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INTRODUCTION

TECHNICAL ANALYSIS

Engineering and other technical aspects of
the project development should begin
during the planning stages. A production
process must be designed; a technology
and the related machinery and equipment

TECHN'CAL selected; a site selected and developed;

estimates of capital and operating costs
ANALYSIS provided for financial analysis.
Consultation with technical experts may
be appropriate. In the appraisal process
technical aspects are compared with
criteria of interested parties.

If the project is approved for investment detailed engineering is required. An
implementation plan must be developed and then the actual construction and
installations managed. Technical expertise may be required to manage the
production process, to deal with plant maintenance and for product development. If
the plant is to be decommissioned, there is a need for a plan and its management.

Although the costs are usually significant, risk is reduced when project sponsors
secure appropriate technical expertise to deal with the major design and
implementation aspects. If at all possible, engineers and technicians commissioned
to design the physical plant and operating systems and to manage the
implementation (and decommissioning if applicable) should be experienced in the
project’s industrial sub-sector.

The engineering and technical analysis answers the following questions:

¢ What is the most appropriate technology?

e Are required materials and other inputs reliably available?

e Is the available labour pool adequate for the project; if not, is it possible to
train workers as required?

¢ Where should the plant be located?

¢ What is the implementation plan and how much time is required?
What are the costs of investment, implementation and operation?

What should be the extent of technical analysis? It should be sufficiently extensive
to provide reliable information concerning project feasibility and sufficiently detailed
to obtain desirable accuracy in project cost estimates.




WHAT IS TO BE DONE?

_ _ In conjunction with identifying markets
TECHN_ICALANALYSIS— and planning a production and sales
WHAT IS INVOLVED programme, designing the means of
#SELECT THE MosT FAvomasLe process ror| Producing and delivering the goods and
CONVERTING CAPITAL FACILITIES AND RESOURCES INTO | services IS requlred for an |nd uStrlaI
NETKSTARE OUORR A vEhVIoRe investment project. The design analysis
+ CONSIDER THE ENVIRONMENT IN WHicH THE AcTvimes|  COVers the implementation and operations
ARE TO TAKE PLACE phases (and decommissioning when

|+ DETERWINE THE CAPTAL AND operaTNG costs applicable). A_genel_’al outline of the work
ASSOCIATED WITH THE PLAN | to be accomplished is as follows:

+ PREPARE A COMPREHENSIVE TECHNICAL REPORT
. Select the most favorable process for

converting capital facilities and
resources into the required marketable goods and services: The major task
of the technical analysis is to select the most appropriate technology for the
application and to determine the most favourable method for its acquisition; to
design the plant, to select the machinery and equipment to carry out the planned
production and to develop a plan for implementation and operations.

Consider the environment in which the activities are to take place: There are
two aspects to this issue. (1) the effect of the environment (ambient climatic,
cultural, social, economic conditions) on technology performance; and (2) the need
for environmental controls and mitigation measures to comply with regulations,
statutes and good practice.

Determine the capital and operating costs associated with the plan: Provide
estimates of investment costs and production costs, which are used for financial
analysis.

Prepare a comprehensive technical report: An adequate technical study has the
following features:

e All technical aspects covered in accordance with UNIDO methodology or
equivalent

e Essential points of analysis and results of study presented in a compact

manner.

Annexes appended with extensive discussions of analyses and results.

All technological alternatives and trends

All assumptions and bases

Accuracy and precision of data

Criteria for technology selection

Sources of cost information

Supporting documentation of investment cost estimates

References to comparable projects




WHY TECHNICAL ANALYSIS?

Technical analysis is needed to select the
optimal plant design. For any project
there are technical parameters to be
selected e.g. plant capacity, material
quantities and qualities and production

'TO SELECT A DESIGN FOR PLANT AND , ' :
sequence. A variety of configurations

[FACRITIES involving these parameters should be
& CONSIDER TECHNIGAL ALTERNATIVES con_sidered in deciding the actual plant
% AVOID PITFALLS OF TECHNOLOGY OFFERS design.
< AVOID CONSEQUENCES OF TECHNOLOGICAL

WEAKNESSES Consider technical alternatives: Once
- ' the product specifications and production
program have been estimated, at least on
a preliminary level, there are usually a number of alternative technologies that can
be selected to meet these requirements. Alternative approaches to virtually all
installation and operation features can usually be considered, and those that appear
to be most favourable in terms of operating features and costs selected. Another
factor is the selection of plant capacity; often there are capacity limits for certain
technologies, particularly those that are capital-intensive. Plant capacity should be
selected to optimize operational characteristics.

Avoid pitfalls of technology offers: Prudence demands that the project sponsors
conduct an independent assessment of technology, the means of acquisition and its
implementation rather than simply accepting an offer for equipment or process from
a supplier or agent. The most prudent policy is to examine all reasonable
alternatives and then to select the one with the most favourable characteristics.

Avoid consequences of technological weakness: The entire system of
organization and technology must operate in synchronization and harmony to meet
the project objectives. Technical analysis should attempt to identify and correct
weaknesses that could jeopardize the project. Even a technical feature such as a
material standard can represent a serious technical weakness. In one case the
unavailability of the proper steel alloy for nozzles in a caustic spray operation
became an important impediment to success as a result of frequent plant
shutdowns.

TECHNICAL DESIGN PROCESS

The approximate relationships between
v,

Y vV the components of technical analysis are
<~ p 4
I £ m

s shown. The process of technical analysis is

Sl o | e |y [TECTNOLOGY not linear. Although it starts from a
RO S =t _l projected sales programme for a specified
product, feedback from technical analysis

CEEE PRODUCTION PLANNING may affect the final configuration of the
COSTESTIMATES ENGINEERING S| _Frocess _l product and the sales programme. The
activities indicated in the diagram are

LocamR AN _’| HANPOWERLPLANT MPLENENT. !inkeq so that any number and types of
FACILITIES LAYOUT OVERHEAD COSTS scieoune | iterations are possible. All of the elements
i ; must ultimately comprise a

= Environmental IMpact Assessment



comprehensive and workable plan. Some consideration should be given, formally or
informally, to seeking an optimal solution to technical issues. As an example, the
relationship between the plant capacity, the production program and inventory
policy can be adjusted for cost minimisation (investment and operations).

The analysis should be comprehensive. Any project can be considered as a chain of
activities, with weakness in any one link potentially resulting in adverse
consequences. With obvious exceptions, such as preliminary definition of the sales
programme as an input to the capacity decision, there is no prescribed sequence to
carry out the various elements of the analysis. However, at the end, the technical
components should perform effectively as a system and mesh well with other
aspects of the project:

Product analysis - materials standards, production methods, performance
specifications and measurements.

Production programme and schedule, plant capacity - an outgrowth of the planned
sales programme and other technical factors (see Production Programme and Plant
Capacity in Market module)

Production process engineering - design of necessary unit operations and interfaces.

Technology selection - choosing the most appropriate means of conversion of
production factors to goods and services as required, means and cost of acquisition.

Planning production process - integrating technology selection and unit operations in
the most effective manner.

Equipment selection, costs estimates - finding the best sources of machinery and
equipment and methods of procurement.

Material inputs: Decide quantities, specifications, sources and costs of all physical
inputs.

Human resources, plant organization and overhead costs: Specify qualifications of
key personnel, numbers of workers in each category, training requirements and
programmes, enterprise organizational structure and non-direct costs in each area
of operations (overheads).

Location and site: Determine the best location for the plant on the basis of well
conceived criteria, specify site requirements and identify the best site, estimate
costs of civil works and other installations.

Facilities layout: Provide a layout for the site, showing infrastructure interfaces,
costs of site preparation and civil works.

Implementation schedule: Develop a plan for the activities and events necessary to
implement the project, the implementation organization (engineering and
construction) and costs of implementation (other than costs covered elsewhere).

Environmental Impact Assessment (EIA): A study of the existing habitats of
humans, flora and fauna, the impacts of the project and mitigation measures to
meet acceptable environmental standards.




EXTENT OF TECHNICAL ANALYSIS
A decision on the extent of the technical

EXTENT OF TECHNICAL analysis must be taken early so that
ANALYSIS either terms of reference can be prepared

for technical consultants or the work can

% SUFFICIENTLY EXTENSIVE TO PROVIDE otherwise proceed in an orderly manner.
RELIABLE INFORMATION CONCERNING Breadth and depth of the investigation
PROJECT FEASIBILITY both are determinants of cost.

¢ SUFFICIENTLY DETAILED TO OBTAIN The investigation and design work should
DESIRABLE ACCURACY IN PROJECT be:

COST ESTIMATES

Sufficiently extensive to provide

reliable information concerning
project feasibility: The scope of issues to be addressed and the depth to which
they are investigated are a function of the project configuration and the risks
associated with each component. How much attention is directed toward the
product, supplies, the process, plant design, infrastructure interfaces, environmental
impacts - depend upon their complexities, how much is not known to the sponsors
and the degree of risk associated with each.

In the final analysis a product and a programme for its production are specified. A
plan for locating, siting and constructing the plant with its equipment and other
facilities is presented. The manner and timing of production is explained, including
any consequences this may have on the external environment. The costs of
implementation, operations and decommissioning are estimated. Only when
answers to all of these questions have been answered with some degree of
confidence is the technical analysis essentially completed. When this information is
integrated with other aspects of the project it may be subject to change.

Sufficiently detailed to obtain desirable accuracy in project cost estimates:
At the planning stage financial issues are of utmost concern to sponsors. What will
be the necessary investment and operating costs, when will these costs be incurred?
In the early stages, when data is derived primarily from available secondary sources
the numbers may be subject to error of 30% or so. As the project nears the decision
stage, much better accuracy is required, perhaps to the 5-10% level. More than a
+10% deviation in the actual investment or in operating costs over estimates can
have serious consequences for investors.




SCOPE OF TECHNICAL ANALYSIS

The technical analysis should cover all
ool 0] = e b\l important issues to assure a high degree
- _ — of confidence in the plan and in sufficient

PRODUCT DESIGN

» detail to reliably estimate investment and

i;ﬁgm‘ghiﬁgg_r operating costs. The important issues to

& MATERIALS AND OTHER INPUTS be addressed in the technical study are:

4 ORGANIZATION

# HUMAN RESOURCES e What should be produced, when

% FACILITIES REQUIREMENTS :

¢ INFRASTRUCTURE shou_ld it be prOdl:l)CGd and to what

+ LOCATION quality _standards. _

% PROJECT IMPLEMENTATION e What is the most appropriate

% COSTS ) | technology in terms of product
quality, reliability and operating

conditions?

e What is the cost of technology?
Is the project and its technology environmentally and socially acceptable?

e Are required materials and other inputs reliably available? How should they
be provided?

e What is the most appropriate organizational structure?

e Is the available labor pool adequate for the project; if not, is it possible to
train workers as required?

¢ What facilities are needed to implement the technology and how should they
be obtained?

e Is the existing infrastructure adequate; if not, how can it be upgraded and
what costs are involved?

e Where should the plant be located?

e How should the project be implemented and how much time is required?

e What are the costs of project implementation and operations?

CONSEQUENCES OF INADEQUATE TECHNICAL ANALYSIS

"To err is human" is a particularly apt
observation in the context of preparing an
industrial project, with all its complexities.

DNS -lil S O \DEQ
LN a ANA =

The usual failures of the human psyche
and intellect loom as imposing possibilities

APPROVAL OF ILL-GROUNDED PROJECT:
- LOSS OF INVESTED RESOURCES

APPROVING A VIABLE PROJECT WITHOUT
COMPLETE AND COMPETENT TECHNICAL
ANALYSIS:

- DELAYS IN PROJECT IMPLEMENTATION
- PROFITABILITY LOWER THAN EXPECTED

REJECTING A VIABLE PROJECT DUE TO
INADEQUATE TECHNICAL ANALYSIS:

- LOSS OF ANTICIPATED PROFITS AND
DEVELOPMENT OPPORTUNITIES

and should be conscientiously avoided by
the project analyst - misjudgment,
oversight, miscalculation, excessive
optimism, inaccuracies. Some of the
particular manifestations of these failures,
observed from long experience in the field
are the following:



Inadequate technical analysis can have consequences similar to shortcomings in
other areas of project analysis. The objective of project analysis is to accept viable
projects and to reject non-viable projects as investment possibilities. The
consequences of failing to attain this level of discretion fall into the following
categories:

Approval of an ill-grounded project resulting in loss of invested resources.

Approving a viable project without complete and competent technical analysis with
consequent delays in project implementation and lower than expected profitability.

Rejecting a viable project due to inadequate technical analysis with resulting loss of
anticipated profits and development opportunities.

The best way to avoid these pitfalls is to assure that the study is performed by a
trained and experienced analyst, preferably someone with extensive background in
the industry. An anecdote may illuminate the point: A wizened consultant was called
upon to repair a mega-plant that had ceased to function for some obscure reason,
unfathomable to the company’s technical staff. After scanning the scene, he climbed
up a ladder to the furthest reaches of the myriad of pipes that constituted the
plant’s arteries, pulled out a small hammer and tapped on a pipe, whereupon the
entire factory commenced flawless operation.

The invoice for services presented to management was as follows: (1) Tapping on
pipe - USD 5; (2) Knowing where to tap - USD 50,000.



TECHNICAL ANALYSIS AND ENGINEERING

Technical analysis: During the planning
phase the process and plant are designed
and an implementation plan prepared.
Production plans and operating costs must
be determined for the production phase. If
the facilities are to be dismantled at the
AND end of the project a decommissioning plan

ENGINEERING and related costs must be prepared.

TECHNICAL ANALYSIS

Engineering activities: Detailed The
technical study covers design features and
technical plans for all project phases.

Engineering activities during each project phase are as follows:

e Planning phase: Process and plant design, capital and operating cost
estimates

¢ Investment phase: Implementation and commissioning plan

e Operating phase: Production operations plan
Decommissioning: Plan for decommissioning the plant (if applicable) and
related cost estimates.

Engineering and technical analysis form a large portion of the effort involved in
planning and executing a project. These activities commence in the planning stage
and continue up to the point where the project is dismantled. Although for some
engineering aspects of the project it is not legally necessary to employ the services
of licensed engineers, it is prudent to do so. If site work or buildings or civil
installations are involved, the employment of licensed engineering firms is usually
mandatory. In any case, it is prudent to employ the best available engineering
talent, and to seek the services of a firm with experience in similar projects.

TECHNICAL ANALYSIS AND DESIGN
DURING THE PLANNING PHASE

Technical analysis and design during the

TECHNICAL ANALYSIS AND DESIGN planning phase covers a wide variety of
DURING PLANNING PHASE inter-dependent activities. Final decisions
RCITUICT RO AL T and design _conflgura_tlons_ for (_aach _of
these areas is determined in an iterative

manner, always with reference to other
PLANT DESIGN project features to assure compatibility.

PROCESS DESIGN

ORGANIZATION STRUCTURE ] )
Product analysis: The production of the

good or service is related to design.
Products are designed for the market,
#  PROJECT COST ESTIMATES usually independent  of  production
: S considerations. However, there is an

LA -

IMPLEMENTATION AND
DECOMMISSIONING PLANS




inevitable interplay between the design features and production processes.
Sometimes product specifications must be adjusted to production capabilities and
costs. Aluminium engine blocks for automobiles were a response to the need for
compact engines with sufficient heat transfer capacity to operate in the reduced size
of the engine compartment. The specifications of product standards in terms of
materials and tolerances are related to production process decisions.

Process design: The production process and assembly sequences are designed.
The technology is selected and means for its acquisition determined. A production
programmed based upon the process is planned.

Plant design: The plant capacity is determined in consideration of the sales and
production programmes. The plant layout is determined to deal with issues of space
requirements for production, inventory storage, materials handling and office space.
Plans for securing materials and other inputs are developed. A location is selected
and a site chosen. Machinery and equipment are selected to comply with process
requirements. Civil works and other installations are designed. An environmental
impact assessment provides information on compliance with regulations and
statutes and identifies mitigation measures required.

Organization structure: An organization structure is designed to manage
operations and to staff the production facilities and marketing and distribution
functions. Plans are included for recruiting and training personnel. Overhead costs
are estimated.

Implementation and decommissioning plans: A plan for implementing the
project - the organization, procurement of materials, machinery and equipment,
construction of all facilities, personnel recruitment, setting up the organization and
training personnel is prepared.

One type of analysis often overlooked, or at least under-estimated, is the
complexity of decommissioning. This is particularly true for projects that leave in
their wake undesirable residuals (e.g. an atomic power plant or incineration
project). Projects that create undesirable residuals can be subject to extensive
litigation costs and unforeseen cleanup costs if decommissioning is not carefully
planned from the start. In some cases the decommissioning problems may be so
complex as to render the project infeasible.

Project cost estimates: The financial analyst needs information from technical
designers: cost and timing of investment, operations and decommissioning (if
applicable).




TECHNICAL ANALYSIS, DESIGN AND SUPERVISION
DURING INVESTMENT PHASE

The detailed engineering of site, civil

TECHNICAL ANALYSIS, DESIGN AND works, machines, installations,
SUPERVISION DURING INVESTMENT infrastructure are completed after the
PHASE commitment to the project has been
ia:» DETAILED ENGINEERING DESIGNS taken. Other major tasks during the
:°C° PROCUREMENT OF MATERIALS AND investment phase include the
| EQUIPMENT FOR CONSTRUCTION & PLANT f ial d .
|+ CONSTRUCTION AND INSTALLATION procurement of materials and equipment
|  supERvIsiON for plant and installations (adherence to
[# g‘ﬂNNTSENANCEA"DQUAL'WCONTROL technical specifications demands the
| .
| ¢ RECRUITMENT AND TRAINING competency of technical personnel).
MANAGEMENT AND OPERATING PERSONNEL
|+ SUPERVISION OF PLANT COMMISSIONING Detailed engineering designs: Site

development plan, installation of civil
works (buildings, utilities, roads and other infrastructure), installation plans for
machinery and equipment

Procurement of materials and equipment for construction and plant:
Materials and machinery must be procured to build the plant and for the production
process.

Construction and installation supervision: Technical personnel are required to
manage and supervise construction of the plant and facilities and to direct the
installation of machinery and equipment for the production process.

Maintenance and quality control plans: Plans for maintenance and control of
product quality should be developed, including the procedures and monitoring
methods. Project personnel are trained in their implementation.

Recruiting and training management and operating personnel: Technical
staff are required to recruit and train management and operating personnel.

Supervise plant commissioning: Commissioning and start-up operations are
supervised by technical personnel to verify capacity, resource consumption, quality
requirements, and compliance of the process with product specifications.

TECHNICAL ACTIVITIES DURING PRODUCTION PHASE

After the plant has been commissioned

TECHNICAL ACTIVITIES and normal operations commence, the
DURING PRODUCTION PHASE technical staff has continuing
SRR T i [ o 1 KR responsibilities in regard to the production
% TRAINING MANUFACTURING PERSONNEL process.

<% PRODUCTION SUPERVISION o ]
Training manufacturing personnel:

¢ PROCESS REFINEMENT Training of production personnel is usually
+ IMPLEMENTATION OF MAINTENANCE required after ~ commencement  of
PROGRAMME operations. Production levels tend to

increase over time, requiring the
recruitment and training of additional
personnel.

< QUALITY CONTROL IMPLEMENTATION

10



Production supervision: Supervision of production is an ongoing responsibility of
technical personnel. A ‘learning curve’ is normally experienced that adversely affects
production in the early stages. As difficulties arise, engineers and technicians should
guide the correction of the problem but at the same time deeply involve the staff so
that the problem is internally comprehended.

Process refinement: As engineers and technicians become more familiar with the
characteristics of the plant it is often possible, particularly in the early stages but
continuing indefinitely, to identify modifications that would significantly improve
operating performance. The process will invariably be subject to refinements, which
are identified and facilitated through the cooperation of technical staff and workers.

Implementation of maintenance program: Periodic plant maintenance
procedures should be implemented, including training and supervision of
maintenance personnel, initially under the supervision and control of engineers.

Quality control implementation: A quality control programme is important for
minimizing production wastes and for maintaining good relations with clients. This
involves obtaining samples and performing and analyzing results of performance
tests on the samples. The quality control system is implemented with hands-on
training and supervision by engineering personnel.

TECHNICAL ACTIVITIES DURING
DECOMMISSIONING PHASE

Projects that have a finite and pre-
determined life should include a

TECHNICAL ACTIVITIES decommissioning phase that includes

DURING DECOMMISSIONING dismantling and disposal of facilities and
PHASE residual materials and site restoration, if

necessary.

% SUPERVISION OF PROJECT DISMANTLING

Supervision of project dismantling:

# ARRANGING FOR DISPOSAL OF MATERIALS The decommissioning plan is carried out

& SITECLERNLS under the supervision of technical

— — S ! personnel, and perhaps representatives of

the regulatory agencies. Facilities are

dismantled the site restored to the

required condition, which may be the original condition or as specified by the
regulatory authorities.

Arranging for disposal of materials: Residual materials are disposed in a safe
and orderly manner.

Site cleanup: Any additional residues from dismantling and materials disposal are
collected and properly discarded.

The costs of decommissioning may be significant, even on a discounted basis.
Engineering design and supervision of the decommissioning is essential as it
generally involves sophisticated analysis, planning and execution.

11



TECHNOLOGY CONCEPTS

What is technology? It has been cited as
the hallmark of human identity, the core
ability that separates humans from the
rest of the living world. It has been

defined as the ability to make tools, which
TECHNOLOGY can then be employed for undertaking
CONCEPTS tasks that could otherwise be achieved

only by much less efficient means, if at
all.

In the context of industrial project

development, technology is embedded in

the product and in the means of its
production and distribution. The problem for the project designer is to select the
technology that is most appropriate in each area, the former to attract potential
clients and the latter to provide for production and delivery to standards acceptable
to the market in terms of quality, reliability and price.

