROM TOTAL ? TOTAL®
SCHEDULE CONSTRUCTION PRODUCTION

1. Land purchase V-1

2. Site preparation and development V-1

3. Civil works, structures and buildings VI-3

4. Plant machinery and equipment VI-2

5. Auxiliary and service plant equipment VI-2

6. Environmental protection
Site preparation V-2 -
Civil works VI-3 -
Plant machinery and equipment VI-2 -

7. Incorporated fixed assets
(project overheads) -
Technology VI-1
Project implementation IX-2 -—-
Miscellaneous project overhead costs IX-2 ---

8 Contingencies

TOTAL FIXED INVESTMENT COSTS

Foreign share (%)

Date:

 Initial fixed investment.

® Fixed investment during plant operation.

SCHEDULE X-2 - TOTAL PRE-PRODUCTION EXPENDITURES (THOUSAND NCU)

INVESTMENT CATEGORY FROM TOTAL ? TOTAL®
SCHEDULE CONSTRUCTION PRODUCTION
1. Pre-Investment studies 11-1
2. Preparatory investigations 11-1
3. Company formation costs, fees etc. 1X-2
4. Project management, organization 1X-2
5. Technology acquisition 1X-2
6. Detailed engineering, contracting 1X-2
7. Pre-Production supplies/marketing 1X-2
8. Plant commissioning, trial run etc. 1X-2
9. Other capital (issue) expenditures 1X-2
10. Contingencies 1X-2
PRE-PRODUCTION EXPENDITURES (NET OF INTEREST)
TOTAL PRE-PRODUCTION EXPENDITURES
Foreign share (%)

Project:

Date:
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APPENDIX K

SCHEDULE X-3 - TOTAL ANNUAL COSTS OF PRODUCTS SOLD (THOUSAND NCU)

Project:

Date:

COST ITEM FROM SCHEDULE

CAPACITY UTILIZATION (%)
1. Raw materials

Raw material A VI-4/2

Raw material B VI-4/2
2. Factory supplies VI-4/2
3. Spare parts consumed VI-4/2
4. Repair, maintenance, material VI-4/2
5. Royalties VI-4/2
6. Labor VI-4/2

Skilled labor

Unskilled labor
. Labor overheads (taxes etc.) VI-4/2

8. Factory overhead costs VI-4/2
Salaries, wages
Social costs etc. (on salaries)
Materials and services
Rents, leasing costs (factory)
Insurance

FACTORY COSTS

9. Administrative overhead costs VII-2
Salaries, wages
Social costs etc. (on salaries)
Materials and services
Rents, leasing costs

Insurance
OPERATING COSTS
10. Depreciation
11. Financial costs

Interests
Leasing costs

TOTAL PRODUCTION COSTS

12. Direct marketing costs -3
Salaries etc.
Rents, leasing costs
Other direct costs
13. Marketing overhead costs -3
Salaries etc.
Rents, leasing costs
Other indirect costs

COSTS OF PRODUCT SOLD

Foreign share (%)
Variable share (%)
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APPENDIX K
SCHEDULE X-4 - TOTAL NET WORKING CAPITAL REQUIREMENTS (THOUSAND NCU)

INVESTMENT CATEGORY FROM

SCHEDULE

COEFFICIENT
OF
TURNOVER *

CONSTRUCTION

PRODUCTION

CAPACITY UTILIZATION (%)

1. Total inventory X-3

Raw materials in stock X-3

Raw materials A X-3

Raw materials B X-3

Factory supplies in stock X-3

Spare parts in stock X-3

Work in progress

Finished products

2. Accounts receivable

2. Accounts receivable
3. Cash-In-hand

CURRENT ASSETS
4. Current liabilities
Accounts payable X-3

TOTAL NET WORKING CAPITAL REQUIREMENTS
INCREASE IN NET WORKING CAPITAL

Foreign share (%)

Project:

Date:

® The coefficient of turn over (CTO) is obtained as follows:

CTO = 360/MDC (minimum days of coverage).