TECHNOLGY DEFINED

Technology is the embodiment of

knowledge concerning the method of
TECHNOLOGY DEFINED designing, producing or delivering a good

or service. Technology can be "owned" in

PATENTED AND UNPATENTED the form of intellectual property rights to
% APPLICATIONS OF SCIENTIFIC KNOWLEDGE knowledge. Often the knowledge is
<+ APPLICATIONS OF PRACTICAL KNOWLEDGE OR protected in the form of a patent,
" ﬁgﬂ\rﬂ?gfwo SKILLS copyright or trade mark (brand name). In

other cases the knowledge is embodied in
EMBODIED IN ARTIFACTS THAT CAN BE UTILIZED ; ;
FOR DEVELOPMENT OF A PRODUCT OR SERVICE OR productsz equipment or other items that
FOR A PRODUCTION OR DELIVERY SYSTEM | are provided to the project by the owner
of the technology.

Patents provide protection by governing authorities for a period of time to exclusive
rights of the inventor to the use or licensing of the concept. Other technology is un-
patented, either protected by the inventor by maintaining proprietary controls,
made available to selected clients or distributed freely.

The embodiment of technology derives from: applications of scientific knowledge;
applications of practical knowledge or know-how; abilities and skills that can be
utilized for development of a product or service or for a production or delivery
system.

12



TECHNOLOGY - FORMS AND COSTS

TECHNOLOGY -
FORMS AND COSTS

EMBEDDED IN:

k4 PRODUCTION METHOD

& PRODUCTION PROCESS

L MACHINERY AND EQUIPMENT
& PRODUCT

L MARKETING AND COMMERCE
COSTS

% PROPERTY RIGHTS

hd SPECIAL ADAPTATIONS

Technology can be found in several forms,
embedded in the production method or
process, in the machinery and equipment,
in the product and also at times in the
marketing and delivery system. In some
cases the product and the technology are
linked in a package that is inseparable. In
other cases it may be possible to ‘un-
bundle’ the technology so that various
components can be obtained from sources
that may be more favourable for
investors.

A technology package can be embedded in one or more of indicated components
(product, production method or process, machinery and equipment, marketing and
commerce). A license to use technology may involve only the use of intellectual
property, with implementation left to the licensee.

Owners or controllers of technology usually require payments in exchange for
access to, or use of, the intellectual property. There may also be costs for special
adaptations to accommodate to the internal and external conditions of the project.

PRODUCTION METHOD

PRODUCTION
METHOD

OPERATION FOR CONVERTING PRODUCTION
FACTORS TO GOODS OR SERVICES

Examples: Metal machining
Die-casting
Wire extrusion

A production method may consist of one
or more operations that convert
production factors (materials, labour) into
intermediate or final products. The
technology is the series of operations and
their sequence.

Examples are metal machining
(application of machine tools), die-casting
(forming moulded parts from molten
metals or other materials under pressure),
extrusion of wire. Assembly processes,
often automated, specify the sequence of

operations and the manner of using tools and machinery.

13



PRODUCTION PROCESS

PRODUCTION PROCESS

INTEGRATED SYSTEM OF UNIT
|OPERATIONS FOR CONVERTING |
|RESOURCES TO INTERMEDIATE OR|
|CONSUMER GOODS OR SERVICES

|Examples: Smelting of non-ferrous metals
Petrochemical production
Portland cement production

A technology package may consist of a
production process, an integrated system
of unit operations that convert one or
more materials into a final product,
normally through chemical and thermal
processes. The series of unit operations
may be in series or parallel, each
contributing to the modification of the
inputs toward the final product
characteristics and quality. Normally the
complex of unit operations is an
inseparable package; however, in some
cases it may be possible to acquire a

stand-alone unit operation that meets the specific requirements of the project.

Some examples of production processes are:

Production of petrochemicals,

including fuel and lubricant refining; smelting non-ferrous metals; production of

Portland cement.

PRODUCT

|EMBODIMENT OF A PHYSICAL OR

INTELLECTUAL CONCEPT IN A GOOD

|OR SERVICE.

Examples: Cellular telephone

Bicycle derailing mechanism
Automated bank teller

| service

The technology may be embodied in the
product itself, the good or service
delivered to the ultimate consumer. The
better mousetrap is an example of
product-embedded technology (in fact
there have been a proliferation of product
ideas to defend against these ubiquitous
interlopers). Some examples of
technology embedded in products are:
The cellular telephone, bicycle derailing
mechanism, automated teller service.

The rights to produce the product would

ordinarily be transferred to the licensee. Often the product and the method of
production are intimately linked so that the package consists of both the product

and the methods of manufacture.
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MACHINERY AND EQUIPMENT

MACHINERY AND
EQUIPMENT

EMBODIMENT OF A PHYSICAL O
INTELLECTUAL ~ CONCEPT  IN
PRODUCTION DEVICE OR MACHINE

Examples: Numerical milling machine
Injection moulding machine
Industrial robot
Tire moulds

R
A

The embodiment of the technology can be
in the design, applications and methods of
manufacturing the production machinery
and equipment. The rights to the design
and manufacture of protected machinery
and equipment do not ordinarily pass to
the purchaser of the machine. The buyer
has the right to use the equipment, but
not to replicate it.

Ordinarily there are no special agreements
or payments required for use of this type
of technology other than the costs of

purchase, spare parts and perhaps maintenance. In some instances the owner of
the technology may seek ways to protect intellectual property rights where the
normal mechanisms are considered inadequate. Special tooling, keys, codes and
passwords have been used in such instances.

Some examples of this type of technology are numerical milling machines, injection
moulding machines and industrial robots. Special forms of tools and dies would also
fall into this category, for example tire moulds.

MARKETING AND COMMERCE

MARKETING AND

COMMERCE

METHODS FOR ACCESSING MARKETS
AND DISTRIBUTION OF GOODS AND
SERVICES

Examples: Tele-marketing
Electronic commerce

Mass marketing of consumer goeds

Trademarks and copyrights are are
commercially protected properties. In
some cases marketing and distribution are
part of the technology package,
particularly in regard to franchising of
non-durable consumer products such as
foods and toys, and consumer services
such as messaging and package delivery
services. Increasingly with the advent of
electronic commerce proprietary rights to
systems of marketing and distribution are
becoming more common.
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TECHNOLOGY PACKAGE

TECHNOLOGY PACKAGE

KNOWLEDGE |

PATENTS ~ KNOW-HOW |

! 1
INFORMATION ENGINEERING

1 [
DESIG | STANDARDS
i

TECHNOLOGY ADAPTED FOR USER

The technology package may consist of
any combination of intellectual property
(patents, information, know-how) or the
physical devices and systems in which
they are embedded (engineering, designs,
standards).

Adaptation of the technology to the needs
of the project, in the form of special
design and engineering, may be required
for production and implementation. The
adaptation may include detailed
engineering, construction and

implementation of facilities, manufacture of machinery and equipment, commercial
negotiations, marketing and distribution systems, and even financial arrangements.

All aspects of the technology package should conform to the specific needs of the
project, which may differ from the configuration of the package as originally
developed. The need for adaptation can arise from internal or external factors. For
example, cultural patterns can require adaptations for workers and consumers.
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TECHNOLOGY CHOICE AND SELECTION

When an investment project idea arises, it
usually includes a conception of the way
that the good or service will be produced.
The conceptual construct of the project is
"hardwired” into the minds of the

TECHNOLOGY sponsors so that it gains a great deal of
CHOICE AND SELECTION psychological momentum. It is a struggle,

but one well worth the effort, to open the
mind to other possibilities. There are
many paths to Wickersham and "many
ways to skin a cat".

The choice of technology is one of the
major decisions for project planners. Under ordinary circumstances there are
available alternative methods for carrying out a production programme. The choice
should reflect careful consideration of options and optimal satisfaction of the
selection criteria.

The issue is: what means of production will meet all of the desired product
specifications and produce the necessary quantities reliably and safely at minimum
cost and with the least perturbation of the surrounding environment? A systematic
analysis of how each alternative satisfies criteria would provide the best opportunity
to make the right choice.

The choice of technology is one of the key decisions that will affect the prospects for
success in the project. Under ordinary circumstances there are a number of
methods available for carrying out a production program.

MAJOR INTERNAL FACTORS
INFLUENCING TECHNOLOGY CHOICE

The project designer is faced with the

MAJOR INTERNAL FACTORS Challenge of flndlng the best way to
SRS e e e (el ieley deitlol[ej= 1 produce what is required by the project
plan while minimizing costs and risk. The
# PRODUCT DESIGN AND QUALITY internal characteristics influence the
< PRODUCTION SCALE, PLANT CAPACITY choice.

< RAW MATERIALS PROPERTIES AND PRICE
#% CONSUMPTION OF SCARCE RESOURCES

#  LASOUR va, GARTAL COSTS Product design and quality: Product
< RELIABILITY CONSIDERATIONS P . .

% BARTLOAD PEREORIANGE spec!flcatlons are a determlnan_t_of the
& COST OF TECHNOLOGY required accuracy and precision of
4 CAPACITY TO ABSORB TECHNOLOGY production processes.

Production scale, plant capacity: The
project’s planned production programme must lie within the feasible range of scales
(minimum and maximum) for the selected technology.
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Raw materials properties and price: The quality of available materials and other
required resources must be consistent with the demands of the technology. Locally
available materials may need additional processing to reach the required
specifications. The total cost of resources, including any additional pre-processing, is
a deciding factor.

Consumption of scarce resources: Scarce resources are those for which demand
exceeds supply. If such resources are needed as inputs for the technology, there
may be interventions by regulatory authorities to ration or otherwise allocate them.
Such constraints may preclude some technologies from consideration.

Labour vs. Capital costs: The cost of labour as compared with the cost of capital
consumed, per unit output, is a determinant of technology choice. Labor-intensive
technologies have the advantage of production flexibility. Capital-intensive
technologies usually offer better control of quality.

Reliability considerations: Reliability (continuity of operations within
specifications) of the technology under the plant’s ambient operating conditions will
affect the degree to which the planned production programme is at risk. A reliable
technology will tend to minimise costs by minimising down time for repairs and the
cost of lost production and sales.

Part-load performance: The vagaries of forecasting tend to place some
importance on the effects of lower-than-expected demand on the project’'s
performance. A technology that can operate efficiently at reduced levels provides
some protection against inordinate unit costs if the sales levels are less than
anticipated.

Cost of technology: The acquisition of technology, whether developed internally or
procured from an external source, has a cost. In addition to acquisition costs are the
capital and operating cost for the technology. The total cost and reliability for each
alternative should be weighed against the acceptability to consumers of goods and
services produced by each technology alternative.

Capacity to absorb technology: The capacity of project staff to absorb the
technology has to be considered. If the technology can not be readily internalised so
that the project operates self-sufficiently then perhaps some other option should be
selected. Extended reliance on expatriate staff to manage, maintain or operate the
technology is risky and costly.
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MAJOR EXTERNAL FACTORS
INFLUENCING TECHNOLOGY CHOICE

Interactions of the technology with the

: . external environment affect technology
MAJOR EXTERNAL FACTORS choice.

INFLUENCING TECHNOLOGY CHOICE

Environmental impact and mitigation
requirements: The choice may hinge on
the impact of the technology on the

< ENVIRONMENTAL IMPACT AND MITIGATION
% SUSTAINABILITY UNDER LOCAL CONDITIONS
< INFRASTRUCTURE

o Lok RN ERDE N RELATED environment. _What measures are
SUBSECTORS necessary to mitigate the effects levels
= PRIORITIES OF AUTHORITIES acceptable according to existing

regulations and statutes, the likelihood of
future regulatory actions and maintenance
of harmonious relations with the
surrounding community should all be considered.

< ECONOMIC BENEFITS vs. COSTS

Sustainability under local climatic and environmental conditions: The ability
of technologies to continue functioning normally may be subject to differing impacts
of climatic and other environmental conditions. Some organic materials, for
example, are subject to severe weathering in hot and humid conditions. Ordinary
steel rusts and aluminium corrodes. Sustained attention of technicians under
extreme heat and cold is difficult. Many metals become brittle at low temperatures.

Infrastructure (services, skills, facilities, etc.): Advanced technologies
generally require more complex services and skills. Capital intensive technologies,
unless backup utilities are provided internally, are more affected by interruptions of
services.

Long-term trends in relevant industrial sub-sectors: Trends in industrial sub-
sectors that will affect the performance efficiency of the technology should be
considered. For example, if there is a programme for improving energy efficiency in
the country there will likely be incentives for lower consumption of power and
increases in energy costs.

The choice may hinge on the impact of the technology on the environment and what
are the measures necessary to mitigate the effects to a level acceptable to the
authorities, and also considering the likelihood of future regulatory actions. The
analysis of environmental impacts could be included as part of the assessment of
the economic costs and benefits if this is warranted by the planning authorities.

The necessary infrastructure services will differ according to the technology. Trends
in industrial sub sectors that will affect the performance efficiency of the technology
should be considered. For example, if there is a program of improving energy
efficiency in the country there will likely be incentives for lower consumption of
power and the likelihood of increases in energy costs.

Priorities of authorities: Another consideration is that "you can’t fight city hall".
The priorities of the local licensing authorities should be taken into account if this
will have any impact on the technology choice. Officials of the host country may be
interested in uplifting the technological status of the country, and will therefore
favor advanced technologies that can be absorbed. Incentives may be offered for
projects that tend to upgrade the technological level of the country. On the other
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hand, there may be opposition to low-level technology as not in keeping with
aspirations for self-sufficiency and international competitiveness. However, the
sustainability and absorption issues should be a part of the negotiations with
licensing authorities if there is opposition to a low-level technology favoured by
project sponsors.

Economic benefits vs. costs: The net value-added created for the country by
technology alternatives could be an influential factor in gaining the approbation of
authorities. Labor-intensive projects inherently tend to increase domestic value-
added. Advanced technologies for developing countries often require expenditures in
foreign exchange, which tend to diminish positive impact on the local economy.

The analysis of environmental impacts could be included as part of the assessment
of the economic costs and benefits if required by the planning authorities.

PRACTICAL GUIDELINES FOR TECHNOLOGY SELECTION

Review the process flow chart: A

PRACTICAL GUIDELINES FOR description of unit operations and their

TECHNOLOGY SELECTION material inflows and outflows helps to
clarify the nature of the technology. The

«+ REVIEW PROCESS FLOW CHARTS -
< FAVOR LESS OPERATIONAL COMPLEXITY operating  system Shquld also _be
% PRODUCT QUALITY CONSISTENT WITH MARKET considered - this will point to the skills
e e o UCR ANDBEARE RARIR necessary for operation and maintenance
< MAJOR SUPPLIERS AND RELATED EXPERIENCE and any problems associated with the
< IDENTITY AND QUALIFICATIONS OF TECHNICAL absorption and SUStainability iSSlJeS. FlOW
PERSONNEL . . .
< DESIGN OR PERFORMANCE SPECIFICATIONS?? charts also help to identify environmental
< MINIMIZE NET COSTS OF ACQUISITION AND USE impacts of process wastes and effluents.
< CONSIDER BENEFITS AND COST OF OBSOLESCENT
TECHNOLOGY

Favor less maintenance and
operational complexity: In most emerging economies it is prudent to select for
less complexity in operation and maintenance, so long as quality requirements are
not compromised.

Select for product quality consistent with market requirements: Product
quality is very much a function of technology. A bushing (small pressure plate) for a
pump shaft can be inexpensively stamped in a punch press or produced in a
sintering mould and heat treated to precise specifications. A hydraulic pump can be
used to aerate a fish tank or to activate flaps on a jet aircraft. The quality
requirements for the pump in each instance are markedly different.

Consider long-term service and spare parts availability: A major issue is the
long-term availability of spares. If the technology is late in its life cycle suppliers
may well cease production of spares once it is no longer in their product lines.

A description of unit operations and material flows helps to clarify the nature of the
technology. The operating system should also be considered - this will point to the
skills necessary for operation and maintenance and any problems associated with
the absorption and sustainability issues. In most emerging economies it is prudent
to select for less complexity in operation and maintenance, so long as quality
requirements are not compromised.
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Information concerning major suppliers and related experience should be
obtained: The reputation of the technology supplier can shed some light on how
well the project will be supported when problems arise. It is virtually impossible to
specify every last detail in a contract, so that the good intentions of the supplier are
important. This can best be gauged by the attitudes of former clients.

Identity and qualifications of technical personnel: The supplier’s personnel
that will support the technology transfer and absorption (delivery, installation,
commissioning of plant and training) should be identified, including their
qualifications and prior experience in this field. Inexperienced engineers and
technicians often commit errors that are costly and time-consuming.

Design or performance specifications?: Should the technology be specified in
terms of design or performance specifications? If the former is selected, then the
supplier’s responsibility for performance may be limited. Acceptance test criteria
should be specified (not merely inspection at point of delivery). Regardless of the
design specifications, a demonstration of performance under actual operating
conditions should be a condition of final acceptance of the technology.

Consider benefits and costs of obsolescent technology: Obsolescent
technology can usually be acquired at relatively low cost and with operational
benefits (low production cost, lower skills requirements, cheaper products).
However there are caveats - lack of spare parts, high maintenance costs, higher per
unit manufacturing costs.

ANNUALIZED COST AS BASIS FOR TECHNOLOGY SELECTION

The cost of the alternative technologies
can best be compared on the basis of
Equivalent Annualized Cost. The
technological lives of the alternatives
usually differ; there are differences in the

ANNUALIZED COST AS BASIS FOR

TECHNOLOGY SELECTION

S AMOUNTANDTIMINGOF: pattern of  acquisition, investment,
TECHNOLOGY ACQUISITION AND ABSORPTION operating and decommissioning costs, and
ot the value of salvage. These cost patterns
INVESTMENT COSTS FOR PLANT AND EQUIPMENT are best Compared by us'ng an approach

- OPERATING COSTS in which the pattern of costs during each

+ TECHNOLIGICAL LIFE OF EQUIPMENT period of the project's planning horizon

are compared on a normalized basis using
time value principles.

The Equivalent Annualised Cost (EAC) can be the basis for comparison of the cost of
technology alternatives. This method reduces the cost of investment and operations
over the technological life of each of the alternatives to an "average" value per year,
essentially a common denominator of cost. The "average" value is determined by
considering the pattern of cash outflows over the technological life, then reducing
these flows to present value, and finally determining an annual cost equivalent.

The reason for using this process is that the technological lives of the alternatives
usually differ; there are differences in the pattern of acquisition, investment,
operating and decommissioning costs, and the value of salvage. These cost patterns
are best compared by using an approach in which the pattern of costs during each
period of the project’s planning horizon are compared on a normalized basis using
time value principles.

21



EQUIVALENT ANNUAL COST (EAC)

The Equivalent Annual Cost takes into

account the technological life of the
equipment and the variations in financial
(EAC) .

_ flows for each alternative. The

.- . ) technological life is defined as the period

EAC :Z(A; df,')c’ffﬂ,f during which the equipment and systems

J=i can continue to function effectively so that

repairs and maintenance do not materially

affect profitability. The approach is to find

the net present value of the costs for each

n = Estimated technological life of equipment alternative by discounting the cost Aj for

[ 7O COMPARE INVESTMENT ALTERNATIVES WITH DIFFERING | each period j and summing, where each

1 ECONOMIC LIWES. INVESTMENTS AND OPERATING COSTS PR age

Aj is the net of cash outflows (positive)

and inflows, e.g salvage value (negative). The outflow for each period is the sum of

capital (acquisition, investment and decommissioning) and operating costs. As the

calculation is performed on a cash basis the flows do not include depreciation.

However, if taxation is to be taken into account depreciation would have an effect

on cash flow, and consequently the EAC. The formulation shown in the subsequent
slide does account for the after-tax effects.

| EAC Annual equivalent cost
| & Flow in period j
| df; Discount factor, period |
| crf,,  Capital recovery factor,
k periods, i interest per period

The Capital Recovery Factor (CRF) for the technological life n and the discount rate i
is determined and multiplied by the net present value of costs. The CRF is a value
(<1) that spreads the present value in equal instalments over the technological life
span (the point at which the technology is physically spent, essentially to the level
of scrap. A detailed explanation of the CRF is provided in a section of the Financial
Module.

It is best to do the comparison for the technological life of each alternative, which
may differ, rather than to include major replacement.

PROJECT LIFE AS A PARAMETER - INCLUDING TAX EFFECTS

The formula shown is intended to

PROJECT LIFE AS A PARAMETER determine Equivalent Annual Cost (EAC)
INCLUDING TAX EFFECTS

for technology alternatives using the

t.w.fc.;-,___:[.:vh,-Iiy_[y..-;u--.--p-mJ]a-;-J-s(_‘.ufr'k.l] project life as a parameter. In this
S formulation the EAC can be determined
ol g g for a project life starting from a small
SO number of years, say 2 or 3, and
R increasing to a selected maximum. When
:: :*::F'N the EAC is plotted on a graph as a
S o i function of project life it will ordinarily
K P U yeus J decrease as the project life increases.

i A When the EAC’s for each alternative are

plotted on the same graph there will

generally be cross over points, where the capital-intensive technologies have high

costs for low project lives and relatively low costs for longer project lives. Labour-

intensive projects will have relatively low EAC’s for short projects but will decrease
more slowly as project life increases.
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The scrap or salvage value is shown as an inflow in year k+1, the year after the
technology ceases operation. If the actual liquidation of the assets is assumed in the
year k, the formula should be changed accordingly.

This formulation has another feature absent in the former. The operating costs (OC)
and depreciation (D) are adjusted for taxation (T). Operating costs are multiplied by
(1-T) to account for their after-tax effect (assuming marginal rates are constant) -
the actual after-tax cost will be lower than the outlay. Depreciation is multiplied by
T - this is not a real cash outflow, but does have an effect on cash flow in the form
of reduced taxes.

Another application of this formulation is to compare project alternatives with
differing technological lives (previously defined). In this case the EAC would be
determined for each alternative based upon their respective technological lives. The
investment is assumed to occur in year 0 (C0). If investments are required for spare
parts or other minor replacements in other years their values should be included in
OCj and properly discounted.

A detailed explanation of the Capital Recovery Factor can be found in the Financial
Analysis Module.

The cost of alternative technologies can be compared using the technological life (or
project life) as a parameter. A capital intensive technology will generally show high
costs for short life spans but will decrease more rapidly than technologies that are
more labor intensive. There is usually a cross over point that can be helpful in
determining which technology is the more financially advantageous. For a particular
investor such a comparison can be applied to determine which best meets the
criterion of lowest annualized cost over the specific time horizon.

CAPITAL RECOVERY FACTOR

The Capital Recovery Factor (CRF), or

Amortization Factor, is a constant that

CAPITAL RECOVERY FACTOR defines the amount to be received in each
TION FA period to cover the capital invested and its

rental cost. The amount in each period

. 1 o\ fi consists of a portion of the capital and the
i(1+1)

Cff T current rental cost based upon the
L (1+f)k—1 outstanding balance of un-recovered
capital. In the Equivalent Annual Cost
- i Dlscountiaia application, the CRF acts more like an
| k Number of project years amortization of the total capital and
operating costs for each technology

alternative.

The CRF essentially spreads the present value of capital and operating costs, as
determined in the previous EAC formulas for each alternative technology, in equal
amounts per period over the project life. In this way the Equivalent Annual Cost for
each alternative can be compared, even though the technology alternatives have
differing useful lives.
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COMPARISON OF PROJECTS
WITH PROJECT LIFE AS PARAMETER

Alternative technologies selected for
'COMPARISON OF PROJECTS projects will ordinarily have differing
patterns of EAC as a function of project
life. When comparing two alternatives
there is usually a cross over point that can

WITH PROJECT LIFE AS PARAMETER

weE | be helpful in determining  which
\\ N TECHROLOGY B technology IS the more flnanCia"y

Pl (Labos Intensive)

e e advantageous, depending upon the

planning horizon for the investor. For a

= particular investor such a comparison can

» be applied to determine which best meets

wepears.) the criterion of lowest annualised cost

over the specific time horizon selected for

the project. This may be a function of the anticipated life cycle for the product
rather than technological obsolescence of the plant.

CROSS OVER

In the example shown, Technology A (capital intensive) has a relatively high EAC for
short projects, but the EAC is lower than that of Technology B (labour intensive)
when the project life is relatively long.

The relationship of Equivalent Annualized Cost using life as a parameter is shown.
The capital intensive technology shows high annualized cost for a short lifetime but
decreases relatively sharply. For the less capital intensive technology the cost for
short lifetime is lower but decreases much more slowly with increasing project life.
There is some life at which a cross over occurs. The planning horizon of the
particular investor can be used to select which technology is more favorable based
upon the cost criterion alone. Other criteria should also be included in the final
determination of the most appropriate technology.
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PRODUCT ANALYSIS

Why  product analysis? Performance

specifications, materials and components

PRODUCT ANALYSIS sele_ction, _ m(_ethods of manufacture_ and

S - : testing criteria - all have to be defined.

Decisions on the product’s characteristics

STANDARDS FOR MATERIALS and affect the supplies program and design of
RROCESSES the production system.

<

TECHNICAL INPUTS FOR MAKE-OR-BUY
DECISIONS

3

Determine standards for materials
MOST EFFECTIVE WAY TO PRODUCE and processes: Materials standards are
essential for assuring product quality and
performance under the conditions
specified in the marketing programme.
There is usually a choice of materials for achieving desired product characteristics.
Even within a class of materials there are often alternatives, each of which may be
adequate but for which there is a best choice when price and material properties are
considered jointly.

)

% INFORMATION FOR SUPPLIES PROGRAMME

Provide technical inputs for make-or-buy decisions: Each of the processed
materials, components and subsystems that are integrated to comprise the product
can, at least theoretically, be produced by the project or procured externally.
Product analysis, in conjunction with consideration of the internal capabilities of the
project vs. those of potential suppliers, will assist in determining whether to produce
or purchase. The project may retain responsibility for assembling the product but
subcontract for components and subsystems.

Determine most effective way to produce: For those production functions within
the project, product analysis will provide information concerning the most effective
and efficient way to perform the various stages of production and unit operations.
For example, the plant layout will be affected by the product assembly sequence.

Provide information for supplies programme: Materials and component
specifications, together with planned production quantities and the make-or-buy
decisions emerging from analysis of the product, provide the necessary information
for specifying the supplies programme and related costs.
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PRODUCT ANALYSIS SEQUENCE

Product analysis is performed in a

S R e Sequence of steps:

1. ANALYSE PRODUCT DESIGN : |  Analyse product design: The product
- Consider alternatives desi . | d i d ial
- Review technological feasibility esign I1s analyse In regar to materia

properties, assembly sequences, process

RO aRE SALE PROICL implications, etc. Alternative designs are

- Define required subassemblies, industrial

semi-products and raw materials compared in regard to material and
- Decide " To Buy” or * To Make production characteristics. The technical

3. DEFINE PROPERTIES OF PRODUCTS, BY- feasibility of alternative designs is
PRODUCTS AND WASTE USING assessed_

RELATED INDUSTRIAL STANDARDS |

Disaggregate product: The most
promising product designs are disaggregated into subassemblies, components,
semi-products and raw materials. This analysis leads to information concerning the
costs for materials and production processes and their feasibility. When a design is
selected, whether to make or buy the various component parts can be decided.

Define properties of products, by-products and waste using related
industrial standards: If possible, it is prudent to use local or international product
and material and industrial standards when defining the properties of product
components, by-products, wastes and effluents. These standards are used in
production, in procurement and in plans for disposal of effluents and other waste
materials.

ROLE AND IMPORTANCE OF INDUSTRIAL STANDARDS

Standards: "The rules of technology and
engineering": In negotiating contracts or

ROLE AND IMPORTANCE OF INDUSTRIAL STANDARDS

':;»;?::ERR?%;'THE RULES OF TECHNOLOGY AND other agreements for the supply of
materials, components or subsystems, it

= Branch or company standards ) A B
» National standards is extremely important for the project
* Intemational standards designers to adhere as closely as possible

ADVANTAGES OF STANDARIZATION : to materials and industrial standards. This
:x:zzz:f]gz:'?ﬁ“;?qﬁ‘ww'd market approach reduces the risk of product or
« |s a source for ready-made solutions to technical process deficiencies and weaknesses.
problems

D’SAN?V“LT?GE; . o . Standards apply to materials and to the
» May obstruct the advancement of recen -
tachiical ‘Solubibhe design of parts and systems. For the

design and construction of civil works,
such as roads and bridges, most countries or development authorities publish
standards with which engineers must comply. Standards are established and
maintained by government bureaus, international bodies and technical societies, or
may be promulgated by an enterprise or one of its branches. The national and
international bodies may be affiliated with testing laboratories. Often the standards
of these societies are adopted by reference by the government standards bureaus.
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Advantages of standardization: Insisting upon compliance with national and
international standards for materials and processes assures and defines quality and
compatibility with market requirements. It provides ready-made solutions to
technical problems - why reinvent the wheel when a good solution has already been
discovered? Particularly for export products, adherence to international standards is
virtually mandatory, as products otherwise would often not be accepted in the
target market. In some cases the standards are so well defined that little flexibility
exists in the product design.

Disadvantages: One disadvantage to adherence to standards is the possible
obstruction of advancements of recent technical solutions that have not yet been
recognized by the established institutions. Standards often do not keep up with the
technology. Some developing countries have discovered methods of utilizing waste
materials in unique ways, for example in the construction industry where
agricultural wastes become the binding fibers for building blocks. When modular
designs were first developed they were unacceptable in many applications because
the standards had not kept pace with developments. For many years the use of PVC
piping for water and wastewater distribution was not accepted in some localities
because the building standards had not been adjusted to the new technology.

STANDARD UNITS

As an example of the need to adhere to

STANDARD UNITS standards, the differences in standard
units for weight and volume are shown.
Systeme The weight unit, ton, for example, can
lnter?glt)icnal American British mean different things depending on the
Weight ton | 1000 | sor2(1) | 1o10s(z) | SYStEM employed.  In . t_he Sisteme
kg International (SI) the unit is the metric
Volume 1 liter Gallon imperial ton (one thousand kg). The American ton
=37854 liter |  gallon is 907.2 kg (short ton) while the British

—4843liter | ton is 1016.05 kg (long ton).

(1) “Shert” ton
{21 iLeng Blon The volume in the SI is the litre. In the
American system a gallon contains 3.7854
litres. The British imperial gallon contains 4.543 litres.

In the United States of America design standards for pressure vessels usually refer
to the ASME standards (American Society of Mechanical Engineers). Materials
standards usually cite the ASTM standards (American Society of Testing Materials).
Product standards often refer to the UL (Underwriter’s Laboratory).

Similar organizations develop standards in other parts of the world.
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PRODUCT DESIGN AND PERFORMANCE SPECIFICATIONS

PRODUCT DESIGN AND PERFORMANCE
SPECIFICATIONS

DESIGN

MATERIALS
OPERATING ENVIRONMENT
CONFIGURATIONS
ASSEMBLY PROCEDURES
SERVICE REQUIREMENTS
INPUT REQUIREMENTS

PERFORMANCE
OUTPUT QUANTITY AND QUALITY

Specifications for the design of the
product and its performance should be
defined.

Design: Specifications should include the
type of materials (product configuration
(shape, size, volume), operating
environment (e.g temperature, pressure,
humidity), assembly procedures  (if
applicable), service requirements
(procedures and material requirements)
and inputs (electrical, fuel, water, other
materials).

An example of a design specification for a refrigerator could be: %2 horsepower
compressor, 300 liters capacity, no frost process.

Performance: How the product is used and what it does should be specified. The
performance should be specified quantitatively, if possible. Machines and other
mechanical and electronic devices are more amenable to quantitative performance
specification, but the output of other products can also be specified in this way, e.g.
a gallon of paint will cover 100 square meters of surface.

An example of performance specification for an automobile would be: acceleration O
to 100 km per hr in 10 seconds; fuel efficiency 80 km per liter.

PRODUCT VALUE ANALYSIS

ODUCT VALUE ANALYSIS
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A relatively small proportion of the parts
of which a product is comprised can
account for much of the value. This
analysis can be used in the process of
reducing production costs to a minimum
by concentrating on those parts or
components.

In the example, 10% of the parts account
for 70% of value. In the medium price
category 20% of the parts represent 25%
of value. The low price parts comprise
70% of the total number but only 5% of

value. Efforts to minimize product cost should logically concentrate on the few parts
that account for a major part of value.
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PRODUCTION PROCESS AND METHODS

What is the scope of production process

] ! is? i
et L e ey 2nalysis? In a turnkey project the process
engineering is the responsibility of the

technology provider. Otherwise process

% SEQUENCE OF OPERATIONS design and engineering would be
& TYPE and NUMBER OF MACHINES undertaken by the sponsor’s engineers.
REQUIRED This information is necessary for the plant

design and for determining investment

4 MATERIAL HANDLING METHODS AND and operating costs:

EQUIPMENT

4 MATERIAL AND ENERGY FLOWS Sequence of process operations: The
production process has to be defined. This
consists of the sequence of manufacturing

operations. The unit operations and their sequence and the type of processing

(batch, continuous, semi-continuous, etc.) must be determined. Process diagrams

are very useful for this purpose.

Type and number of machines required: After designing the process, the type
and number of machines and equipment necessary to carry out each unit operation
can be selected.

Material handling methods and equipment: The process design indicates the
quantities and types of materials that must be moved between operations. A
process flow chart is very useful for this purpose as it indicates the types and
quantities of materials that flow between operations. The material specifications also
indicate any special requirements, such as conveyors or special vessels for handling
heated or hazardous materials.

Material and energy flows: The process analysis is the source of information on
material and energy flows. Combined with the process diagram, other diagrams
showing the quantities and types of material and energy flowing within and without
the plant can be generated (see the section on Material and Energy balance). This
information is necessary for developing the supplies programme and also for dealing
with issues of waste and effluent disposal.
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PROCESS DIAGRAM -
HIGH DENSITY POLYETHYLENE PRODUCTION

_ PROCESS DIAGRAM A process diagram indicates the sequence
HIGH DENSITY POLYETHYLENE PRODUCTION of operations for a continuous or semi
rREPARATION 7L AT ecenzaTion continuous process. It helps to visualize

CATALYST-COMPOUNDS

DIL‘ENI

the relationships between unit operations.

DECANTLR
CENTIFLIGE

An example is shown for the manufacture

of  polyethylene granules. Catalyst

= compounds and diluent are combined in a

mixer with ethylene and co-monomers.

These are passed through a reactor. From

g a receiver the polymer is sent to a

decanting centrifuge, where the diluent is

separated and recycled. The decanted

polymer is then dried in a nitrogen environment and sent to a powder receiver,

where granulation and homogenisation take place. Stabilizers are injected into the
stream before depositing the granules in a silo.

RECEVER

CATALYST

ETHYLENE +
COMONOMERS

[
| DILUENT RECYCLE

This information forms the basis for analysis and would be developed further into
more detailed operations process charts and material and energy flow diagrams.
These, in turn, would be used for more detailed analysis of unit operations:
machinery and equipment needs, material inputs, wastes and effluent flows.

ELEMENTS OF A PRODUCTION PROCESS

A production process generally consists of
the elements shown.

<+ OPERATION, TRANSPORT, INSPECTIONS,

DELAYS AND STORAGE Operations: Transformation of materials
to another form or composition. The
© Operation aggregation of all operations comprises
= Transportation the sequence necessary to convert all
N Storage material inputs to the final product. This
B Delay relates to machine and tool loading and
5 Inspection manpower requirements
PROCESS FLOW CHART IS GRAPHIC ILLUSTRATION OF
| OPERATIONS SEQUENCE

Transport: Movements of materials and
personnel from one location to another.
This information provides materials handling data - the equipment and facilities
necessary to transport materials and personnel through the plant as necessary.

Storage: Placement of materials, integrated components or finished products into a
holding area or facility. Warehousing and temporary storage areas and
characteristics are indicated.

Delay: A temporary interruption of processing, either as part of the process (e.g.
curing) or to accommodate imbalances in the capacities of sequential production
stages. If the delay is a function of imbalances in unit operations processes, this
information can be employed to the improvement of the process.
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Inspection: Sampling and quality control procedures. This information relates to
measurement techniques and devices and to inspection personnel.

These symbols are used to construct a process flow chart showing the relationships
between various plant operations.

PROCESS FLOW CHART

PROCESS FLOW CHART Charts and graphs are helpful for the

analyst in understanding the nature of all

E BODY . .
sneststesl " g SN Meeul TV spectacs processes and functions that comprise the
2 o physical plant.
f..\ 5 ‘ Punchhole [ 1 ) Blank
Purchass nut no, 1222 —_:1_ MI‘ N . -
; (76 ) Solder nutfo hole( 2 ) Farm A production process flow chart indicates
/75 Wind spring ot N -
wire 7 ) = S the sequence of manufacturing and
(Tg Assemblevalve (37} Rivel edges ;
(8 Janaspring e ((3) Rivetedg assembly operations and how they are

WVahe no. A0

(0) Assantis body interrelated. Inputs to the process, such

i (o as pre-fabricated and purchased parts,

| 2 |[Testwalveacion  gre  glso indicated. In the flow chart

| ] —1‘ Tosteckreom | SNOWN, symbols for operations,

' inspections and storage are shown, in

accordance with the standard charting symbols described elsewhere in this section.

Two parts (base and body) are fabricated and assembled into a valve subassembly.

This part would be integrated with other components in a subsequent process to
complete the final product.

Charts of this type should be prepared for all major functions, including
administrative operations, within the enterprise. This will be very useful in
establishing the space requirements and flow of material and other relationships
that are a necessary step in the design of the plant. Process diagrams and
operations process charts form the basis for more detailed information on material
and energy flows that indicate all material substances that enter or leave the
process, including gaseous, liquid and solid wastes and by-products (see the section
Materials and Energy Balance). This information is important for estimating material
costs and can also be used in the environmental impact assessment.

The time for each operation (although not shown in the illustration) is also included
in the diagram. For example, a time of 0.020 would require 72 seconds (0.020 hrs *
3600 sec/hr) or 1.2 minutes to complete the operation. This information is used to
balance capacities at each production stage.
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PROCESS SENSITIVITY ANALYSIS

Process engineering takes into account
_ : the production process per se and those
PROCESS SENSITIVITY ANALYSIS project elements with which it s
intimately related: the product, the
technology and the selection of machinery
and equipment. To better comprehend the
possible range of operating conditions and
their implications for investment and
operating costs the sensitivity of the
process should be examined with regard
to:

RANGE OF IMPACTS OF:
< CONTINUOUS PART LOAD OPERATION
< VARIATION IN QUALITY OF INPUTS
» POWER INTERRUPTIONS
» CLIMATE ABNORMALITIES
» PERFORMANCE DROP - AGING OF
EQUIPMENT

B

E>3

o

Continuous part load operation: Part
load operation can affect technological coefficients such as specific fuel consumption
and emissions characteristics.

Variation in quality of inputs: The possibility of uneven quality of inputs, the
range of qualities to be expected and their implications on yield and waste factors
should be examined.

Power interruptions: Interruptions can have serious implications for batch
processes, for example. Analysis of the reliability of the public power source should
be undertaken to understand probable percentage of down time and it cost
implications. It may be advantageous for the project to be self-sufficient in power
generation or to provides some degree of stand-by capacity.

Climate abnormalities: Sensitivity of the process to climate changes should be
considered in conjunction with a statistical study of climate variations at the site.
The statistical variation should be commensurate with the life expectancy of the
project. For example, if the project is expected to continue for 25 years, climatic
phenomena that are likely to occur in that time span should be included in the
sensitivity analysis.

Performance drop - aging of equipment: Aging of equipment usually has an
impact on performance and is a factor in the cost of repair and maintenance. The
efficiency of heat exchangers such as condensers and evaporators decrease as
transfer surfaces deteriorate with use.
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PRODUCTION METHODS

A product can be produced by a series of
operations on parts or subassemblies and
PRODUCTION METHODS then integrated into the final product.

An example is shown for the manufacture

PRODUCTION OF A METAL CLAMP of a metal clamp used to hold two pieces
of material together. The sequence is as
MELT AND MILL 2 CLAMP DRILL AND
CAST JAWS JAWS TAP follows:
THREADS
CUT AND
i ok - Steel for two jaws is melted and then
formed into rough jaws in a sand mould.

The jaws are further processed by
finishing in a milling machine (to bring the
shape to final specifications). The jaws are then drilled and tapped as needed to
accommodate the screws.

Round steel stock is machined in a lathe to produce two threaded screws.

The clamp is then assembled (two screws are threaded into the jaws) into the final
product.
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PLANT DESIGN

PLANT DESIGN

During the planning stages (before the
investment is committed) it is necessary
to have some ideas about the plant design
in order to firm up the cost estimates for
the project. Estimates of the amount of
land, the type and size of buildings and
other installations are necessary to
complete the estimates of project cost and
to plan for implementation.

Design of the plant is dependent upon the
space and facilities required to carry out
all necessary production and

administrative functions. This requires an understanding of all internal processes
and functions - their organization, sequence, interrelations and interfaces with the

external environment.

PRELIMINARY FACILITIES LAYOUT

PRELIMINARY FACILITIES
LAYOUT

% ALLOCATION FOR MAIN EQUIPMENT AND
BUILDINGS, LOADING DOCKS

4% PLAN FOR ROADS, RAIL LINES, CONVEYORS,
UTILITY LINES

% STORAGE AREAS FOR RAW MATERIAL,

SEMI PRODUCTS AND PRODUCTS

OFFICE AND SERVICE BUILDING AREAS

AREAS PROVIDED FOR FUTURE EXPANSION

% SECURITY FACILITIES

L

A preliminary facilities layout consists of
drawings or sketches of the site showing
the footprint and location of buildings and
other installations, roads, loading and
storage areas, etc. Every significant
facility that is to be located on the site
should be indicated. Further layouts
should be prepared for individual
buildings, to assure that there is sufficient
floor space and that the facilities are
properly situated with respect to one
another. Only in this way can it be
ascertained that the site is adequate for

the project and that the building configurations will house all the necessary facilities
(production, administration, marketing, sales and distribution, etc.).

Allocation for main equipment and buildings, loading docks: Production

buildings, shipping and receiving

Plan for roads, rail lines, conveyors, utility lines.

Storage areas for raw material, semi products and products: Buildings,

storage pits and cribs, silos, tanks

Office and service building areas: Administrative, marketing and distribution,

personnel facilities

Areas provided for future expansion

Security facilities: Fences, gates, outdoor lighting
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FLOW OF MATERIALS RELATIONSHIPS

The flow of personnel and materials in the

FLOW OF MATERIALS RELATIONSHIPS plant will affect the design. Operations

that are strongly related by virtue of large

\\\ =] RAW ) .
o =l Bivall el ive il Rie i inter-department material and personnel
““2“._ 150 1 : o flows should be located in proximity to
o e |z : one another.
mRES‘._‘.-' E 0
TURNING 150
[ a
MILLING _ | 2600
[ A
I:LEME_’I?_.]

Adapted from Maynand, H8., Induserial Engineering Handbook, McCraw HEl

Absolutely

Especially

Important

Unimportant

Undesirable

|
|
|
‘ Ordinary
|
|

The relationships between various plant operations are better understood using a
chart of the type shown. Relationships are rated according to a system as shown in
the table below. Symbols are used to indicate the type of activity (operation,
storage, etc.)

This type of analysis during the planning stage helps to clarify the building and
facilities sizes and characteristics, and consequently helps to determine the capital
investment.

OTHER THAN FLOW RELATIONSHIPS

In addition to the flow relationships that
OTHER THAN FLOW are determinants for the plant layout,
RELATIONSHIPS there are other factors that enter into the

design decisions. The ratings for the

. RECEMNG . relationships between departments can be

W RAW STORES ;(\u‘\ examined systematically using the type of

W\, ‘:"g":_:_\ chart shown. The box (diamond shape) at

) wane "j;;f;‘f;;k’ the intersection of any two departments

S e has two codes, one for the priority of the

— relationship (see previous table) and the
T O R o PRioRY reason code (see below).