SCHEDULE X-5 - TOTAL INVESTMENT COSTS (THOUSAND NCU)

INVESTMENT CATEGORY FROM

SCHEDULE

TOTAL ?
CONSTRUCTION

TOTAL®
PRODUCTION

1. Total fixed investment

2. Total pre-production expenditures
Net of interest
Interest accrued

3. Total net working capital (increase)

X-1
X-2
X-2

X-4

TOTAL INVESTMENT COSTS

Foreign share (%)

Project:

Date:
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APPENDIX K
SCHEDULE X-6 - DISCOUNTED CASH FLOW-TOTAL CAPITAL INVESTED
FROM CONSTRUCTION PRODUCTION
SCHEDULE
TOTAL CASH INFLOW
1. Inflow operation
Sales revenue -1
Interest on securities
2. Other income
TOTAL CASH OUTFLOW
3. Increase in fixed assets
Fixed investments X-1
Pre-Production expenditures (net of interest paid) X-2
4. Increase in net
working capital X-4
5. Operating costs X-3
6. Marketing coasts X-3
7. Corporate tax paid

NET CASH FLOW
CUMULATIVE NET CASH FLOW

Net present value (at 12%)
Cumulative net present value

NET PRESENT VALUE (at 12%)

INTERNAL RATE OF RETURN

Project:

Date:
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0. INTRODUCTION

The Standard Practice Manuals titled as "Fundamental Requirements for the conceptual Design
and Engineering" is intended for convenience of use and pattern of follow-up and also guidance.
These Standard Engineering Practice Manuals also indicate the check points to be considered by
the process engineers for assurance of fulfilment of pre-requisitions at any stage in the
implementation of process plant projects.

It should be noted that these Iranian Petroleum Standards (IPS), as Practice Manuals do not
profess to cover all stages involved in every process project, but they reflect the stages that exist in
general in process projects of oil, gas and petrochemical industries of Iran.

These preparation stages describe the Recommended Practice Conceptual Requirement phases
which can be distinguished in every Project.

These preparation stages describe the recommended practice for the project stages which can be
distinguished in every Project:

Stage I: Feasibility Study

Stage Il: Conceptual Design

Stage lll: Basic Design

Stage IV: front end engineering design (FEED)
Stage V: Detailed Design

Stage VI: Procurement

Stage VII: Construction and Installation

Stage IIX: Pre Commissioning and Commissioning
Stage IX: Operating and Maintenance

This Engineering Standard Specification covers:

"CONCEPTUAL DESIGN"
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1. SCOPE

This part of Engineering Standard Specification defines the Company’s minimum requirements for
the "Fundamental Requirements for the Conceptual Design" package which is to be prepared by
the design team or Contractor, concerning the format of the package and contents. But prior of the
preparation of this Package a feasibility study should be carried out according to procedure
presented as per Part One standard.

2. REFERENCE

Conceptual design and feasibility studies: “Emersson Process Engineering Managemet
Article” 2010

Concept Selection Procedure for Basis Design “Concept Selection Handbook”
Oil and gas production handbook: ABB eng. Co. Aug. 2013

Ways to Improve the Bid and FEED Phases of Capital Projects, by Ron Beck, Industry
Marketing Director, Aspen Technology, Inc.

Transformation of Process Engineering — Innovations and Best Practices, Dr. Vikas Dhole,
Vice President of Engineering Product Management, Aspen Technology, Inc.

Project Execution Plan, 2011-09-22 Shell Design Paractice

3. DEFINITIONS AND TERMINOLOGY

Throughout this Standard words have specific meaning as described below:

Title Needed

-“Company” / “Employer” / “Owner”
Means as mentioned in General Definitions of Foreword.
-“Contractor”

Refers to the persons, firm or company whose tender have been accepted by the
"Employer", and includes the Contractor's personnel representative, successors and
permitted assigns.

-“Employer” / “Owner”
Refers to the “Company” as above.
- “Project”

Refers to the equipment, machinery and materials to be procured by the “Contractor” and
the works and/or all activities to be performed and rendered by the “Contractor” in
accordance with the terms and conditions of the contract documents.

- “Unit” or “Units”

Refers to one or all process, offsite and/or utility Units and facilities as applicable to form a
complete operable refinery and/or complex/plant.

4. SYMBOLS AND ABBREVIATIONS

Symbols/Abbreviations mentioned in this Engineering Standard are according to the following table:
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SYMBOL / ABBREVIATION

DESCRIPTION

APC Advanced Process Control
API American Petroleum Institute
BEDD Basic Engineering Design Data
DCS Distributed Control System
IPS Iranian Petroleum Standards
NPSH Net Positive Suction Head
PFD Process Flow Diagram
P&ID Piping & Instrumentation Diagrams
CAPEX Capital Expenditure
OPEX Operating Expenditure/Expense
DMP Decision Making Process

5. UNITS

This standard is based on international system of units (Sl), as per IPS-E-GN-100 except where
otherwise specified.