RATING
Aapted from haynard, H 8. industnal Enginesning Handboak, MeGraw Hill
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Movement of personnel

Degree of communications or paperwork contact

Use of same equipment or facilities

Use of common records

Sharing of same personnel

Specific management desires or personal convenience
Supervision or control

Noise, dust, dirt, fumes, hazards

Distractions or interruptions

Multiple reasons for a priority rating should be indicated, as shown in two of the
cells (2,5).

The space relationships in the site and within the facilities located on the site are
based on the flow of materials and other relationships between functions or
departments. The flow relationships and other-than-flow relationships can be
combined to provide an overall rating using a system of weighting at the discretion
of the designer. Each factor could be given equal weight or any other combination of
percentages. For example, flow could be assigned 50% and each of 10 other
reasons 5% (total 100%b).

When the strength of these relationships has been determined, the space
requirements and physical layout of the site and plant can be defined. An example
of such a system is shown in the following table:

OTHER RELATIONSHIPS
A|lE|] 1T |]O]|]U/| X
A|lA|A|A|E|E| I
FLOW E| A |A-| E|E-| I I-
RELATIONSHIPS A~ TEIEl T -l o
O|E |E| 1 |1- U
U|E-| 1 |I-|]O| U

Maynard, H.B., Industrial Engineering Handbook, McGraw Hill

PLANT LAYOUT

All activities areas and features should be

systematically described. Then space
PLANT LAYOUT allocations should be attempted for each

FOR EACH DEPARTMENT DETERMINE AMOUNT OF department or type of area:

SPACE REQUIRED FOR:

%  EACH PIECE OF MACHINERY AND EQUIPMENT e FEach piece of machinery and
%  AREAS FOR WORKERS equipment

L MAINTENANCE SERVICE ° Al’eas fOl’ WOl’kel’S

%  MATERIAL SET-DOWN (INPUT AND OUTPUT) e Maintenance service

%  ACCESS TOAISLES ) .

L AISLES AND GENERAL SUPPORT AREAS ® Materlal Set—dOWn (InpUt and
%  ANCILLARY FACILITIES output)

e Access to aisles
e Aisles and general support areas
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e Ancillary facilities: materials handling; storage areas for materials and
supplies; offices for supervisors; personnel facilities; utilities areas;
maintenance facilities.

The plant layout can be visualized with drawings and diagrams, templates and
layout boards or three dimensional models for complex facilities. For the overall
plant complex, a three-dimensional scale model of the site and all facilities is an
excellent way of visualizing the physical interfaces between functions.

In the early stages the cost of plant construction can be estimated on basis of
construction indices. However, in the latter stages estimates should be obtained
from reputable contractors or consultants based upon fairly accurate sketches and
descriptions of plant facilities.

LAYOUT PLANNING

- Layout planning should be applied to all

LAYOUT PLANNING facilities and to the site in which they will

oot ealiontaty be located. Basically the analysis involves
(A BJa\ three steps.

c—®

DEFINE SPACE NEEDS Establish relationships: The

A \ relationships between various activities

SRl \:B i should be established. This is a function of

{_\ > ’—‘ flow of materials and other relationships

B ; : .

e —— previously described. In preparing a

-H_f\ ( ¢ ‘\J L preliminary layout the strength of the

b 4 relationship can be indicated by the

Adaplid fom Maynard, 4 B, Ingustrial Engriening Handbaok, MoGraw AT

number of lines between the symbols for
each pair of activities.

Define space needs: Space necessary to accommodate all of the necessary
components within each function are determined.

Adjust areas: Space needs and relationships are adjusted for the specific site or
building characteristics.

BUILDINGS

Once space requirements for all
production and administrative functions

have been determined, they can be
BU".D'NGS incorporated into the design requirements

for buildings.

* SPACE REQUIREMENTS

* CONSTRUCTION SPECIFICATIONS
#+ CONSTRUCTION SCHEDULING

%+ COST OF CONSTRUCTION

Space requirements: For each of the
enterprise functions (administration,
production, stores, packing, shipping and
receiving, research, any staff facilities
(housing, recreation) the space
requirements can be translated into

+
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building specifications (size, layout, interiors, air-conditioning).

Construction specifications: The various options for building construction (e.g.
masonry, wood frame, pre-fabricated, foundations) should be examined in regard to
investment and maintenance costs.

Construction scheduling: Scheduling of construction will be significantly affected
the the construction specifications. For example, construction time for a masonry
building will be greater that for a pre-fabricated metal building. This subject is
covered more extensively in "Implementation”.

Cost of construction: Construction contracts can vary from ‘turnkey’ to individual
subcontracting. The choice depends upon the interests and capabilities of project
sponsors. The type of construction contracts awarded, in addition to building
specifications, will have an impact on construction costs. Construction usually
represents a significant part of the overall investment costs. Overruns are often the
result of a poorly executed construction programme.

BASIS FOR COST ESTIMATION

SIS , _ The plant layout is the basis for estimating
BASIS FOR COST ESTIMATION the cost of the site development and plant

FACILITIES LAYOUT IS BASIS FOR ESTIMATING facilities. Once the plant layout is
COSTS OF: determined, costs can be estimated for:

< LAND AND SITE PREPARATION

4+ CIVIL ENGINEERING WORKS Land and site preparation

- BUILDINGS
= UTILITY INSTALLATIONS

- ROADS Civil engineering works

= RAILROAD SIDINGS

- LOADING AND UNLOADING FACILITIES
e Buildings

+ OPERATING COSTS FOR IN-PLANT TRANSPORT L .

AND COMMUNICATIONS o Utility installations
e Roads
e Railroad sidings

e Loading and unloading facilities

Operating costs for in-plant transport (materials handling) and
communications.

In the early stages estimates can be based upon standard cost factors, e.g.: cost
per cubic meter of earth movement for site preparation; average price per square
meter for the type of building construction; standard road construction cost per
meter (based upon quality of road construction). For the feasibility study actual
tender offers will provide more accurate estimates.

The information pertaining to site requirements and building areas can be used to
develop cost estimates of the site, civil works, plant and ancillary facilities that will
be located on the site. This analysis can also provide information concerning the
materials handling and intra-plant communications costs.
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MATERIALS AND ENERGY BALANCE

"Balance" is an important word for project
analysts and designers. It should be
applied in virtually every area of project
MATERIALS AND ENERGY design. All aspects of the project should
BALANCE be properly proportioned so that wasted
resources are kept to a minimum.

** UNIT OPERATIONS In regard to the technology, there are
< MATERIAL FLOWS several areas in which the concept of
* ENERGY FLOWS balance is particularly important:

%+ PRODUCT FLOWS

Unit _operations - providing for capacity
balance for all operations to minimize

investment and operating costs.

Material flows - analysis of material inputs and how they flow into the product, into
byproducts, waste materials and effluents.

Energy flows - how energy is provided to the project, where it is utilized, how
energy is discharged and its impact on the external environment.

Product flows - the relationship between production and sales, and how an optimal
storage and inventory policy can have positive effects on project performance when
demand is cyclical.

MATERIAL BALANCE

MATERIALS BALANCE I\/!atenals flowmg_ into thg prOJecF are
B ionss B oo, €ither consumed in production of primary
B oorooss W erooucs products and by-products or become

wastes that must be disposed.
WATER

STEAM m 260 CM

25,700 SCF 2 10757 § 97 DEG C . .
It is useful to develop a complete material
flow diagram to understand the quantities

SINTERING g : of materials required and the anticipated

[ ,[ i 1 Yzl  quantities of wastes and effluents. Means
e COKE  scrap ATER to dlspose of the latter two must be
100007 56007 Ao determined. As wastes and effluents are

f 12745 T SINTER | of increasing environmental concern and

inevitably involve costs to the project, the
design should include provisions for their disposition.

The illustration is for a non-ferrous smelting plant (values are for illustrative
purposes only). The quantities of inflows and outflows of materials correspond to
the operating period, in this case the operating year.
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Ore and coke enter the sinter. The effluents are hydrogen sulfide, particulates (lead,
zinc and other trace metals) and steam. The sinter enters the smelting process,
where coke and scrap lead is added. The smelted lead (unrefined) is produced along
with slag consisting of residual materials. There are also particulates generated that
are expelled into the atmosphere (lead, zinc and trace metals).

Water enters the refining stage and is heated from 20 to 97 deg C in the process. A
residual slag remains from refining lead to 99.95% purity required.

The material flow diagram clarifies the quantities of material inflows and production.
It also identifies issues left to the designer to deal with wastes and effluents -
treatments of the hydrogen sulfide gases, the discharged particulates, the
disposition of slags and discharge the heated water.

ENERGY BALANCE

The energy flows in an investment project

~V RA 1C have an effect on investment and
ENERGY BALANCE profitability in a number of ways. Energy
TTACK LOGOER, FLUE OATES eenemarorswoxw 1AS @ COSt - the proportion of energy

2559 MBTWHR.

applied in actual production as compared
with the total energy consumed is a
cowecon,  Measure of energy efficiency.

CONDUCTION LOSSES
12.7 MBTUHR,

I GAL FUFL /HR.
312 METIAER

mECANGAL, K
TRANSFER LOSSES
MBETUMR.

MANFLP
FEEDWATER
00 ME TR

A principle of nature is that energy and
matter can neither be created nor
destroyed, but can be converted to other
forms. In most industrial applications
there is very little conversion of matter to
energy - virtually all conventional applications involve primarily the conversion of
energy from one form to another. Fuel-fired plants and hydro-electric generators
are the major sources of non-nuclear energy.

RECOVERY 3.0 MBTUHR.

TOTAL ENERGY INFLOW = ENERGY CONSUMED + ENERGY QUTFLOW
METI - Million British Thermal tisits

Within the plant energy enters, usually in the form of fuels to fire boilers or through
the electrical power grid. Sometimes, at least for back-up purposes, plants are
powered with generators driven by internal combustion engines or turbines fired
with natural gas or fuel oil. The energy flows into production, ancillary uses such as
internal heating, or is wasted.

With fuel prices under pressure from limited supply, it is incumbent upon project
designers to assure efficient use of energy. This will tend to minimize investment
and production costs and also contribute to reducing the pressure on international
fuel supplies.

A very simplified energy flow diagram is shown for a steam turbine installation (all
heat values only for illustrative purposes). The boiler is fired with fuel oil with a
Higher Heating Value (energy content) of about 18,500 BTU/Ib. The energy of the
fuel is used to generate steam, which then is used to drive a 75,000 kW turbine.
Some of the fuel energy is lost in the flue gases and heat transfer in the stack.
There are mechanical and heat transfer losses in the turbine itself (e.g. friction
losses) and in the condenser. Some energy is recovered in a feedwater heater.
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The disposition of the heat losses is usually of environmental concern. For example,
the condenser heating loss can be transferred to the air (air-cooled) or to a water

body (water-cooled).

IN-PLANT STORAGE TO STABILIZE PRODUCTION

IN PLANT STORAGE TO STABILIFE PRODUCTION

Maintenance break —e »—

_—

— i

UNITS OF DEMAND PER Mt
oo BB HYBHEESS

40 FEB MR APR MRY AN ML AUG SEP OCT MOV DEC
— CEMAND — CEMAND + LOSSES
- PRODUCTION INVENTORY

When the demand or the projected sales

|program is cyclical the production
| program can be stabilized by utilizing a

policy of building up finished product
inventory when demand is slack and
drawing it down when demand is heavy.

| The real impact of this policy is to

minimize the size of the plant and

| consequently the investment costs. A
.| capacity of 350 per month is required
| rather that the peak demand of 364.

“In the illustration shown there is relatively

low demand in the first four months of the year. It then builds to a peak in July and
August and slacks off a bit in the final four months.

The data is shown in the following table:

JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC

DEMAND 273 318 364 318
LOSSES ) ) . )

(10%)

TO STORAGE | 50 - - - - 50 | 100 | 150 | 200
FROM

STORAGE 350 | 2%0

INVENTORY 273 | 318 | 364 | 318 27 | 32 36
PRODUCTION | - -

BALANCING PRODUCTION - DYNAMIC ANALYSIS

BALANCING PRODUCTION
DYNAMIC ANALYSIS

APPLICABLE WHEN DEMAND CYCLICAL PARAMETERS
{PER OPERATING FPERIOD)

<+ PRODUCTION LEVEL

# PRODUCTION COST

+ SET-UP COST

% HOLDING COST OF INVENTORY
« COST OF LOST SALES

OUTCOME: LEAST COST PRODUCTION PROGRAMME.
OPTIMAL PLANT CAPACITY

When demand is cyclical it is possible to
determine a production programme that
satisfies demand requirements and that
also satisfies other criteria, such as
minimum operating cost. The parameters
of this analysis can be the following (other
parameters can be included at the
discretion of the analyst:

e Production cost as function of time

e Number of units produced in each
period
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e Holding cost (inventory storage and losses)

e Set-up cost (for batch processing - incurred for production in set-up period )

e Stock-out cost (if available stocks plus production is less than demand); in
this case the loss equals the contribution lost.

This type of analysis can be performed manually for small projects with a limited
number of parameters.

For large projects a computer may be necessary. A model is described for
determining the optimal production program in the file Dynamic Inventory Analysis.
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PROJECT INPUTS

Material inputs are one of the major cost
elements of production. In many
developing countries with relatively low
wage rates, materials costs by far outstrip
labour as a cost of production. Efficient
PROJECT |NPUTS material ut_ilization can thereforg have a
very large impact on the feasibility of the
project. In fact, in some cases it can
represent the difference between success
and failure.

MATERIALS & SUPPLIES

Material inputs can be in any natural form

- solids, liqguids and gases and any
combination thereof. They can consist of raw materials, semi-processed materials,
components and subsystems.

Reliability of sources of materials and supplies is a concern to project designers, as
is the difficult task of estimating future costs and trends.

MATERIALS AND SUPPLIES — CLASSIFICATIONS

The project designer is faced with the task
of identifying all material inputs, their
MATERIALS AND SUPPLIES sources and risks, and their present and

CLASSIEICATIONS : future costs. One way of pursuing a
comprehensive compilation of needed

D RAW WATERIALS materials and inputs is to consider all

% PROCESSED INDUSTRIAL INTERMEDIATES ble ClassificationS'

+ MANUFACTURED MATERIALS AND PARTS possi -

4 AUXILIARY MATERIALS

% FACTORY SUPPLIES Raw materials: Unprocessed materials

% UTILITIES such as ores and natural agricultural

4+ SPARE PARTS produce.

+ MOULDS, DIES AND OTHER SPECIAL TOOLS

Processed industrial intermediates:
Processed materials that are produced for end-use, such as aluminium billets, hot
and cold-rolled steel forms.

Manufactured materials and parts: Generally used in assembly processes
(automobile tyres, engine blocks, standard hardware such as nuts and bolts). Some
manufactured materials may be in the form of components and subsystems. Make
or buy decisions may lead to a fairly high level of integration in the components. A
satellite manufacturer may purchase the entire power system from a subcontractor.
Computer manufacturers buy storage devices and fully integrated processor boards
that are assembled into their products.

Auxiliary materials: Materials that are incidental to the product, e.g. solvents in
some paper manufacture or catalysts in some chemical processes.
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Factory supplies: Materials and devices used in maintenance, repair and other
plant functions such as water purification and sanitation.

Utilities: Utilities have material content (e.g fuels and potable water) purchased in
bulk or are purchased from suppliers’ grids (electric power) and pipe systems
(natural gas).

Spare parts: Parts of machinery and equipment have a rate of failure, i.e. failures
can be expected. The project analyst should estimate the quantity of spares needed
for each operating unit and for each period of operations. A plan for securing these
spare parts should be included in the study. Particularly if spares have to be
imported the analyst should take delivery times into account as well the need for
foreign exchange.

Moulds, dies and other special tools: For some processes there is a recurring
need for special tooling. The supplies programme should provide for their
procurement and costs. This can lead to local vendor development, provided that
the needed skills, capacity and materials are available.

ANALYSIS OF MATERIALS AND SUPPLIES

bt : L Quality: What is the required quality?
ANALYSIS OF MATERIALS AND SUPPLIES The quality specifications should match
| the needs of the market and other criteria

QUALITY ¢ th
2 INDUSTRIAL STANDARDS o] t_e sponsor. It may be pru_den_t to
« ALTERNATIVES specify a superior quality material in a
L critical application (one that traditionally
QUANTITY fails) that has a significant impact on
“ PROCESS REQUIREMENTS
+ ACCOUNT FOR LOSSES proc!u_ct performanc_e as a means of
< SUPPLIES PROGRAMME AND attaining loyalty of clients.
SCHEDULE
< STORAGE NEEDS ) ) ]
The quality of a material can be defined
COSTS

either in terms of its composition and the
purity of its constituents or by
performance specifications under standard conditions.

Failure rate of parts, components or an entire subsystem is another way to specify
quality. This will have an impact on product reliability.

Reference to industry, national or international standards is a good way to avoid risk
and to provide accurate cost estimates, particularly for raw and semi-processed
materials. Standards can also be used to check the availability of materials locally
(see section on Product Analysis for more discussion on industrial standards).

When there are doubts, the materials can be laboratory-tested or proven in test
runs at a similar plant (preferably one with whom the sponsor has good relations).

Alternative or substitute materials that can be obtained from local sources (with
adequate quality standards) can result in lower cost. Steel reinforcing mesh wire,
for example, can be replaced in some applications with low cost reinforcing rod that
can be produced with relatively simple processes.
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Quantity :Quantities are established from production coefficients and production
levels. Losses of materials in storage, handling and in the process should be taken
into account. The procedure is to use process diagrams and flow charts to determine
process and factory supplies requirements. Provisions should be made for yield
factors and for losses in handling and storage.

The yield factor is the ratio of the number of units of input per unit of output. For
example, in processing fruit juices, yield depends upon the extractable liquid vs.
solid content. One ton of mangos, for example, may yield 0.3 tons of mango juice.

The same concept applies to ores. A ton of iron ore will yield less than a ton of pig
iron, the exact amount depending on the quality of the ore.

In addition to yield, product losses will occur in handling and storage and also from
unauthorized uses. Shelf life of materials is an important part of the product
specifications. Some organic compounds, for example, have rates of deterioration
that are a function of storage conditions. Inventory policy, yield and loss factors will
assist in determining the storage facilities and space requirements.

A supplies programme defines quantities to be procured in each operating period
and their sources.

Costs: Materials and supplies costs must be estimated for each of the construction
and operating periods. This will derive from a combination of quantity and price. For
imports there may be considerations of tariffs and duties, transportation costs. The
CIF price will not include transport and handling to the factory site. The reliability of
price estimates and possible escalations should be taken into account (escalations
are price increases relative to the general price trend).

PROJECT INPUT PRICING ISSUES

Price history and forecast: The price
history of inputs may give some indication
of an appropriate price for estimating

PROJECT INPUT PRICING ISSUES

< PRICE HISTORY AND FORECAST purposes. Some materials, e.g.
. INFLATION. AND, ESCALATION commodities, have widely fluctuating price
Fes T, SECL L MARATREN histories with no apparent pattern. These
% PRICE MECHANISM - . . L
& EXCHANGE RATE PROJECTIONS price histories can be analysed statistically
& TAKE-OR-PAY CONTRACTS to discern the price trends, parameters
% RELIABILITY OF SUPPLIERS and probability ranges. Then the nominal
% CAPITAL BINDING price can be adjusted within the expected
% DISTRIBUTION: CHANNELS range to develop best and worst case
¥ LERRAING CURVE scenarios.  Prudence  suggest that
conservative price estimates should be
employed.

Inflation and escalation:

Should price inflation be assumed in the supplies

programme? This depends on the characteristics of the financial analysis. If
constant pricing is assumed in the analysis then any input price that is expected to
follow the general trend should be assumed constant. However, even when there is
no prospect of inflation certain materials or commodities may be subject to
escalation from the demand-supply situation. In some cases clean water has
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become a scarce commodity and industrial users are increasingly asked to pay the
full price of purification and distribution. In such cases the current price should be
included in the supplies programme, but taking into account only the relative price
increase expected. When the financial analysis is to be performed at current prices
general inflation should be included plus any expected relative escalations.

Seasonal, cyclical variations: If prices of inputs are seasonal or cyclical, such
variations should be estimated for each period in the supplies programme.
Agricultural prices are generally seasonal. Some commodities, e.g. building
materials, vary in price with the economic cycle. If the financial analysis covers
periods of a full year or an economic cycle an average price would have to be
applied.

Price mechanism: The pricing mechanism for a project input (commodity or
material) may be anywhere from the free market to near monopolistic. Petroleum,
for example, is largely under the control of the oil cartel. Power costs are often
regulated. The price mechanism should be factored into cost estimates.

Exchange rate projections: The price of imported inputs will be affected by the
exchange rate. The project analyst should be aware of any pressures or constraints
on currency exchange rates, particularly when there are exchange controls. If the
local currency is overvalued there is a likelihood of devaluation at some point, which
would have to be taken into account in the input price. The general state of reserves
and the trade and current balances should be examined.

Take-or-pay contracts: When a needed input is in short supply, it may be
necessary to negotiate long term contracts with take-or-pay features to secure a
reliable supply. This type of contract assures supply but requires paying for a
specific quantity of the input during each period regardless of need.

Reliability of supplies: Proposed suppliers should be examined in terms of their
dependability. Enterprises have varying degrees of respect for the needs of their
clients, particularly when it is a suppliers’ market. The requirement of the project as
a percentage of total capacity of suppliers is significant. In tight markets slight shifts
in demand or transportation costs, for example, can alter client preferences of
suppliers.

The reliability of agricultural supplies is dependent upon climatic variations from one
year to another. An analysis of variances in crop yields, in such a case, should be
attempted. In any case the reliability in terms of availability and cost for all
materials should be thoroughly investigated during the planning stage, in terms of
suppliers and conditions affecting supplies.

Capital binding: The amount of capital tied up in supplies of inputs is a function of
payment terms, inventory policy and lead times. In the case of imports, a letter of
credit usually must be opened at the point of order, and the full amount of the order
must be deposited in the local banking institution. Whether these funds are
borrowed or not there is always either a direct or opportunity cost.

Distribution channels: The price build-up through the various stages of the
distribution channel should be understood.

Learning curve: In the early stages quantities of materials required are affected by
inefficiencies as production procedures are refined (machines and workers).
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SUPPLY PROGRAMME COMPONENTS

The supplies programme spells out the

SUPPLY PROGRAM COMPONENTS sources, quantities, and product

specifications and delivery schedule for all

<+ QUANTITIES material items. Lead times and order
< SOURCES cycles should also be specified (time
- DOMESTIC between orders and order points).
- IMPORTS
& SPECIFICATIONS Quantities: How much and when
& PRICE materials and supplies will be required.
% IRANSPORT AND HANDLING Sources: Sources should be identified for

each material and supply. The important

information for each supplier is the name
and location of the company, its history, capacity to supply, and payment terms.
The history is important as a means of understanding the stability of the supplier.
The percentage of its total output required by the project should be ascertained to
understand the purchasing leverage of the project. Payment terms will help to
understand the true cost of the material based upon the inventory policy adopted.

This information should be collected for domestic suppliers and for exporters and
their trading links.

Specifications: The specifications of materials and supplies should be determined
and used for all procurements and cost estimates. These specifications should refer
to industrial standards when possible, or to content and/or performance standards.

Price: The price of the material or input has to be specified. The ex-factory price
may be adjusted for transportation and handling charges to the project site. For
imported goods the CIF price may be adjusted by any import duties and inland
charges.

Transportation and handling: Facilities and costs for transportation and handling
from supplier to plant should be planned carefully. For multi-plant operations it may
be appropriate to use an optimization model to plan supply routes for each plant.

MATERIALS AND SUPPLIES DATA

Information should be systematically
collected and organized concerning the
el Hoteded materials and supplies required for the
production program and for ancillary uses.

Number or code: Designation for
identifying item

Unit of measurement: Standard unit, e.qg.
tons, liters, packets

Payment terms: Terms of payment for
identified sources will assist in estimating
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the price to be used in financial analyses and the amount of working capital
requirements.

Order quantity: This will assist in determining the required level of stocks and is also
an element that determines working capital requirements (see the file Order
Quantity).

Minimum stock: The minimum, or buffer stock, is dependent upon the lead time and
reliability of suppliers and factors such as shelf life.

Minimum days coverage: MDC is the number of day that the buffer stocks will
support production in the absence of additional supplies.

Storage requirements (environmental, physical): Materials may require special
facilities for storage and transport, e.g. refrigeration or air purity. This information
will feed into the plant design and capital investment required.

Lead time: The time from placement of order to delivery is a determinant of buffer
stock requirements and is also an element of working capital requirements,
particularly for imported items that require deposits at the time the Letter of Credit
is opened.

Sources: The identification and other information about sources has been discussed
previously.

Quantity per production unit: The technological coefficient, consumption per unit of
output, should be determined considering the standard quantities and yield, waste
factors and losses.

Price: The price per unit, including transportation, should be ascertained. For
imported goods the cost of inland handling and transport and any duties should be
added to the CIF price.

Market: Procurement from identified domestic suppliers or exporting country.

Production item: The item of output within the project’s product line or the ancillary
use of the material or supply should be should be identified.

Standards classification: The institutional, national or international standards that
apply; also any applicable content or performance standards.

Waste factor, %: Of the material purchased, the percentage that actually finds its
way into finished product should be determined. Quantities to be included in the
supplies programme must be adjusted for the waste factor that compensates for
storage losses in-plant and in handling and transportation. An example of the use of
material waste factors is provided in Material Waste Factors.

Yield factor, quantity per unit: Some materials contain impurities and other
substances that do not become part of the finished product. Ores, for example, have
impurities that must be separated and discarded. Agricultural produce contains
water and other components that are also separated and discarded. The quantity of
sugar in cane, for example, varies widely based upon soil, climatic conditions and
the amount of time from harvest to processing. The quantities to be purchased as
inputs to the production process must take into account the yield of such materials.

48



SUPPLIES PROGRAMME

The supply programme specifies the

timing of purchases, i.e. how much will be
SUPPLIES PROGRAMME needed in each production period. Some

materials may also be required during the

PERICD 1 2 ({

B FULscaLe late stages of the construction phase for

Bl ) 53] 588 trial runs and plant commissioning.

i AR REH R AR

COMPONENT EE H g% E 5| F E E m 3 R N .
gg HEHEIE i g One way to visualize the requirements is
€| 5 | 88| % Gl the type of table shown. For each product
pRODUCT 1 | in the line the type of materials are listed.
{ This should also be done for factory
supplies. The standard consumption per
. | O (O IS S R L unit of output is indicated and the

standard unit cost of the material or supply item. An identifying number or code for
each material and supply item can assist in maintaining correspondence between
the data files.

For each period of production (and construction, if applicable) the standard number
of units is listed based upon the percentage of full scale production planned. The
actual quantities are adjusted from the standard for yield and waste factors, as
applicable. Then the price is applied to the actual consumption to determine the cost
for each material and supply for each period.

The inventory policy may affect the amounts to be procured in each period. During
those period when inventory changes are contemplated (increases or decreases) the
impact on the procurement of supplies should be taken into account in the
quantities listed in the supplies programme.

For the purposes of cash flow planning the lead times should be taken into account.
This is particularly true for items with very long lead times, say six months or
longer. Analysis of working capital requirements (capital binding), takes into
account lead times, order quantities, and inventory issues (see Material and Energy
Balance and Order Quantities).

PRICING STRUCTURE

When determining the cost of project

PRICING STRUCTURE inputs it is sometimes necessary to take
EXAMBLE: UTILITIES TARIFF into account the structure of pricing in the

S — e —— supplier industry.
Annual cost of electneity

CmCp+Cp

Cost = Fixed charge + Energy cost UtIIItIeS, for exam ple, have a pricing
Oz = CyBp + CuEy structure that may include connection
charges, fixed charges per period,

C
consumption rates for peak hours (when

g Unil cost of energy - peak hours

Ce, unit cost of energy - off peak hours ) ~ X
E, peakenergy consumption consumption by all users is at a high level,
E, off peak energy consumption e.g. during evening hours when lighting is

generally required) and for off peak hours.
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Electric utilities may also charge a fee for fuel consumption, based upon the varying
costs of their inputs. The rates may also be a function of the level of consumption,
sometimes higher for low rates (with stimulation of consumption intended) or higher
for high rates of consumption (when discouragement of consumption is intended).

The point is that the structure of pricing for utilities and other suppliers should be
examined before attempting to estimate project costs.

An example is illustrated for an electric utility with pricing based upon a fixed charge
and consumption cost based upon peak and off peak hours. The total tariff is the
sum of the fixed charge plus consumption during each of the separate time periods.

PRODUCTION COST ESTIMATES - MATERIALS AND SUPPLIES

PRODUCTION COST ESTIMATE

MATERIALS & SUPPLIES

Item number or code
Quantity

Unit of measurement
Market

Unit cost

Total cost per period

LIST

APPLY TO:

RAW

UNPROCESSED - MATERIALS
SEMI- PROCESSED [F |
PROCESSED INDUSTRIAL | [
COMPOMNENTS AND SUBSYSTEMS !
AUXILIARY MATERIALS |
FACTORY SUPPLIES

UTILITIES |

Production cost estimates are derived by
listing each item with the item
identification number or code, quantity,
unit of measurement (e.g. tons), market
(local or foreign), unit cost in local or
foreign currency, and total cost using a
specified exchange rate. This is applied to
all classifications of materials (raw,
unprocessed, semi- processed and
processed industrial materials,
components and subsystems, auxiliary
materials, factory supplies and utilities.
The total cost is determined in conjunction

with the quantities specified in the supplies programme. This information is utilized
in determining the financial viability of the project.
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MACHINERY AND EQUIPMENT

Selection of machinery and equipment to
meet the production requirements is one
of the major engineering responsibilities.
Machinery and ancillary equipment should
be selected according to the required
MACHINERY capacities and considering the operating
AND environment as it affects performance.

EQUIPMENT

The impact of the machine or equipment
on its environment should also be
considered, both in-plant and in the
surrounds. In-plant impacts on working
conditions can affect availability and costs
of labour. Impacts upon the surrounding areas can have regulatory implications and
may require mitigation measures with attendant capital and operating costs.

Selection of machinery and equipment to meet the production requirements is one
of the major engineering responsibilities. EQuipment should be selected according to
the required capacity and considering the operating environment.

GUIDELINES FOR MACHINERY AND EQUIPMENT SELECTION

Selection based upon technology: If
GUIDELINES FOR i i
turnkey agreement machinery and
equipment will be selected by the
technology provider. Otherwise, project

# SELECTION BASED UPON TECHNOLOGY

<+ UNIT OPERATIONS FOR INDUSTRIAL PROCESSES designers muSt Select machinery and
% BALANCE CAPACITY OF ALL STAGES equipment in accordance with the
% AUTOMATION APPROPRIATE TO SCALE, SETTING technology, which may be embedded in
o SUPPLIERS the machinery. When the technology

involves the product or process,
machinery and equipment should be
———— selected that produces the desired effects

in terms of quality and performance
standards for the product. Project designers should understand the features of the
machines and equipment that have an impact upon product or process
characteristics.

PERFORMANCE GUARANTEES

-
<+ EQUIPMENT LIFE

Unit operations for industrial processes: The production sequences should be
studied to assure that machinery and equipment is included to complete each
operation, that precision and accuracy standards can be maintained and that the
capacities for processing the required quantity and quality of materials are
adequate. For continuous processes the required flow rates establishes the capacity.
When the technology calls for high-precision machining, for example, only machine
tools that meet the high performance standards will be acceptable.

For batch processes the load capacity and time per batch determine the capacity per
unit time. Set-up time should be considered. Both continuous and batch processes
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should be adjusted for normal maintenance and local operating conditions. Waste
and yield factors should be taken into account.

Balance capacity of all stages: To minimize investment costs the capacities of all
stages of operations should be balanced. This is true for both processes and
machining and assembly operations. For machining and assembly projects the
number of machine hours at each stage will provide information for balancing the
capacities.

Automation appropriate to scale, setting: To what extent should machinery and
equipment be automated? The answer depends upon cost and internal capabilities.
Automatic processes can provide greater precision and accuracy but are more
difficult to maintain. A trade-off between cost of automation and its operation, and
perhaps enhanced quality of the product has to be weighed against the cost and
quality of alternative manual processes. If the manual process produces quality fully
adequate for the market then this factor should be removed from the decision
process. Then it is only a question of whether or not automation provides sufficient
operational savings to justify its cost.

Suppliers: Equipment may be obtained from agents not directly connected with
manufacturer. Selection of such dealer should be predicated on their past history in
similar transactions.

The terms of sale should be clearly specified - timing of payments in relation
delivery schedules and performance demonstration, after-sales service and costs,
point and conditions of delivery.

Performance guarantees: The issue of machinery and equipment performance
guarantee should be resolved as part of the purchase and sale agreement. The
terms of any warranties (who bears the cost of repairs and replacements) for a
specified period of time in which the machinery is to operate to specifications and
the time between notification of failure and commencement of repair services should
also be included.

Equipment life: The analyst should have information from equipment suppliers on
historical economic life of machinery and equipment. This information is necessary
to deal with replacement schedules and associate investment costs, which will have
an impact on the financial viability of the project.

BALANCING MACHINES AND EQUIPMENT

The capacities of machinery and
BALANCING equipment in each process or production

XTI LIIU-N i  Stage should be balanced to minimize
: : ; — investment and maintenance costs.

| MACHINING TIME, MINUTES |

FROGEES MILLING [DRILLING |TURNING | An example is shown of a plant in which a
sl 2 : i product requires milling, drilling and
VALVE 5 3 . . . .
i turning in three different operations,
CASE - 2 - .
production of a base, a valve and a case
TOTAL TIME 8 10 4 | . . .
; or housing. The machine time for each of
RATIO 2 25 1 .
! : the three operations and for each of the
INTEGER RATIO 4 5 2

three processes is shown. The base

52



production requires all three types of operations, the valve milling and drilling and
the case drilling only. The amount of time required for each type of machine to
complete all the processes on a single unit of output are 8, 10 and 4 minutes
respectively.

The number of machines required should be predicated on the ratios of machine
time for each process (the times include maintenance down time adjustments). If
the operation with the smallest amount of time is taken as 1 (turning), then the
time for other operations are in proportions 2 (milling) and 2.5 (drilling)
respectively. In terms of integral numbers of machine units that would ideally be
required, they would be in the proportions 4 (milling), 5 (drilling) and 2 (turning).

CATEGORIES OF MACHINERY AND EQUIPMENT

Production or manufacturing

CATEGORIES OF MACHINERY equipment
AND EQUIPMENT

Plant (process equipment)
Mechanical equipment

Electrical equipment
Instrumentation and controls
Process conveying and transport
Other plant and machinery

PRODUCTION

o

% AUXILIARY EQUIPMENT

STORAGE AND WAREHOUSE

s

%

SERVICE EQUIPMENT

Auxiliary equipment

e Transport: cars, buses, trucks, tank trucks, forklifts, railway equipment,
ropeways, etc.

Utility supply: electric power equipment, water supply, gas

Generating plants for: electricity, steam, hot and cold water, compressed air
Emergency power: stand-by diesels, batteries

Workshop equipment: mechanical, electrical, measuring equipment, etc.

Laboratory

Storage and warehouse equipment

Communications: central units for telephone, wireless, etc.

Heating, ventilating, air conditioning

Packaging equipment, mechanical saws, nailing machines, drums, containers
Sewage disposal and treatment: pumps, conveyors, treatment plant

Waste disposal, treatment and other auxiliary equipment

Service equipment

Office equipment: machines, reproduction, furniture, lockers etc.
Canteen

Medical service

Plant security: fire protection, supervision

Plant yard cleaning and service: mechanical sweepers, sprinkler cars, etc.
Staff welfare and residential buildings

Other
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AMBIENT EFFECTS ON MACHINE CAPACITY -
EXAMPLE: GAS TURBINE RATINGS

Ambient conditions of temperature,
AMBIENT EFFECTS ON MACHINE CAPACTIY

EX: INDUSTRIAL GAS TURBINE RATINGS humidity, atmospheric pressure, air purity
7000 and wind velocity can affect the
sn00. == performance of machinery and equipment.

ISO RATING i
£ 5000 _"“‘-\_\_‘___;h The selection should be based upon the

ambient conditions at the site, as well as
other  factors related to internal
capabilities. When negotiating purchases
or manufacturing contracts, the capacity

4000

3000

POWER AT TURBINE
SHAFT.

/

2000 - T T T
o 20 40 B0 80 100 120

AMBIENT TEMPERATURE, deg F under specified ambient conditions drawn
| from the site conditions should be
—_— Saa laval —S00m — | 000m il . .
included. Any performance requirements
Turbing naminal IS0 (Inmernanonal Stendards Organizanon) rating: 5300 kwat 15 deg C . .
(59 deg F), AmSiont prossire 1013 moar (sea lovel or tests should also specify the ambient

conditions in which the equipment will be operated.

An example is shown of a commercially available gas turbine. Four graphs are
presented for various levels of atmospheric pressure from sea level (14.7 Ibs/sq.in.
in the British system of units or 1013 mbar in the international system) to 1500
meters (atmospheric pressure declines at higher altitudes). Typically altitude can
affect performance by 20% or so of the 1SO capacity rating. Temperature has the
greater impact on performance in this case: above 60 C the developed power falls
off sharply.

All environmental factors should be taken into account. In addition to temperature
and altitude, precipitation, humidity and air purity may be significant. High humidity
promotes many types of corrosion processes. Air purity can affect combustion,
condensation and filtration processes. Precipitation in the form of rainfall, snow or
sleet can impede outdoor functions such as conveyor devices. The quality of water
can be a factor in heat processes - high mineral content can contribute to fouling of
thermal transfer surfaces, thus reducing their efficiency.

EFFECT OF PART LOAD PERFORMANCE AND OVERLOADING

Machinery and equipment should be

T O o AL oveLORONGON | gpplied  within  appropriate ranges of
w0 . workload. Deleterious effects on
~. &l performance can result when the

é i ] . . . .

%o \‘\\\ S application is outside the range of

5 200 g acceptable loads.

; T ———

8 200 i _./ P

£ — : : .

= i The example shown is for a diesel engine.
S o s a0 25 w0 35 a0 45 soss s0 ss 70 75 w0 | Below its rated load of 65 kW the engine

ENGINE POWER, runs smoothly with the CO ( carbon

—COGONTENT IN FLUE GASES ~ ——SPECIFIC FUEL CONSUMPTION | monoxide) content of flue gases at a
maximum of 200 ppm (parts per million).
CO content is an indication of incomplete
combustion of the engine fuel. At part load the CO reduces approximately to 100
ppm. When the engine is overloaded the CO content rises sharply to about 300 ppm
at 80 kWw.

A Miotkowski
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Fuel consumption also varies widely with load. At partial loads in the vicinity of 20
kW the specific fuel consumption is about 540 grams/kWh. At the normal load this
reduces to about 260 grams/kWh, approximately twice as fuel-efficient. When the
engine is overloaded the specific fuel consumption increases to about 280
grams/kWh at 80 kW.

MACHINERY AND EQUIPMENT DATA -1

A data base concerning machinery and

equipment should be compiled
s RTnen L e systematically and used for estimating
DESCRIPTION | I investment cost, utilities requirements
REQUIRED FMNC {au . - -
FNC PER UNIT [au [ and implementation schedules. In the list
NO. UNITS REQUIRED ih H
o 50 _ _below some utility _requwement_s are
CONNECTED LOAD PER UNIT kW | I included. If a machine or equipment
LOAD FACTOR - age .
TOTAL CONNECTEDLOAD, W | [ requires other utility services they should
FUMERTACIOR be included also in the data base (e.g.
WATER PER UNIT, M PERHOUR | | natural gas).
TOTAL WATER, M* FER HOUR
WATER QUALITY FACTORS |
CODE - Production (P), Auxiliary (A), Service (S) Code: Designates each specific type of
Y= chmmry and Hk machinery or equipment and whether

needed for Production, Auxiliary or Service application.
Description: The purpose, manufacture and model number

Required FNC: The feasible normal capacity (FNC) required to meet the production
plan

FNC per unit: FNC may differ from manufacturer's specified capacity

No. units required: Integer value of required (FNC/FNC per unit)

Total FNC: FNC per unit * No. of units required

CONNECTED LOAD PER UNIT, kW: Power demand in kW at full capacity
Load factor: Average percentage of full load to be utilized by equipment
TOTAL CONNECTED LOAD, kw: Connected load per unit * number of units

Power factor: Ratio of true power [El cos(phase angle); E - voltage, | - current] to
apparent power [El]; installation requires apparent power, which is higher than true
power.

Total kva: The magnitude of the apparent power to be installed for the project, kVA
(thousand Volt-Amperes)
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MACHINERY AND EQUIPMENT DATA - 11

MRS YVater per unit, m3 per hour: Process
WACHINE G EGURMENT [ [vachmer [wacrnez water; auxiliary and service water should

WATER PER UNIT, M) PER HOUR also be noted

TOTAL WATER, M PER HOUR

WATER CUALITY FACTORS
OTHER UTILITIES oau

SouRcE 1 [ Total water, m3 per hour: Process
water per unit * number of units

TOTAL COS

3 L

d LOCAL TAXES

TR IRANCE,ETC -I'_L | | - . g .
AL DELNVERED GOST L - Water quality factors: Specifications for
bl it 2 water purity required, mineral content
MAINTENANCE REQUIREMENTS | | | . .
INSTALLATION COSTS || | restrictions.
DELWERY SCHEDULE
EXPECTED LIFE
0.0,U— Descrghon, Cuary, Uty Other utilities: Any other utilities

F. L =Fereign, Locsl

required for the equipment, e.g. natural
gas, compressed air, and their specifications

Source: The equipment supplier - name, location, contact information

Cost per unit: Ex factory or import price (CIF) as applicable in foreign or local
currency

Duties and local taxes: Duties and other taxes levied by government for
procurement of machinery or equipment

Total cost: Number of units * cost per unit in foreign and / or local currency,
including taxes and duties

Transport, insurance, etc.: Inland charges for imports, transportation costs borne
by project for domestically procured items

Total delivered cost: Total cost in local and foreign exchange for delivery of
equipment to site

Installation requirements: Description of foundations, piping, electricity and
other utilities

Installation costs: Costs in local and foreign exchange for all installations
necessary to place equipment in service.

Maintenance requirements: Special maintenance requirements and estimate of
maintenance costs

Delivery schedule: Lead time, payment terms

Expected life: Anticipated technological life of equipment
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ESTIMATING MACHINERY AND EQUIPMENT COSTS

Sound information on machinery and

ESTIMATING MACHINERY AND equipment cost is needed for the estimate
EQUIPMENT COSTS of investment.

Break up project into components:
& SRR URFRONECT IO CoM UNENTS Estimation of machinery and equipment
4 LINK COMPONENTS TO PHYSICAL FACILITIES costs can be faCilitated by IIStlng the

<% VISUALIZE IN PHYSICAL TERMS individ I hi d A
4% USE 'RULE OF THUMB' ESTIMATES IN EARLY Individual machine an eqUIpment types

STAGES on the basis of the production process
% REFINE WITH TENDER OFFERS FROM REPUTABLE design and auxiliary functions such as
SOURCES administration and marketing.

4 CROSS-CHECK ESTIMATES WHERE POSSIBLE

Trace each component to physical
facilities needed: Each type of equipment has its specific needs for ancillary
facilities such as utilities and service. When these services are listed they should be
reviewed to see if costs appear to be reasonable in relation to the basic equipment
cost.

Visualize as much as possible in physical terms: Process diagrams, flow charts,
layouts, organizational charts, diagrams of distribution channels, storage
arrangements, etc. are the best way to understand the need for machinery and
equipment. Equipment lists should be developed with reference to these types of
documents.

Use factors and percentages or ‘rule of thumb' estimates in early stages:
Secondary sources such as project profiles and studies of similar projects provide
factors or ratios that can be used for estimating in the early stages of project
development.

Refine with tender offers from reputable contractors, suppliers and
consultants: When the project progresses to the investment stage it is essential to
acquire firm and reliable tender offers.