6. FORMAT

6.1 Covers and Size

The basic design package shall be presented in the form of a book of one or more volumes, the
format of which shall essentially conform to the requirements stipulated in this Standard. The format
of following items shall essentially specified by company requirement, but not limited to:

1) Size of covers

2) Size and type of back covers

3) Color of covers and back covers

4) Color of title in covers and back covers
5) Form of title character

6) Printing of character

6.2 Titles
The basic design package shall be called:

"Basic Design Package"
The titles shall include:
1) Country’s name
2) Company’s hame and emblem
3) Project name of location
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4) Project designation
5) Plant/Unit name and number
6) Volume number, if more than one volume
7) Date of issue
8) Contractor’'s name and mark
9) Licensor’'s name and mark, (if any).
The typical arrangement of titles for the front and bottom are shown on Figs. 1 & 2 respectively.

7. GENERAL

During the conceptual design stage, the individual requirements have to be compiled and the
targets of the project have to be defined. An optimum process is designed based on this
information.

Knowledge in process engineering and energy technology, know-how in the respective industrial
sector and experience with the implementation of processing plants, and not least creativity — all
that is required for conceptual design.

Below item should be considered as target of conceptual design strategy:
e Compilation of User Requirements (URS)
o Definition of Project Targets Together with the Company/Contractor
e Mass and Energy Balances (for main /alternative scenario(s))
e Primary Process Simulation
e Process Selection /Requirement/Strategy
e Evaluation and Comparison of Design Options (Best Case Scenario)
e Layout Including Zone and Logistic Concepts
e Cost Estimates (CAPEX & OPEX)
e Feasibility Studies Summary & Result
e Value Engineering

Concept Engineering is the engineering activity in support of Project Development and is closely
integrated with the subsurface Field Development Planning and surface facilities for Oil & Gas and
Petrochemical (OPG) developments.

Below figure is a typical flow sheet of concept stage study for OPG plants:
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Flow sheet of Concept Stage Study for il and Gas Plant |

* Feed & Input Data = Process & Utility Design Basis

« Production Profile « Environmental & Site Data

= Labratery Data = Feasibility Seenario and Cost Data

+ Feasibility Doc. + Pre-concept (FS) Report & Documents

l Process Flow Scheme ]
|—>{ Process Model Options ]—)[ Process Model Optimization ]-(—)[ Final Simulation Model ]

A A -
R REN. SO TP
)[ Case study Simulation ]. alacted Einal Simulation
.(9.[ Concept Selection Report (C5R) ]
[ Process Flow Dwg. (PFD) |1_)'| H &MB Determined Case ] Primary Equipment Sizing &
3 Specification
!
[

1 Equipment List ]

RFQ for Majar |Dentifying Major
and Critical Equipment and Critical Equipment

Flow Sheet of Concept Design Study for Oil and Gas Plant

Contractor’s conceptual design and feasibility study team shall offerings to perform operational
analysis, quantify benefits, evaluate potential investments, develop business cases, and define
specific project requirements from which a project budget and execution plan can be developed.

The goal of conceptual selection report shall be business objective to improving quality,
increasing production, lowering costs, improving capital utilization, increasing inventory turn or a
combination of all the above stage

Conceptual design studies aim shall be according to the following but not limited to:

= Facilitation to develop overall vision

= Program planning for plant wide or multi-site modernization initiative

= Define and plan future automation upgrade programs

= Economic justification and prioritization for project implementation

= Roadmap new automation technology within existing infrastructure

= Define a starting point for Basic Design or frontend engineering and design (FEED)

= end up with a roadmap, clearly outlining and prioritizing

= overall Plant/Project Cost estimates

= Analysis and quantification of expected process improvements and economic benefit

= Final report documenting results, benefits analysis, recommended technology
enhancements, financial analysis, and recommended project implementation plans

8. OIL & GAS CONCEPT EVALUATION & SELECTION

Conceptual Study is done in the oil and gas and petrochemical industry at the very early stage of a
Grass root/revamp /expansion project to identify all the possibilities and conditions to develop
targeted project. During the conceptual study, the team of engineers will investigate the multiple
technologies to be used.

Below items should be considered for Conceptual Stage Evaluation/Selection & Final Result:
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8.1 Typical activities of concept engineering team are as follows:

Review Feasibility Report

Review applicable codes, standards & legislation

Develop preliminary Process Design (H&MB, PFD, Equipment List)

Develop preliminary Equipment datasheets and Plot Plan

Develop preliminary Engineering Philosophies (HSE, Electrical, and Civil)
Perform Primary HAZID and Risk Analysis

Generate cost estimate (+ 30% accurate)

Develop preliminary Project Development, Execution and Procurement Plans
Prepare and Issue Concept Design Report and Basis of Design.