Cross-check estimates where possible: Multiple tenders can provide a means of
cross-checking estimates. In the latter stages these offers should be further
checked against other similar projects and advice from knowledgeable consultants.
Bids may be excessively high or low depending upon conditions in the market and
the current business status of bidders.

57



ESTIMATE OF MACHINERY AND EQUIPMENT COSTS

The estimate is structured to develop the

ESTIMATE OF MACHINERY AND EQUIPMENT COST total cost for the machinery and

e Tber o code . equipment in each period of the
umber of machines or equipment )
LisT | Market construction phase and also for
e Unit cost B B H H
Total oat replacements. Financial analysis requires
Project periods required (including replacements) both the amounts and timing of capital
APPLY TO : investments.
“ PRODUCTION EQUIPMENT
“ AUXILIARY EQUIPMENT Item number or code: An identifying
% SERVICE EQUIPMENT R - R
+ INITIAL Srodis: deS|_gnat|on for the machinery or
- SPARE PARTS equipment.

- COMSUMABLE PARTS
- TOOLS, DIES and FIXTURES

Number of machines or equipment:
Quantity of item required in each project period.

Market: Procured in domestic or foreign market.

Unit cost: Total delivered cost for machine or equipment, in foreign and local
currency. Installation costs should also be indicated.

Total cost: Cost of the number of units to be purchased for the initial investment in
foreign and local currency.

Project period required: Period of construction phase when required, and period
when items are expected to be replaced.

Cost for machinery and equipment items in each of the category - production,
auxiliary and service requirements are summed to determine the total. The initial
stocks of spare parts, consumables and tools, dies and fixtures are included in the
estimate. These will become part of the total investment cost for the financial
analysis.
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PLANT CAPACITY

Production facilities are designed for a
level of output to satisfy the project's
production plan. Technical capacity
(production rate) is a function of the
quantity and types of resources to be
employed (e.g. machinery, inputs,
personnel) and can be expressed in terms
of a production rate - units of production
per time unit (day, week, etc.).

PLANT CAPACITY

Plant capacity is a function of the

production rate and operating schedule.

Some processes, e.g. oil refining, are
inherently continuous, operating 24 hours per day and 7 days per week, shutting
down only for periodic maintenance. Other types of production, e.g. vehicle
assembly, can operate continuously or on a one or two shift per day basis.

To select the most appropriate types and quantities of production resources and for
cost and revenue estimates, the project analyst should consider production rate and
operating schedule alternatives.

PLANT CAPACTIY — INTERNAL FACTORS

PLANT CAPACITY The Iogical_ progression of ;teps necessary
INTERNAL FACTORS to determine the production programme
and plant capacity are shown.

DEMAND SALES
PROGRAMME
PETRATION RSTMATES The starting point is the market analysis,
which provides estimates of demand and
CAPITAL < H
i E Tty the market share .estlmated to be
cosT captured by the project. The rate of
SET-UP COST PRODUCTION m market penetration is another factor that
PROGRAMME B
BRI A0 det_ermlnes_the sales programme or sales
B estimates, i.e., what quantities of product
PRODUCTIO . .
cosT are expected to be sold in each project

period to the planning horizon..

The production programme must be predicated on the projected sales programme,
but is affected also by other considerations involving operational optimisation: the
plant capacity requirements (capital costs for production facilities), the cost of
setting up production runs, inventory and storage costs for inputs and finished
products, and any variations in production costs over time.

Inventory and storage costs include depreciation of capital facilities, storage and
handling losses (product degradation and obsolescence) and the cost of financing
working capital necessary to cover inventories.
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The plant capacity must, in turn, be sufficient to satisfy the requirements of the
production programme. The selected technology is an important consideration in
determining the most appropriate plant capacity, such as the minimum and
maximum plant size for the process. The determination of the optimal plant capacity
is based upon the interplay between the production programme and the production
factors indicated.

PLANT CAPACITY - EXTERNAL FACTORS

PLANT CAPACITY The schematic repr_esentatlon of the
EXTERNAL FACTORS process of determining plant capacity
MARKET STUDY shows the interplay of information and
PRODUCTION , SALES TECHNOLOGIES: external constraints.
Rk APPLICABILITY, RANGES;
EBCEEAVNME MIN., MAX. PLANT FOR
LOCAL CONDITIONS . . . .
AR T Ma_rke_t information prowde_s a ba_S|c
CAPACITY (FNC) guideline. A proposed production capacity
can be estimated on the basis of the sales
PRD'ﬁ?ﬁﬁqw‘- 5605'3'":;0" programme and some consideration of the
MIN. , MAX. FNC CONSTRAINT?, inventory policy.
RANGE?
RECONSIDER PLANT SIZE AR bili el After selecting an appropriate technology

there are basically  two external
constraints that must be considered: the range of Feasible Normal Capacities
(FNC’s) available for the selected technology and the minimum economic scale. The
minimum and maximum available FNC’s are a function of the range of capacities
that are technically feasible and offered by technology suppliers. Some processes
become technically infeasible if capacity exceeds a certain limit. There may be
structural or thermal constraints, for example. There is a minimum economic scale
below which practical operations are precluded by high cost.

The minimum and maximum range of operating scales for a given technology can
be adjusted for the local conditions to arrive at the FNC limits. If the tentatively
proposed capacity is within the FNC limits for the technology, this can be considered
a possible solution. Economies of scale should be investigated to refine the selection
of capacity. There may be economic constraints beyond the technological. For
example, as production costs usually decrease with increasing scale, the production
cost of the competition may place a limit on the minimum economic size - for a
smaller sized plant the operating costs would be too high. Another factor to be
considered in some cases is the cost of lost sales if the maximum capacity is smaller
than the sales projections (multiple plants might be considered).

If the proposed capacity is outside the range of FNC’s for the technology it would
have to be discarded as a possibility and the project size reconsidered.
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PLANT AND EQUIPMENT CAPACITIES

PLANT AND EQUIPMENT
CAPACITIES

< FEASIBLE NORMAL CAPACITY (FNC)
- DEFINED BY HUMAN FACTORS, OPERATIONAL
ENVIRONMENT AND SYSTEM ENGINEERING

<+ NOMINAL MAXIMUM CAPACITY (NMC)
- DEFINED BY SYSTEM ENGINEERING
FNC < NMC

<+ EQUIPMENT INSTALLED CAPACITY
- INCLUDES RESERVE AND STAND-BY CAPACITY
- MAY BE DIFFERENT FOR VARIOUS TYPES OF

When dealing with technology and
equipment suppliers, consultants and
other parties involved in the project, it is
important that a common terminology by
employed, particularly in regard to such
critical issues as capacity of the plant.

The Feasible Normal Capacity (FNC) is the
plant capacity operating under
representative local conditions. It can be
determined by analysis of the specific

PRODUCTION EQUIPMENT IN THE PLANT

conditions in which the technology,
machinery or equipment will function,
taking into account factors such as operating environment management and worker
skills and material qualities.

The Nominal Maximum Capacity (NMC) is generally what is specified by process or
equipment manufacturers or providers, as presented in promotional information,
when operated under specified conditions. It is defined by the engineers and
systems analysts, who have developed the technology package, the machinery or
the equipment, as the case may be. Ordinarily this capacity can not be used as the
basis for the project design, as it is based upon conditions that usually do not
prevail at the project site. Invariably the FNC will be less than the NMC. The FNC
should be used as the basis for determining the size and quantities of machines and
tools necessary to meet the production requirements.

Additional plant capacity should be considered to account for maintenance down
time and for reserve and stand-by capacity to handle emergency production. In
determining the utility of such reserve capacity the cost should be compared with
the cost of lost sales that could be anticipated in the event of failure of the
infrastructure system or interruption of production for any reason.

FACTORS AFFECTING FEASIBLE NORMAL CAPACITY (FNC)

FACTORS AFFECTING
FEASIBLE NORMAL CAPACITY

ENVIRONMENTAL CONDITIONS

Nominal
and the

The difference between the
Maximum  Capacity (NMC)

Feasible Normal Capacity (FNC) are
essentially attributable to technical
factors. Some involve the actual

technology and others the environment in
which the technology is to function.

L

MANAGEMENT AND WORK SKILLS

< PLANNED AND UNPLANNED MAINTENANCE ) o
Environmental conditions: Factors such as

temperature, atmospheric pressure and
humidity can affect the performance of
machinery and equipment. At high
elevation, for example, the reduction in
average pressure of the atmosphere can affect output of turbines and other
combustion processes. Ambient temperature affects the performance of heat-related
processes such as condensers and evaporators.

<+ RESERVE CAPACITY

< CONSTRAINTS ON INPUTS AND RESOURCES
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Management and worker skills, cultural factors: FNC can be affected by the quality
of operations management - plant layout, worker relations, material flows. Skills
such as manual dexterity and logical reasoning can be affected by culture, the
habitual activities of worker populations. Cultural patterns such as individual vs.
social identity can affect how workers perform in a group setting. Education and
other features of the nurturing system, such as athletic activities, can affect the
skills that people bring to the workplace.

Planned and unplanned maintenance: The amount of maintenance required for
trouble-free operation is a factor in the FNC. Combined with climatic effects, the
inherent frequency of required maintenance will determine how much actual useful
production can be realized. Some equipment designs inherently require frequent
periodic maintenance, such as filtration systems.

Reserve capacity: The FNC of the plant should take into account any reserve
capacity for equipment that is crucial to operations, e.g. power generators where
transmission lines are not installed.

Constraints on inputs and resources: A practical constraint on FNC is the availability
of inputs and other resources. For example, agricultural projects generally are
constrained by seasonal harvests and land available for cultivation. Necessary
utilities (water, natural gas) may have capacity limitations that restrict equipment
operations. Some limitations may be seasonal. The determination of FNC is not
straightforward. It requires interplay of factors that are internal and external to the
technology.

PLANT CAPACITY AND CONTRIBUTION

Profit can be measured as the difference
between the total contribution or margin,
revenue minus variable cost, and fixed
costs. It can be either positive or
negative.

FC3

W Bl e
FIXED COSTS —

! | The capacity of the plant, in relation to
FC1 investment costs, can have a large

| | influence on profits. Higher capacity plants
i [ tend to have higher fixed costs, if for no
other reason than the increased capital
costs.

PRODUCTION LEVEL: Qq Q2 Q 3
* Sales levels: P - pessimistic; E - expected; O - optimistic

In the diagram it is assumed that contribution (difference between sales price and
variable cost) is constant regardless of scale - this assumption can be adjusted
when the characteristics of particular technology are considered. What should be the
plant capacity in this case? The nominal projection of sales (E or expected value) is
in the range of the intermediate scale. O (optimistic) and P (pessimistic) represent
the ranges of possible sales levels.

For the smallest plant the profitability, with production level at Q1 and fixed cost at
F1 the profitability is low but secure, even below the pessimistic sales estimate. The
mid-level plant, with production level at Q2 and fixed cost at F2 is more profitable,
but there is the possibility of loss if sales fall below the contribution, within the
range of expected values. For the largest plant, production | evel at Q3 and fixed
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cost at F3 , although profitability is potentially highest, the probability of loss is
about 70%, attributable to the high fixed costs (if sales are actually at the
pessimistic level the losses will be severe).

It may be prudent to construct a smaller plant with a more secure profitability,
building larger capacity only when the market conditions are better defined. This
may involve larger capital costs, but accompanied by a lower level of risk. The
decision depends largely on the risk tolerance of the investors.

An approach to analysing the optimal expansion policy is show in Expansion
Optimisation.

Fixed costs increase with plant scale. In the diagram it is assumed that contribution
(difference between sales price and variable cost is consistent regardless of scale -
this assumption can be adjusted when the characteristics of particular technology
are considered). What should be the plant capacity in this case? The nominal
projection of sales (E or expected value) is in the range of the intermediate scale. O
(optimistic) and P (pessimistic) represent the ranges of possible sales level to be
realized.

The smallest plant shows a virtually certain but small profit. The intermediate plant
shows larger profit, but with the possibility of loss (considering the full range of
possible levels of sales). The largest plant offers the possibility of largest profit, but
is rather risky (if the sales are actually at the pessimistic level the losses will be
severe). The decision depends largely on the risk tolerance of the investors.

ECONOMY OF SCALE - UNIT PRODUCTION COST VS FNC

ECONOMY OF SCALE As the _size of the installat_ion increases
UNIT PRODUCTION COST vs. FNC the unit cost of production normally
decreases. Most of the efficiencies are

=l found in the capital costs. Some

R e efficiencies can be realized in material and
m correlating exponent (m=0.2 ... 1.0) labor costs.

The coefficient A and the exponent m can
be determined fairly from a minimum of
three representative (but reasonably
Q (PLANT CAPACITY - FNC) spread) situations. Theoretically only two
Parameters A, m depend on project characteristics cases are needed, but the third would give
more confidence in the result.

¢ (UNIT PRODUCTION COST)
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ECONOMY OF SCALE - POWER LAW AND SIZING MODEL

In the early stages, before entering into
relationships with potential suppliers of
mwsﬁc&wxzboslglzmﬂLaODEL the technology, it is useful to have some
‘rules  of thumb’ concerning the
c ( 0 ]m economies of scale.
-C;.‘du 2 Q-R .. . .
Power Law and Sizing Model: This is

e U ESTIMATED COST the mathematical description of

a SIZE (CAPACITY) OF SYSTEM economy of scale.
Cqy Ok REFERENCE VALUES
m CORRELATING EXPONENT

The relationship of investment cost C to
capacity Q is shown. The exponent m
has a value less than one. The fact that
the relationship is less than linear indicates the economy of scale. Typical values
for m are in the range of about 0.2 to approaching 1.0. For the petrochemical
industry in general m is about 0.6. The value of m should be investigated for the
industrial sector or subsector of interest.

POWER LAW APPLICABILITY LIMITS

The power law for determining specific
investment cost per unit of .output does
not extend through the entire range of

plant capacities.

SlaEm pav

er piant (coa) wih
O and E50

3 wamw; e S ——— In the example shown the limits on
2 1000 4— slaot economy of scale for power plants of

£ various classifications are indicated. It
< it can be seen that when the specific cost of
investment per kW is plotted against the
plant capacity, at some level of capacity
for each type of plant there is an obvious
limit. Above this limit the specific cost
levels off and does not decrease further in accordance with the power law.

UNIT INVESTMEMT COST

PLANT CAPACITY. MW

This limitation applies to virtually any type of industrial plant. As a rough
approximation, it is rare that specific investment cost, regardless of size, would fall
much below 50% of the cost at the smallest practical level of production.
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ECONOMY OF SCALE —
CAPITAL COST RATIO VS. CAPACITY RATIO

In the early stages, before entering into
PITAL COST RATIO vs. CAPACITY RATIO relationships with potential suppliers of
the technology, it is useful to have some
‘rules of thumb’ concerning economies of
scale.

ECONOMY OF SCALE

Unit Production Cost vs. FNC: As
capacity increases the unit production
cost decreases, reflecting economies of
scale. Most of the efficiencies are found
in the capital costs. Some efficiency can
1 2 be realized in material and labour costs.

CAPACITY RATIO (Q/Qg) The coefficient A and the exponent m
can be determined fairly from a minimum of three representative (but reasonably
spread) situations. Theoretically only two cases are needed, but the third would
give more confidence in the resulit.

COST RATIO (C/Cg)

Cost Ratio vs. Capacity Ratio: A lower exponent m increases the rate at which
unit production cost declines with increasing capacity. The cost ratio (unit
production cost for a particular plant size compared with unit production cost for a
base size) declines as the plant capacity ratio (plant capacity compared with a base
plant capacity) increases. This relationship, the consequence of economy of scale,
is illustrated with three values of m. As m is reduced the economy of scale
becomes more pronounced. Industries which are labour intensive generally
approach a value of m = 1 as the technology is usually simple and the capital
investment per worker is fairly linear. For capital intensive process industries such
as petrochemicals m would tend to be lower. Completely automated systems would
show the lowest values of m. Typical values for m are in the range of about 0.2 to
approaching 1.0. For the petrochemical industry in general m is about 0.6. The
value of m should be investigated for the industrial sector or sub-sector of interest.

As m increased from 1.0 to 0.6 to 0.3 the rate of decline of the cost ratio is
increasingly more pronounced, showing the advantage of scale.

MINIMUM ECONOMIC CAPACITY

: — Once the relationship between unit

BB Sele ] [o] L BEReL VLIRS production cost (UPC) and plant scale is

& ANALYZE UPC vs. PLANT SIZE (at full capacity utilization) ) established, a limiting UPC defines the

& DETERMINE MINIMUM ECONOHIC SIZE - UPC < HIGHEST ACCEPTABLE VALUE ‘ minimum scale. The limit can be
FOR INDUSTRIAL SUBSECTOR . .

established in a number of ways, perhaps

‘ on the basis of competitor’'s production

cost, the cost that would provide a
reasonable margin based on the
prevailing or expected sales price or the
import price. For any capacity lower than
MINIMUM P RRT AT e this the results would be unsatisfactory. If
COONOMIC LATAGITY the minimum scale is higher than the

production planned by the project there is
a strong likelihood that the project is not feasible.

LIMITING COST

. UPC vs. PLANT CAPACITY

UNIT PRODUCTION COST
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The procedure for determining minimum economic capacity for a plant in the
industry of interest is as follows:

Analyze Unit Production Cost (UPC) vs. plant size (at full capacity utilization)
Determine the limiting production cost for local conditions. This can be based
upon the production cost for the most efficient competitor, or the cost that
provides an acceptable profit margin.

3. Determine minimum economic size: The UPC must be equal to or less than
the highest acceptable value for industrial branch.

N —

EXAMPLE: MINIMUM ECONOMIC SIZE FOR
PRODUCTION OF FLAT STEEL PRODUCTS

The minimum economic size of a plant for
production of flat steel plates is

LiMiTiNG PRODUCTION COST ASSUMED 25% HIGHER THAN i H
illustrated.

FOR FULL ECONOMY OF SCALE

E 1m I N - - -y .
z \ ot e Sl Seing. For the cold rolling process, the limiting
; N\ cold rofling and treatment; Unit Production Cost is taken as 25% over
= 4_5\\._!,\';”“NG = the cost for the largest scale of MU 38 per
— 1.0 - . .
5 B ton, or MU 47.5 per ton. This limit could
e — be related to the favourable differential in
g . | O SOATE transportation or other non-production
= — 10 20 repe COStS for the smaller producer. In this

szz-orsmityr | MU=Monstary Unit] mionTonsyy ~ CaSe, With the above assumption, the

minimum scale is about 0.75 million tons
or 750,000 tons. In addition to competitor’s production cost, another basis could be
the import price (plus inland charges).

In the example shown for a cold rolling process, the limiting UPC is taken as 25%
over the cost for the largest scale. This limit could be related to the favorable
differential in transportation or other non-production costs for the smaller producer.
In this case, with the above assumption, the minimum scale is about 0.75 million
tons or 750,000 tons. In addition to competitor’'s production cost, another basis
could be the import price (plus inland charges).

PLANT CAPACITY AND TECHNOLOGY

: Technology alternatives may have varying
EMANTICARACILY AUD TRENNOLOGY ranges of applicable production capacity.

& TECHNOLOGY TYPE 1 In tt_1e iIIustr_ation thrge alternatives are
Sl considered with capacity ranges that are
E Y : 1.‘;‘_‘.}41‘5(.‘!.()!5‘.’ TYPE 2 Only Slightly Overlapplng_
a N TECHNOLOGY TYPE 3
Q
E /;u--\\ The envelope of the unit production cost
z i curve can be employed in a manner
APPROXIMATE TREND . . . .
_ ] similar to that used for establishing
APPLICABILITY RANGES PLANT CAPACITY minimum economic size, considering the
T f—v—{_v_, composite of unit production costs for the
2 @ three technologies.

Sgurce; A Mitkowsk
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PLANT CAPACITY AND TECHNOLOGY — Example

Economy of scale is applicable to each of
the alternative technologies that may be
1 considered for a project. A particular

= "‘-.._ ——— technology is generally restricted to
1 ‘\\ #in econ. §ize 1.0 —— cert_ain p_ractical ranges for economic and
E \\ lMinecon.szezttmtfy eng'neerlng reasons.

: = T — In the illustration there are three
i E E technologies that could be considered.
5

== - Each has its applicable range of scale,
which overlap to some extent. There may
be a general trend of unit production cost
(UPC) as a function of plant capacity. On
the basis of UPC alone there is usually a technology that is clearly the best choice.
However, other factors come into play in the selection of the technology such as
strategic and reliability considerations.

Source: WS Atkins & Partners, England — provided by A. Miotkowski

In the example shown the semi-continuous and continuous milling processes for hot
rolled steel are applicable in ranges dependent upon the UPC (comprehensive
conversion cost) for each of the processes. There is a limiting minimum cost at
about USD 60 per ton. At capacities below about 1.0 million tons per year for the
semi-continuous process and 2.0 million tons per year for the continuous mill the
UPC is too high to be competitive.

INVENTORY BUILD-UP TO MINIMIZE PLANT CAPACITY

Minimizing the necessary capital

INVENTORY BUILD-UP project.  When demand | fluctuates

EO M INIMEZEIREANTSCAEACETYG seasonally or cyclically the sales
programme can be accommodated by

N Ay Sl T smoothing out the production program so
that the plant capacity, and consequently

Brodactionieve the investment cost, can be minimized.
During periods when demand is lower
than the plant capacity, inventories would

be built up to a level to meet the expected
PERIOD higher demands in the future.