8.2 Development a base case concept, Development optional concepts and present these to client
in a conceptual selection matrix ,Development criteria for concept selection and initiate the
screening process shall be done by Conceptual Design Teams

8.3 Multi-disciplinary teams of specialist engineers and consultants will during this phase study
facilities options, Perform Process Simulations, Flow-Assurance, Develop The digital Oil Filed or
Process Plant Strategy and perform all the Associated Engineering to support the successful
availability of product export to the market.

8.4 In parallel to the Technology and Engineering Development, the other project activities will be
prepared, e.g. HSE screening, Risk assessment, Development schedule, Equipment listing,
CAPEX, OPEX and Economics based on the concept margins and requirement

8.5 Evaluate the costs of each case, especially during the total life cycle of the project including
capital expenditure for the construction (CAPEX) and operational expenditure (OPEX) to run the
plant

8.6 Estimate construction challenges versus benefits in operations and vice versa

8.7 Measure the impact on the environment (foot print, water and energy consumption, CO,
emissions, local acceptance, decommissioning and restoration costs approximately)

8.8 Draft planning corresponding to each case to identify critical items, Identify potential risks on the
project and hazards for personnel, List all the required off-sites and utilities; Determine all the
infrastructures needed to bring in the feedstock and to export the production; Include local
constraints about regulation, taxations, employment, content.

8.9 After this technical and budgetary evaluation, select the optimized process for a specific project.
When completed, and if validated, the conceptual study will be the base for the Basic engineering
and design of the project.

8.10 The permissible cost estimation accuracy during concept stage itself is +/- 30%~35% for larger
EPC projects.

8.11 Below table show the algorithm of selection of final conceptual repot between concept teams
and client and related approval.
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Concept 02Elgn diSCUSEIONE
tetwzen Client & Eng. Team

/""‘-\-\.
—~" lsdssign T S @
i o concent considered 7 kg ' Procesdwih design data

| degign review or Guids for Rizk |

[Contractor & client agres
Concept enginaenng and
figk analyses 1o obialn
final class approval
{Approval Road Magp)

““"--\__ ./_/ \Faa uations for <:Iass1'..ator‘/l
- S——
Ful - cllent agrae upon !
roval Determine Step Required Gineenng and rigk |
ApES 1 engineerng and risk analysss
—— ﬂpp"o’ 3l Route & Meatin - pran 1 approva |
-
. ~ |
e ¥ I I
Conaies v ] |
erglreznor'g‘e\-_z;l.aum and' {inimum requirement s |
: qualilative risk assessment) |
[ T |
i !
T T |
" e tnEre sy |oenthed e ves |
L = iE3Ues thal must be addres! T
—-__In conceplual d2sign team = |
— - |
Moo T |
_ ,E__ |
o .
- T Conouct additional |
ves o concepiual enginesring ™ — conceptual enginsenng and|
R — ng MEk analysls submtisis mest _'>..._|_ o risk assessmentis |
requirements? T |
|

No 1 dify design and r=a1a)}a
J

Full Class ]I
Condusted Baslc

engneering anmvar (=sting Approval |
~Fa Basic engineering /7§ |
pnnnj risk analyEls submitals Wo_ fModify design and reana |

meet Final Class Apgroval - o orregotazsign
|conguctea satety concept ~_  requirements? . . |

Risk Assessment -
and dewaig) siop or modity |
Hazarnd Registar

Yas |
|
" 12 there spacial e va Gantractor & slent agree | |

requirements 1b maintan class? > Y25 | eocon) iase maintanance
|
|
|
|
|
|

or reject design

reguiremanis

Algorithm of selection of final conceptual repot
8.12 Deliverables items for Conceptual Engineering consultancy services are:
<> Conceptual study engineering report Package: typically includes development
engineering; conceptual selection; technology review; facilities definition based
on process simulation and flow-assurance(if required), cost estimation, project
controls; Risks, HSE, Schedule; CAPEX and OPEX estimates and Economics,
etc.
<> Data & documents for Basic or FEED Basis of Design
<> Data & documents for Basic or FEED Scope of Work

Identify

Assess

Select

Project Initiation Note
Decision-Based Roadmap

Risk and
Management plan

Stakeholder Engagement Plan

Opportunity

Feasibility Study Report
Map of “solution space”
Stakeholder Engagement Plan

Ranked Decision Criteria/ Value
Drivers

Field Development Plan*

Concept Selection Report
(CSR)
Execution and Contracting

Strategy
Preliminary PEP/PES
Cost Estimate and Schedule

Basis of Design
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Below flow chart shown the level of concept engineering during the project activities:

Explore & Conceptual Basic Detailed Plant Operations
Appraise Engineering Engineering Engineering & Planning

Produce Field
Development Plan

Select Field
Development Plan

Produce Conceptual | Produce Detailed | N Ce ion & Monitor & Operate
Explore Process Design | Process Design Handover Plant Field, Wells & Facilities

(Tmubluhnot [ Ensure

Debottlenecking &
Upgrades

Produce Detailed
Engineering Design

Construct & Sk 3
(Pn‘.-mmmis:im Asset Maintain Equipment J

il g
4 FEED > [ Procure & Control Equipment, Materials & Sarvices J

Optimize Asset | | Flow Assurance

Flowchart Level of Concept Engineering

Pre-Project/Conceptual Project Execution (EPC)

Front End Engineering Design
(FEED)

Objective: Define the
business opportunity, select
technology, estimate cost

Objective: refine cost estimate,
prepare EPC phase

Objective: Delivery of the Plant
ready for Start-Up

Content: technical
assessment, develop process
design, milestone schedule,
cost estimate

Content: Develop Plant design
(P&IDs, layout etc.)

Content: Detail Engineering,
Procurement, Construction

Deliverables: Functional
requirements, Process
design, +/-30% cost
estimate, milestone
schedule

Deliverables: +/-10% cost
estimate, Technical exhibits of
EPC Contract, Project schedule

Deliverables: Mechnically
completed Plant, ready for Start-
Up

The cost estimate will consider market conditions, construction methodology, country specific
infrastructure and labor productivity. Our estimating function utilizes the very latest cost information
through our worldwide procurement capability.

9. ESTIMATING CAPITAL COSTS

9.1 Accuracy and Purpose of Capital Cost Estimates

The accuracy of an estimate depends on the amount of design detail available, the accuracy of the
cost data available, and the time spent on preparing the estimate.

In the early stages of a project, only an approximate estimate will be required, and justified, by the
amount of information available.

The Association for the Advancement of Cost Estimating International (AACE International) is the
professional association representing the cost engineering profession in the United States. AACE
International classifies capital cost estimates into five types according to their accuracy and
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purpose:

a)

b)

d)

e)

Order of magnitude estimates (“ballpark estimate,” “guesstimate,” “Class 5 estimate”),
accuracy typically +30-50%, usually based on the costs of similar processes and requiring
essentially no design information. These are used in initial feasibility studies and for
screening purposes.

Preliminary (“approximate,” “study,” “feasibility,” “Class 4") estimates, accuracy typically
+30%, which are used to make coarse choices between design alternatives. They are
based on limited cost data and design detail.

Definitive (“authorization,” “budgeting,” “control,” “Class 3") estimates, accuracy typically
+10-15%. These are used for the authorization of funds to proceed with the design to the
point where an accurate and more detailed estimate can be made. Authorization may also
include funds to cover cancellation charges on any long delivery equipment ordered at this
stage of the design to avoid delay in the project. In a contracting organization this type of
estimate could be used with a large contingency factor to obtain a price for tendering.

Normally, however, an accuracy of about +5% would be needed and a more detailed
estimate would be made, if time permitted. With experience, and where a company has cost
data available from similar projects, estimates of acceptable accuracy can be made at the
flowsheet stage of the project. A rough P and | diagram and the approximate sizes of the
major items of equipment would also be needed.

Detailed estimates (“quotation,” “tender,” “firm estimate,” “contractor’s estimate,” “Class 2
estimate”), accuracy +5-10%, which are used for project cost control and estimates for
fixed price contracts. These are based on the completed (or near complete) process design,
firm quotes for equipment, and a detailed breakdown and estimation of the construction
cost. By this stage the contractor can usually present a list of all the items that must be
purchased and can make a firm commitment to the client.

Check estimates (“tender,” “as-bid,” “Class 1 estimate”), accuracy +5-10%. This is based
on a completed design and concluded negotiations on procurement of specialized items
and long lead-time items.

The cost of preparing an estimate increases from about 0.1% of the total project cost for +30%
accuracy, to about 3% for a detailed estimate with an accuracy of +5%.

As a project proceeds from initial concept through detailed design to startup, costs begin to be
accumulated, particularly once procurement and construction get underway (Figure 6.1a). At the
same time, the ability of the design engineer to influence project cost decreases and is minimal by
the time construction begins (Figure 6.1b).

There is therefore a strong incentive to try to estimate project costs at as early a stage as possible,
even if the design information is incomplete, so that the project can be optimized, evaluated, and
abandoned if it is not attractive.
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