As previously discussed, other factors such as costs associated with maintaining
inventories to satisfy seasonal or cyclical demand variations should be taken into
account. When demand fluctuates seasonally or cyclically the possibility exists to
meet it by smoothing out the production program so that the plant capacity, and
consequently the investment cost, can be minimized. This would require a policy of
building up inventories to meet peak demands, and should take into account the
costs associated with inventories previously discussed.
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MAXIMUM PLANT SIZE

The maximum plant size for the project
— . = , industry depends to some extent on local
MAXIMUM PLANT SIZE conditions. As plant size increases in a
given environment  the point of
DEPENDS UPON: diminishing returns will inevitably be

& TYPE OF TECHNOLOGY reached. This is one factor in determining

4+ PLANT LOCATION AND TRANSPORT COSTS the maximum capacity.
%+ AVAILABILITY OF MATERIALS & SUPPLIES
4+ ENVIRONMENTAL CONSTRAINTS

4+ RELIABILITY AND STRATEGIC FACTORS

The determinants of maximum plant size
are:

Type of technology: Normally unit

production cost (UPC) declines with
increasing capacity. There is a limit, however, beyond which the UPC increases. The
reasons for the increase depends upon the particular technology and may be
attributable to structural considerations, power consumption, thermal design
limitations, efficiency of chemical reactions. An example is the jet aircraft. Beyond a
certain size the structural and weight requirements of airfoils result in increasing
fuel consumption per unit of payload.

Plant location and transport costs: Infrastructure limitations can impose a
constraint on plant size. The capacity of existing transportation facilities may limit
quantities of inputs and delivery of outputs. Additional investment by the project in
increasing infrastructure capacity may put the project out of the range of acceptable
financial returns. If project markets are geographically widespread transportation
costs may indicate the advisability of multiple locations.

Availability of materials and supplies: The capacity of existing sources of supply
may limit capacity. In marine, forestry and agriculture-based projects, for example,
supplies may be limited to sustainable yields. The price impact of project demand on
constrained supplies is another factor.

Environmental constraints: Plant emissions may be acceptably absorbed by the
environment up to a certain point, beyond which the environmental hazards may be
unacceptable.

Reliability and strategic factors: Risk is reduced by not "putting one’s eggs in
one basket". Markets can be served more reliably when plant capacities are limited
so that interruption of operations do not completely shut down production.
Promotional strategy may dictate identification as a local enterprise serving only
local markets.
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PRODUCTION PROGRAMME AND
PLANT CAPACITY

Plant capacity defines the quantity of
production possible under  existing
operating conditions for the plant design.
The basis is the capacity defined by
PRODUCTION PROGRAMME engineering specifications, adjusted for
AND operating conditions at the site - the
feasible normal capacity.

PLANT CAPACITY

The starting point is market analysis,

which provides estimates of demand and

the market share estimated to be

captured by the project. The rate of

market penetration is another factor that
determines the sales programme or sales estimates, i.e., what expected quantities
of product are to be sold in each project period to the planning horizon.

The production program must be predicated on the projected sales programme, but
is affected also by other considerations involving operational optimization: the plant
capacity requirements (capital costs for production facilities), the cost of setting up
production runs, inventory and storage costs for inputs and finished products, and
any variations in production costs over time.

Inventory and storage costs include depreciation of capital facilities, storage and
handling losses (product degradation and obsolescence) and the cost of financing
working capital necessary to cover inventories.

The plant capacity must, in turn, be sufficient to satisfy the requirements of the
production programme. The selected technology is an important consideration in
determining the most appropriate plant capacity, such as the minimum and
maximum plant size for the process. The determination of the optimal plant capacity
is based upon the interplay between the production programme and the production
factors indicated.

LINKAGE OF SALES AND PRODUCTION PROGRAMMES

The production programme and schedule

derive from the market analysis, the

projections of demand. The sales
PROGRAMMES projections for the project arise from the

MARKET SHARE projections of demand, which has to be

"filtered" through considerations of

market share and the rate of penetration
to arrive at an estimate of sales potential.

DEMAND

PROJECTIONS BALR

MARKET PROJECTIONS

PENETRATION

| -

SRIES St PROGRAMME The estimates of sales potential may not
Es - -

PROGRAMME CAPACITY be the final answer in regard to the actual

SCHEDULE sales programme. The project may not
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wish to avail itself of the full potential for strategic, financial or other reasons. The
plant capacity selected by the project designer enters into the decision on planned
sales programme. The decision on plant capacity is, in a sense, a filter for the
decision on production programme and schedule.

As in any aspect of investment project design, the process is not linear. Feedback of
information at one stage of the process of determining production programme and
schedule may alter views of factors on which they are dependent. Only at the last
stage would all the pieces be consistent.

PURPOSE OF PRODUCTION PROGRAMME AND SCHEDULE

After products and by-products have been
: : _ identified from the market study and
PRODUCTION PROGRAMME AND analysis of the technology selected the
SCHEDULE production programme is determined on
TO DEFINE: : the basis of projected sales in each
% PLANNED PRODUCTION FOR EACH PERIOD OVER THE LIFE project period over the planning horizon

SFTHE ERCIEoT and what levels of finished product
< WHEN TO PRODUCE (FOR CYCLICAL PRODUCTION)

4+ SCHEDULE FOR PROCUREMENT OF MATERIALS AND inv_entories are plannfed. One way i_S to

SUPPLIES estimate the inventories on the basis of
. Ie-FLANT STORAGE REQUIREMENTS: turnover, as discussed in the Financial
TO PROVIDE module, Capital Investment section

4 ESSENTIAL INFORMATION FOR OPERATING COST . . .
ESTIMATES AND CASH FLOWS (working capital). The planned inventory

levels, in turn, establish the extent of

storage facilities required.
The production programme defines:

Planned production for each period over the life of the project: The
quantities of each product in the line to be produced in each project period are
defined. Care should be taken in distinguishing between the sales programme and
the production programme. The sales programme is basically information derived
from analysis of the market and estimates of market share and penetration. The
production programme must supply the products for sale that are not necessarily to
be produced in synchronisation with the sales programme. The build-up and
withdrawal from finished product inventories is a factor that is discussed in some
depth in the sections on Plant Capacity (both in Market and Technical modules).

When to produce (for cyclical production): Within each planning period, it may
be prudent to plan production to accommodate a cyclical sales pattern. This can
impact upon the capacity of the plant and, consequently, investment costs. This
matter is also discussed in the Plant Capacity sections of the Market and Technical
modules.

Schedule for procurement of materials and supplies: The production
programme and schedule (if applicable) determine the types and quantities of
materials and supplies to be procured during each project period. There may be
differences in materials requirements and the procurement programme, depending
upon the inventory policy adopted.
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In-plant storage requirements: Materials and supplies are generally procured in
order sizes that may or may not be equivalent to the total period production. The
inventory policy will determine how much space and other facilities are needed to
accommodate materials and supplies awaiting processing. The subject is discussed
in some depth in Supplies Programme and also in the file Order Size.

The production programme provides information for operating cost estimates and
cash flows, essential as input to the financial analysis. It is the basis for a large
proportion of the operating costs. The supplies programme and labour requirements
may be derived directly if technological coefficients are employed in the estimating
process.

PRODUCTION PROGRAMME

The production programme defines the

L1OT BDASD A RR items and quantities to be produced. It is
P-RQD'UCTIO-N PROGRAMME linked to the planned sales programme as
previously discussed. Primary products,
by-products and production wastes must
be taken into account. Estimates of losses
of finished product in the process and in

DETERMINE:
e WWHAT WILL BE PRODUCED ?

o storage and transport are derived from

BY-PRODUCTS analysis of the technology. Finished
products inventory policy may be an

PRODUCTS aspect of the marketing strategy, which

depends on storage costs and the cost of

lost sales. Storage costs include product
losses (deterioration, pilferage, damage in handling and other losses during
handling and transport) and the cost of providing storage facilities.

Production facilities do not convert all the materials that enter into useful products.
Some of the output has to be rejected because quality standards are not met. With
a good quality control program this will be kept to a minimum, but some percentage
of the production will inevitably become scrap. Another destination for some
products may be warranty services, if such a policy is contemplated.

The project designer should attempt to determine the expected percentages of
waste during normal production operations. This may be a function of the site
environment, so standard waste factors may have to be adjusted.

There are also production wastes, materials that are segregated from the raw
materials or which have been chemically or mechanically altered during the
production process. These somehow have to be discarded or another use found for
them so that disposal costs are minimized. Solvents are used in certain processes
(e.g. paper manufacture) that do not become part of the main product. In many
cases significant savings can be realized by recycling such materials.

By-products are off-takes from the production process that do not enter the main
product stream. In crystal sugar production, for example, molasses is in a sense a
by-product as it contains sugars that do not crystallize. Molasses is, however, a
valuable by product with many uses. When there are wastes generated for which a
use can not be identified, then costs must be included for disposal.
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PRODUCTION SCHEDULE

Detailed production scheduling during the

PRODUCTION SCHEDULE planning stage may be required if there

are seasonal or cyclical variations in

DETERMINE: demand. The analysis should be dynamic,

s WHEN IT WILL BE PRODUCED i.e. considering the inter-relations of the

production levels and inventory build-up
for each period during the cycle.

& CONSIDER VARIATIONS IN PRODUCTION |
REQUIREMENTS DUE TO CYCLICAL OR

|
SEASONAL PHENOMENA |

I Consider variations in production

% CONSIDER INTERMITTENT PRODUCTION | requirements due to cyclical or

REQUIREMENTS IN REGARD TO CAPACITY | Seasonal phenomena: Short—term

production  requirements should be

considered in determining the adequacy of

the plant capacity. If the capacity has been determined on the basis of annual

requirements, use of multiple shifts or overtime may be able to accommodate peak
demand.

Consider intermittent production requirements in regard to capacity: It is
possible to accommodate intermittent or cyclical production requirements with a
capacity less than the maximum if finished product inventory is built up in the
periods prior to peak demand. This implies a build-up of materials and supplies
inventories as well. This is discussed further in the Plant Capacity section of the
Market module. See also Dynamic Inventory Analysis and Order Quantity. An
example of the use of the production buffer is shown in the section Materials and
Energy Balance - Use of In Plant Storage to Stabilize the Production Schedule.
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HUMAN RESOURCES

The project plan should include analysis of
personnel required to operate the
enterprise. Recruiting qualified personnel
in sufficient numbers, arranging for
training when skills of available personnel
are insufficient, determining what services
HUMAN RESOURCES are required to support the staff, and all
associated costs are needed to complete
the plan and to estimate the financial
implications.

Personnel can be categorised in terms of

role (management, supervision, workers),
skills (professional, highly skilled, semi-skilled, unskilled) or application (direct,
indirect labour). The job of the project planner is to identify personnel requirements
and to develop a plan for assuring that the skills and numbers required can be
secured for the project.

Planning for the project’s personnel involves deciding the required qualifications of
employees, the numbers of each classification and availability. This is facilitated by
design of an organization that will be suitable for the industry and region. Some
personnel will be directly involved in production. Others will be considered ‘indirect’
and will be included as a part of overheads, which are costs of operations not
directly related to production. In addition to the indirect personnel costs there will
be invariably other indirect costs to be included as overheads. For cost accounting
purposes overheads are usually tacked on as a ‘burden rate’ for each unit of
production to establish sales margins.

HUMAN RESOURCES PLANNING

Deciding how to provide the project with

HUMAN RESOURCES PLANNING ~ the necessary personnel and skills to carry

% PERSONNEL — LOCAL AND EXPATRIATE out the business plan is part of the overall
- REQUIREMENTS (PHASE AND CLASSIFICATION) B H
i planning process. Planning _fo_r human
- AVAILABILITY resources involves specifying the
% JOB DESCRIPTIONS classifications and  qualifications  of
& RECRUITMENT METHODS personnel (including language abilities),
+ LABOUR/UNION RELATIONS . .
& RESOLUTION OF DISPUTES estimating the _ numbers  of ea_lch
< DISMISSAL PRACTICES classification required, and then analysing
# PRODUCTIVITY STANDARDS availability. If personnel in sufficient
% LANGUAGE ABILITIES numbers for a given classification are not
+ SOCIAL INFRASTRUCTURE - S
% WAGES AND SALARIES, BENEFITS PACKAGE available, then training has to be

considered along with its costs.

If construction and decommissioning phases (if necessary) will be conducted under
the sponsor’s leadership personnel needs and other related costs have to be
included in the estimates. This would not be necessary for a turnkey contract.
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The need for expatriate personnel during all project phases should be assessed.
There may be expatriate managerial and technical expertise required during the
planning and construction phases and during the operations phase. This may be
required for a smooth absorption of the technology if it is imported, with the
expatriate experts having responsibility for training local staff. The costs will usually
involve foreign exchange.

Personnel - local and expatriate: The organization structure defines the types
and number of personnel required at various levels.

e Classifications (contractors /consultants, managerial, staff (administrative,
factory, sales and distribution, etc.), labour (skilled, semi-skilled, unskilled).

e Number required for each project phase (planning, implementation,
operations, decommissioning).

The qualifications, or background, training and skills needed for each key position
should be identified. Then the local and expatriate labour pools should be
investigated to determine availability of these personnel.

Job descriptions: Job descriptions should be developed, at least for key personnel.
They can be used to clarify responsibilities and qualifications and lead to more
accurate cost estimates.

Recruitment methods: When local skills are not adequate there are two
possibilities: to train to the required levels of competence or to recruit expatriates
with the necessary skills. Recruitment of local personnel, even if they need training,
has its advantages. The need for cultural adaptation is eliminated; there are also
political considerations. Recruitment methods should be analyzed and the most
appropriate means recommended.

Labour/Zunion relations: Another factor to consider in planning personnel
requirements is the local labour situation. If there is likely to be the need for
negotiations with labour organizations, the assumptions on costs of negotiations and
consequent labour costs should be taken into account.

Resolution of disputes: In some countries management-labour disputes are
resolved in the judicial system. The analyst should take into account the skills
necessary for such litigation and associated costs.

Dismissal practices: Will layoffs in periods of slack production will be possible? In
some cases where necessity or regulations mandate, factory labour has to be
considered virtually a fixed cost.

Productivity standards: Cultural and climatic conditions may impact upon the
productivity standards for personnel at the project site. When there are man-
machine interactions the standard machine production rates can also be affected.
The labour-machine numerical relationships may have to be adjusted to reflect local
conditions. Assumptions concerning labour productivity should be realistic based
upon local norms and practices and upon the local working environment. The
‘learning curve’ should be taken into account in determining the number of workers
required. If the project wishes to attempt to transcend some of the local practices
that run counter to high labour productivity some mechanism will have have to be
included to address this. Bottom up management is one approach that might work
in some cases. In others the provision of good social infrastructure facilities for
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workers might enhance the level of commitment to project goals. For new
technologies productivity may be lower than normal during the learning phase.

Language abilities: If machinery and equipment are imported the operations
manuals and other support documents may be written in the language of the
producing county. Another possibility is direction by expatriate personnel who may
not be fluent in the local language. Local personnel with responsibility for
maintenance and operation of imported equipment and who need to be able to
extract information from these documents, or who must take direction from
expatriate supervisors may require language training.

Social infrastructure: To maintain the cooperation and loyalty of project staff their
social needs should be accommodated. Housing and access to human services (food
supplies, health, education, recreation) must somehow be provided. If the social
infrastructure is not provided by the local community the project may have to bear
some or all of these costs.

For expatriate personnel the social infrastructure and associated costs may have to
reflect some of the accustomed amenities in terms of housing characteristics, access
to international-level education facilities for children, transportation and services for
spouses.

Wages and salaries, benefits package: Wages and salaries, and the benefits
package provided for workers, should inspire the loyalty and commitment of
employees. The "carrot" is a more fruitful policy than the "stick", which does not
now and never has served as an effective motivating device. Wages and salaries
should be fair, offering workers the opportunity to maintain reasonable standards of
living without having to seek supplementary income. In many countries there is no
public social safety net, so workers are particularly sensitive to benefits such as
health care, education allowances for children, retirement benefits and
unemployment insurance.

If expatriate personnel are required the estimates of salaries and benefits package
should be realistic in terms of the international scales and practices.

CHARACTERISTICS OF THE PROJECT LEADER

Among the most important issues to be

_ — considered by investors is the
CHARACTERISTICS OF THE qualifications and commitment of the
PROJECT LEADER driving force behind the project. Any
project needs a leader. The

investor/entrepreneur could assume this
role, or could either recruit or select
someone from the organisation. The most
< LEADERSHIP QUALITIES important qualities are energy and
& KNOWLEDGE AND ABILITY commitment. Energy is the activation
force that can overcome the many
obstacles that a project normally faces.
Commitment is the will to apply that
energy in this particular situation, that usually derives from psychological
identification with the project’s goals. Some of the characteristics that should be
sought in a leader are:

* INDIVIDUAL PROFILE
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Individual profile: Initiative, risk tolerance, decisiveness, bravery, motivation,
financial prudence, ability to handle stress, creativity, intuition, self-confidence,
dedication and commitment, integrity, responsibility

Leadership qualities: Motivational and organizational skills.

Knowledge and ability: Understanding concepts relevant to the venture, a good
track record (more successes than failures).

Where can the project find such a super-human? Good luck!

WORK TIME UTILISATION

WORK TIME UTILISATION In addition to UnprOdUCtiVe Workdays, the
- : project designer may have to consider

WORKING TVE G SHFTS U‘Wb how time_ is utilized in the workplace. An

it ceone ©X@mple is shown of small scale machine

eeaks  parts manufacture. Of the normal work

PROBLEMS \ time available per worker (e.g. 8 hours

,/ per day), in this case 65.5 % of time is
MANTENANCE e not put to productive use (scheduled

ORGANISATIONAL

= breaks, preparatory time, auxiliary
operations, organizational problems and

propuce Uﬁg’gms maintenance). Only 34.5% of the work
day is actually spent in production.

How these factors are taken into account depends on the nature of the production
process and worker-machine relations, and to this extent is at the discretion of the
project designer.

Source: A, Miotkowsia

Suppose that the process is semi-automated and that the lost time involves both
worker and machine. If the estimate of manpower assumes an operator for the
machine, then there would not be a need to adjust the number of workers for the
unproductive time. The production capacity of the plant, however, would have to be
adjusted.

If the process consists of a number of discrete stations that can be operated by a
pool of workers, then some of the non-productive time involves workers and others
the machine. Maintenance, preparatory time and perhaps auxiliary operations affect
the machine utilisation. Organizational problems, scheduled breaks, and preparatory
time (assuming the worker is involved in preparation) affect the amount of
unproductive time for the worker. In this case both the plant capacity and the
number of workers required would have to be adjusted if standard coefficients were
used for the basic analysis.

The worker adjustments based upon the unproductive time would be added to the
adjustments for unproductive work days previously discussed.
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SURCHARGES - UNPRODUCTIVE WORKDAYS

SURCHARGES ~ UNPRODUCTIVE !—|0I|days and lost Wor_kdays for traml_ng,
WORKDAYS illness and leave require that the project
[casEA [cases hire more workers than would be
DAYS PERYEAR " Mz 3z . .
NGNWORKING indicated based upon the standard work
Second holidaytweek | - 52
Other holidays | 4 ET] week.
Training 2 a5
L | -14 20
ﬂ:':;{,vm., 3 = In the example two cases are shown,
LAl T Case A with a total of 23 unproductive
WORKING DAYS | YEAR 289 188 .
WORKING HRS | YEAR (Shid) | 23w 1800 days per worker and Case B with 123. In
* Assume normal 8 day work week (48 hrs/week) Case A assume that the total number of
Feroent ewcharge foramprocuctive fine: unskilled workdays required is 15,600.
o o o= - l . al = \ i
%% surcharge ‘w"(l-%mu-pmmm =g With an assumed 6 day per week work

schedule, or 312 days per year, nominally
50 unskilled workers would be required. However, taking into account the 23
unproductive days for leave and other purposes with only 289 work days (average)
per unskilled worker, the number of workers required would be 54. This means that
4 additional workers would have to be employed to satisfy the requirement.

The wage surcharge can be calculated using the formula shown. Suppose the annual
wage per unskilled worker is R 5000. For case A the result would be:

% non-productive hours = 23/312*100 = 7.37%
% surcharge = 100*(1/(1-(%nonproductive hours/100)) - 1)
% surcharge = 100*(1/(1-7.37/100)-1)=7.96 or 8%

The total wage bill for unskilled workers would be R 5000*50*1.08=R 270,000. This
factor (8%) would also be added to the benefits package. If there are any fixed
charges a better approach is to use the actual number of workers (in this case 54)
and then calculate the wage bill.

ESTIMATE OF HUMAN RESOURCES COSTS

To prepare an accurate estimate of human

ETIMATE SO HUMANRESOURCE 22 COS LS resources costs the following data should

LIST: < CLASSIFICATIONS be first compiled'
% SALARIES and WAGES )
< BENEFITS and SURCHARGES
4 TRAINING - R R - g .
& RECRUITMENT Classifications: The job classification
and number of employees in each
APPLY TO DIRECT AND INDIRECT (OVERHEADS): . .
classification based upon the
» PLANNING . - . .
A bl S0 organizational structure. The classification
*+ OPERATIONS should include every employee in the
< ADMINISTRATION . .
# PRODUCTION organization, from top management down
S{OMARKRTING to the lowest paid worker.

+ SALES & DISTRIBUTION
< DECOMMISSIONING
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Salaries and wages: The standard compensation for each classification should be
indicated. Some workers, such as management personnel, may have annual salaries
while other workers will receive hourly wages. The currency of payments, foreign or
local, should also be indicated.

Benefits and surcharges: To the salary and wage scale for each classification the
cost of the benefit package should be added (e.g. social security, leave, sick pay,
health benefits, housing allowance) and can be expressed in terms of a percentage
of the standard wage or salary. Surcharges for payroll taxes, unproductive time,
etc., should also be added to the base wage or salary.

Training: Training costs should be added for each classification depending upon the
level and number of employees requiring training. In a given classification not all
prospective employees may need the same level of training.

Recruitment: For scarce technical personnel it is often necessary to provide
housing, shipment of personal belongings and transportation for the immediate
family, and possibly education costs for children of such employees.

Personnel costs should be identified separately for each project phase (planning,
construction, operation, decommissioning). Costs during the operations phase
should be included for each functional area (administration, production, marketing,
sales and distribution, research and development, etc.). The organization chart for
each stage can be used to identify the numbers and classifications.
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PLANT ORGANIZATION AND OVERHEAD COSTS

The project requires an organization to
carry out the business plan. The

organization should be designed to fit the
:lﬁADNgVoElltiGl-lAE:Inggg?rg needs of the enterprise - to carry out the
business plan during each phase of the

project. Once the various functional

% CLASSIFICATIONS departments are identified, an
% DIRECT AND INDIRECT organizational structure can be formulated
NUMBERS OF EMPLOYEES to cover all the necessary functions.

JOB DESCRIPTIONS
LABOUR AND OVERHEAD COSTS

L

The organization should be defined from
top management down to the lowest level
factory worker. This will help to clarify the
job classifications and numbers and lead to reasonably accurate estimates of costs.
The organization will wusually differ during each project phase (planning,
implementation, operations, decommissioning if necessary).

The organization decisions involve:

Classifications: The types of jobs required from top management down to the
lowest paid worker.

Job descriptions: Descriptions of responsibilities for each classification should be
sketched out, in increasing detail as the project nears the commitment stage. These
descriptions should be sufficiently detailed to estimate availability and appropriate
wages and salaries, and to understand functional interfaces.

Direct and indirect: In the plant human resources planning should include direct
(production workers) and indirect staff (not directly involved in production, i.e.
maintenance personnel).

Numbers of employees: The number of employees in each classification should be
estimated, taking into account unproductive workdays and unproductive hours as
previously discussed.
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ORGANISATION CHART

The organization chart is a layout showing
ORGANISATION CHART the relationship between all positions

XYZ COMPANY planned for the enterprise. It provides a
= i way of visualizing the structure of the
Enmes organization and provides a basis for
_ e analyzing the interfaces between
:_ _ e o | _ functions.
|'|_ SR MR (WA
I ——— |: The chart of the XYZ company illustrates
J—— i — Al ———— four  functional areas:  production,
e rE— administration, marketing and
= distribution. Within each structure all
]

subordinate positions are shown with the
numbers of employees planned for each category.

The plant organization chart (organigram) may vary according to project phase. It
may be advisable to create a separate organisation chart for each project phase.
Although factory workers are not normally involved, for trial runs it may be
necessary to employ and train a full complement of workers during the construction
phase.

Another use of the organigram is to identify cost centers that will require direct
worker costs and also the indirect costs. In addition to indirect labour costs, there
will also be indirect (overhead) costs of other types, for materials, transportation,
communications, etc. One way to keep track of this is to structure the organigram
down to the lowest level of organization and to identify all costs, direct and indirect,
for each function. This will be helpful for determining the labour part of production
costs and the overheads associated with all the other functions.

OVERHEAD COST CENTERS

For cost estimating it is useful to identify

the cost centers that will involve
OVERHEAD COST CENTERS overheads. This systematic way of dealing
with overheads is a way to avoid

SMALL [ L omissions and overlaps.

COMPANY
uance = = = = The structure of cost centers may or may
not coincide with the organization
[PRoteesT] structure. In some cases overheads will
cover multiple functions, and in others
overheads for a single organization
function may better be estimated by
dividing it into sub-functions. In the
example shown there are two Process Cost Centres under Production. These are
shown separately in the cost centre structure but may not appear as such in the
organization chart. This would be helpful if the processes were sufficiently dissimilar
to warrant separate analysis of overheads for each.
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FACTORY AND ADMINISTRATIVE OVERHEADS - NON LABOUR

An estimate of non-labour overhead costs,
all costs that can not be attributed directly

FACTORY AND ADMINISTRATIVE to production such as direct production
OVERHEAD COSTS materials, is needed to complete the
[ NON-LABOUR ] financial analysis of operating costs and
+ IDENTIFY COST CENTERS profitability.
<+ IDENTIFY OVERHEAD COST CATEGORIES
& ESTIMATE GUANTITIES AND PRICE The estimate of non-labour overhead
& BETERME OVEREEAT CaiTE costs is derived from first identifying all
+ INCLUDE OVERHEAD COSTS IN PRODUCTION the ) cost centre_s in _WhiCh overheads
I — (indirect costs) will be incurred. Then the

specific cost items are identified and
estimated. These can include such costs
as repair and maintenance, supplies, rents, communications, etc. Within the plant,
as previously discussed, costs of indirect personnel can be included as part of a
production overhead burden.

Identify cost centres: This identification can assist in organizing costs so that
there are no omissions or overlaps. Cost center identification is a function of the
type of project. Cost centres can be identified for Administration, Production,
Marketing, Sales and distribution, Research and Development and other functions.

Identify overhead cost categories: Cost items can be identified within each cost
centre, for example Rent, Office expense, Fees and allowances, Advertising and
selling, Supplies.

Estimate quantities and price: For each cost item and in each cost centre the
quantities and prices should be estimated.

Determine overhead costs: Overheads for each cost centre can then be
determined as the aggregate of costs.

Include overhead costs in production and operating costs: Non-labour
overheads for each functional area should be included in the operating costs for the
project. Production overheads may or may not include the indirect production labour
costs, depending upon the approach preferred by the financial analyst.
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LOCATION AND SITE SELECTION

What are the three most important
business decisions? Location, location
and location. This adage may be a slight
overstatement for industrial projects
(perhaps more applicable for retail trade);

LOCATION AND SITE nevertheless location has its significance

as a determinant of the project’s external

SELECTION environment. Normally the criteria of an
industrial project’s sponsor are a bit more
diverse.

With international borders becoming less

formidable  barriers the range of
possibilities often extends offshore. Geographical diversification may reduce risk
from economic and political upheavals.

A location is selected based upon the criteria of the project sponsors. A site
selection, the particular plot of land upon which the plant will be constructed, is
more a function of the characteristics of land, its preparation costs and
infrastructure considerations.

A site has to be selected to accommodate the plant and ancillary facilities. In
vertically integrated projects (e.g. agro-industrial) sites have to be found that are
optimal for each of the activities and that also mesh well together.

LOCATION AND SITE

The location is identified as the country,

region, city or town in which the project’s

LOCATION facilities are to be located. The project

IN WHAT COUNTRY, REGION, TOWN or VILLAGE designer logically seeks a location that
SHOULD THE PLANT BE LOCATEAD? optimizes the multiple criteria of the

project sponsor.

SITE . . . .

Alternative sites in the selected location

WHERE IN THE TOWN, VILLAGE OR REGION are compared to find the one which best

SHOULLETHE ELARTIEE CONSIRUCTED S meets the operational requirements. In

each case the analysis should be done

systematically so that biases are

minimized. The method should be to first

determine the factors to be considered, then the criteria for judging these factors

and finally an evaluation of the factors for each alternative in terms of its

conformance with the criteria. Once this is done, then more subjective factors may
enter into the picture to arrive at a decision.

The site should be selected to accommodate the plant and ancillary facilities. In
vertically integrated projects (e.g. agro-processing) sites have to be found for
cultivation and processing that are optimal for each of the activities and that also
mesh well.
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MULTI-CRITERIA LOCATION ANALYSIS

MULTI-CRITERIA
LOCATION ANALYSIS

A location should be selected considering
simultaneously all appropriate criteria.
One way to accomplish the analysis
systematically is to rate each alternative
location according to a list of weighted
criteria using a point system. This adds

[+  PRODUCTION FACTORS objectivity to the analysis; however, the
%  SITE REQUIREMENTS system should be set up realistically,
% INFRASTRUCTURE - : .

&  MARKETS AND SUPPLIERS applying appropriate weights to each
%+  STRATEGIC FACTORS factor in accordance with the sponsor’s

| COST and RISK FACTORS preferences

Production factors: How will the
environment at each prospective location affect operating efficiencies and costs?
The characteristics of alternative locations may vary in regard to availability of
resources needed by the project. Urban locations usually provide greater quantities
of potential workers with a higher level of skills. Rural locations provide
opportunities for expansion and few design constraints.

Site requirements: A location may be ideal strategically but may lack appropriate
sites to build the plant.

Infrastructure: To what extent do the alternative locations provide transportation
(roads, rails, airports), communications and utility services? If access by road is
required, for example, and if the only available sites are on steep slopes, the design
and cost of roads may render the location unsuitable. If the project requires large
volumes of raw materials then the existence of a rail spur may weigh heavily on the
decision.

Markets and suppliers: Location close to markets may be more important for
perishable items and for those that require close contacts, such as industries that
are fashion-dependent. If the volume or weight of inputs were very much greater
than that of the finished product then a location near the supplier would have cost
advantages. When there are significant imports or exports, proximity to port
facilities may be advantageous.

Strategic factors: How does each location alternative fit into the project’s strategic
concept? For example, if the project is to compete in a country where xenophobic
sentiments prevail, it may be prudent to locate the plant in that country, seeking to
increase identification with the local culture. Cost factors: Investment and operating
costs for each location and the risks associated with setting up and operating the
plant underlies all other factors.
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MULTI-CRITERIA OPTIMISATION

: : _ The problem is to select the location or
site that optimises satisfaction of multiple
o] care i criteria. Analysis of location and site, and
| in fact other project decisions, are best
made on a systematic basis. This can be

n_elc.

T I — accomplished by first identifying the
& NUMERICAL WEIGHT SCALE IS SELECTED AND ASSIGNED TO EACH factors (Criteria) and their functional
% iTg(E::!I":I.gN POINT SCALE IS SELECTED; EACH LOCATION IS SCORED characteristics.

FOR THE CRITERION
% HIGHEST POINT TOTAL INDICATES MOST FAVORABLE LOCATION

The same ground rules should be applied
to each alternative. Considering the same
factors for each alternative, weights can
be assigned to each factor and then each
alternative rated on a scale. The scale should be sufficient to discriminate, but not
so precise as to cloud the issue. Something like a scale of 1 to 5 might be
appropriate for the ratings of each factor. The factors themselves might be weighted
on a 1-10 scale. The alternative with the highest overall point score would ordinarily
be the most favoured alternative. The ratings should be done by several individuals
independently, if possible, at or near the top of the project. Then any gross
discrepancies in their ratings can be discussed for further clarification.

TP, =3 WP, fork=12,..,m
il
W, weight for criterion j
P, points for criterion j, location k

In the illustration the factors and the assigned weights are shown in columns at the
left. The locations, from 1 to m, are listed across the top row. In the column for
each location alternative the points for each factor (or criterion) are entered. Then
the total points for each location can be determined as the sum of the products of
each weight and the points assigned to each factor. The location with the greatest
sum of points (assuming that the system is set up objectively) should be the most
favourable.

The criteria used in analysis differ according to the local situation. In some case
availability of labour might be one criterion. Even though costs for other factors
might be high the location, the uniqueness of labour availability might warrant a
weight structure that causes the site to appear most favourable.

LOCATION TRIANGLE

A "location triangle”, or in the case of

exports and imports a quadrangle, can be
LOCATION TRIANGLE the basis for determining the least cost
alternative. The volumes of materials and
products to be transported between
market, plant, suppliers and ports can be
combined with unit transportation costs to
determine the overall transport cost for a
particular location or site.
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A "location triangle", or in the case of exports and imports a quadrangle, can be the
basis for determining the least cost alternative. The volumes of materials and
products to be transported between market, plant, suppliers and ports can be
combined with unit transportation costs to determine the overall transport cost for a

particular location or site.

PLANT LOCATION - MINIMUM TRANSPORT COST

PLANT LOCATION -
MINIMUM TRANSPORT COST

min K = min [k;Ryd; + koRody +.....o.... + kRydy]

dod, d, dod, _d

d, 4, d, transport distance to be optimized
k unit transport cost
R, quantity transported
F12e n subscripts for individual suppliers and customers at
fixed locations

This is the same idea as the previous
presentation expressed as a minimization
problem. The method of solution is to
evaluate the discrete options that are
available for location and site. Another
approach would be to use a search routine
for the minimization and then to select the
available location or site closest to the
optimal point.

In either case the total cost of transport is
determined for each possible location (or
site), calculated as the sum of the

products of (1) quantity (or volume, depending upon rate structure for the item or
commodity) shipped, (2) transport rate in cost per km or mile and (3) the distance

in km or miles.

In the formulation the variables are as follows:

K - the total cost of transportation for a particular plant location

k - unit transport cost for a path between the plant location any other site: market,

supplier and port

R - quantity transported between the plant location and any other site: market,

supplier and port

j=1,2,...... ,n: j is the subscript for the path between the project plant and
individual suppliers, domestic customers and the port (for imports and/or exports)

at fixed locations.
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LOCATION ANALYSIS - TRANSPORTATION COSTS

Mathematically the problem of least cost

analysis for a site or location looks like a

L°Eﬂ}£§§§ﬂ;§5“ force table in a physics laboratory. The

combination of weight or volume,

transportation cost per km. and distance

represents the weight for that supplier or

) market. Some position (site or location)

minimizes the cost. Once the location of

b markets, suppliers and port facilities (in

LOCATION case of international trade) are identified,
K=K, ... . .

the location closest to the ideal would be

selected on the basis of minimized overall

transportation costs. This would be

relevant if all transportation costs are to be borne by the project.

The ideal location is actually the "centre of gravity" of the transportation system. If
each weight is represented by the product of the weight (or volume if that is the
basis for transport costs) and the cost per km the point at which the attached
flexible cables would come to rest represents the "centre of gravity”. A change in
any one of the factors, volume or unit transportation cost, for any of the sites of
suppliers, markets or ports would change the position of the "centre of gravity".

PROJECT LOCATION PREFERENCES

The nature of some industries and

PROJECT LOCATION PREFERENCES production processes affects the choice of

location. Proximity to markets or supplies

[+ RAW MATERIALS-ORIENTED - .
| il of raw materials may |nflu_ence the
- HYDRO-POWER selection for some types of projects while
|~ AenERRE others are independent of such
4 MARKET-ORIENTED considerations.
| - SERVICES
= HIGH QUALITY GARMENTS |
‘ = WATER-BASED BEVERAGES Raw materials-oriented: Projects such
[ & FLEXIBLE LOCATION as hyglro—power,. mining or petroleum
: — MACHINE TOOLS extraction are tied to the source of
— ELECTROMICS . :
| PHARMACEUTICALS materials. Others that use raw materials

with large weight or volume loss in
processing are better located near sources of supply to minimize transportation
costs of inputs. Much agro-industrial processing involves significant weight or
volume loss, e.g. fruit juices or sugar production.

Market-oriented: Projects that need to maintain close links with clients are better
located near the market. Examples are service industries such as specialized
computer programming or maintenance and repair. Others industries that have
large weight or volume gain of ubiquitous materials are better located near markets
to minimize transport cost of finished product, e.g. water-based beverages or
ready-mixed concrete.
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Flexible location: When markets and suppliers are widespread there is more
flexibility in choice of location. Some examples are machine tools and electronics.
When products have large value per unit volume or weight, choice of location in
terms of minimizing transport costs is not particularly significant, e.g.
pharmaceuticals.

SITE SELECTION CONSIDERATIONS

When there are several sites available for
consideration they should be compared

SITE SELECTION CONSIDERATIONS

PRELIMINARY FACILITIES LAYOUT: systematically. The analysis should start

< SIZE AND SHAPE OF AREA - - . A

< ALLOCATION FOR BUILDINGS AND MAIN EQUIPMENT Wlth _a prellmlnary faCIIItIeS IayOUt

4 PLAN FOR ROADS, RAILS, CONVEYORS, UTILITIES |ndlcat|ng:

o STORAGE AREAS FOR MATERIALS AND PRODUCTS

< OFFICE AND SERVICE BUILDINGS AND AREAS

# ENVIRONMENTALLY SENSITIVE AREAS e Sijze and shape of area: The
FUTURE EXPANSION . . . .

= configuration of a particular site

BASIS FOR ESTIMATING: may involve unfavourable

4 COST OF LAND - .

«» BUILDINGS AND CIVIL WORKS Comp_ror:nlses ) Wlth regard to

+ OUTDOOR WORKS positioning project functions.

% OPERATING COSTS FOR IN-PLANT TRANSPORT AND H HH H
CEMMUNIGETIENS J Allopatlon for buildings and main

equipment

Plan for roads, rails, conveyors, utilities

Storage areas for materials and products

Office and service buildings and areas

Environmentally sensitive areas: Sites can have sensitive environmental
areas such as wetlands or natural habitats for endangered species that may
involve additional costs for mitigation. In other cases development on such
areas may be prohibited.

e Future expansion: A growing business should plan on additional space for
building plant extensions or other add-on facilities.

The layout is the basis for estimating and comparing costs for each site alternative:

e Cost of land: The price per acre or hectare should be considered in
conjunction with site preparation costs. The total land cost is really the
acquisition cost plus the cost of preparing it for the plant construction.

e Buildings and civil engineering works: The differential costs among
potential sites should be taken into account in the selection, as mentioned
above in conjunction with acquisition cost. Some examples of engineering
calculations are shown in Site Engineering Examples.

e Outdoor works: Utilities may be available at the site from public sources
and consequently would not require investment by the project, e.g power,
natural gas, water mains. Some sites would require either installation by the
project or extension of existing public utilities with the cost of extension
borne by the project, e.g. power transmission lines from existing substations.

e Operating costs for in-plant transport and communications: The site
configuration, particularly land contours and shape of the lot, can affect
transport and handling costs. Communications may be affected by other
wireless communications facilities in the area.
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SITE SELECTION PROCEDURE

SITE SELECTION
PROCEDURE

Describe specific process
requirements: How does the production
process affect site requirements? Are
there significant geographic or climatic
factors that differentiate potential sites?

% DESCRIBE PROCESS REQUIREMENTS Are the contours of the land important,
+ DETERMINE PRELIMINARY SELECTION CRITERIA H H H
Bitlaieatdsmiman e.g. in terms of _usmg_natural gravity as
< IDENTIFY ALTERNATIVES SITES opposed to pumping fluids?

- DEVELOP PRELIMINARY FACILITIES LAYOUTS
- ESTIMATE DIFFERENTIAL COSTS OF SITE

& BAS???JRAT_T?E;NICDEOSERaEE#f—CR|TERIA anaLysis| Determine preliminary selection

= ; z ; = criteria: All desirable features of the site

should be listed on a preliminary basis,

e.g. infrastructure  capacities,  size,

accessibility. Some of the criteria may have to be changed if such sites are not
available or if subsequent steps in the analysis eliminate or add to criteria.

&

Identify priorities: Priority indicators should be assigned to each criterion. These
can be indicated by a numerical scale, say 1 (most important) to 10 (least
important).

Identify alternative sites: For each a preliminary facilities layout should be
prepared to show how project functions will be located and their relationships. This
type of analysis is similar to that described for the plant design. Sites will normally
differ in regard to how each can accommodate the ideal functional relationships.

Estimate differential costs of site preparation and operations: With one site
used as a base, the relative, or differential, costs of site preparation and operations
should be estimated. Another approach is simply to compare the total costs.
Operations costs may be site-dependent in terms of utilities and services or
functional relationships.

Base final choice on multi-criteria analysis: The weighted point system
approach described for location choice can similarly be applied in the selection of
site. Whether the analysis is performed formally or informally all criteria and
priorities should be considered simultaneously so that all factors are given
appropriate weight in the final decision.

For further discussion see More on Site Selection.
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ESTIMATE OF SITE INVESTMENT COST -
CIVIL ENGINEERING WORKS

Item of materials and services: A

ESTIMATE OF SITE INVESTMENT COST listing of all items and services needed to
CIVIL ENGINEERING WORKS completed prepare the site for
LIST [+ MATERIALS AND SERVICES ITEMs | construction of plant, buildings and other
% CODES | facilities should be prepared showing the
¢ QUANTITIES | Code number, Quantity, Unit, Price and
4 UNIT COSTS | .
% LOCAL AND FOREIGN EXCHANGE | Currency (local or foreign exchange).
<+ TOTAL COST |
APPLY TO Some of the cost elements to be
considered for inclusion in the final cost
# SITE PREPARATION & DEVELOPMENT . - o
% BUILDINGS & CIVIL WORKS estimates for site development and civil
# OUTDOOR WORKS ] works are as follows:

Site preparation and development:

Relocation of existing structures, pipes, cables, power lines, roads, etc.
Demolition and removal of structures and foundations.

Wrecking, grubbing.

Site grading, cutting and filling.

Drainage, removal of standing surface water, reclamation of wetlands, etc.
Diversion of streams, dams, etc.

Utility connections: electric power (high, low voltage), water (process,
drinking water), communications (telephone, radio, satellite, etc), roads,
railway sidings.

Other site preparations and development work.

Temporary work for plant construction (site overheads).

Buildings and civil works:

Excavation, concrete works, bricklaying, waterproofing, masonry, roofing,
steel sheet works, etc.

Finishing: masonry, carpentry, steel works, plaster, joinery, glazing, tiling,
flooring, asphalting, parquetry, paving, wall papering, painting, etc.

Technical installations: Heating, ventilation, air conditioning, plumbing, gas,
power current, and low-tension current.

Special civil engineering, e.g.: pile foundations, soil consolidation, drainage
ramps, chimneys and stacks, foundations for heavy equipment

Facilities for: steam, hot and cold water, air purification, high and low
voltage currents, emergency power, storage tanks for fuel, filling stations,
communications, fire fighting, compressed air, pneumatic systems, elevators,
cranes, kitchens, laundries, laboratories, etc.
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Outdoor Works:

e Utility supplies and distributions: water, electricity, communications, steam,
gas.

e Emissions handling and treatment: electrostatic precipitators, cyclones,
sewage systems, oil and grease separators, pumping stations, screw
conveyors, treatment plants, waste storage pits, refuse treatment plants,
others.

e Traffic installations: yards, roads, paths, parking areas, railway tracks sheds
for bicycles, traffic lights, outdoor lights, etc.

e Landscaping: trees, plants, grass, water basins, others Fencing: fences,
walls, doors, gates, barriers, security installations, others.
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ENVIRONMENTAL ANALYSIS

The environment of an investment project
consists of the land, air and water bodies
in the vicinity of the project, the flora and
fauna that inhabit the surroundings, and
the social, economic and political systems

ENVIRONMENTAL in which people function. How the project

interacts with these surroundings usually

ANALYSIS has an important bearing on its success.

Investors are well advised to take a pro-

active stance in regard to the environment

of an investment project. The point has

been presented earlier that an enterprise
is like an organism striving for survival and growth in an environment. The ideas are
drawn from biology and ecology, but are apt for the investment community. When
promoters and investors take a pro-active stance they are more likely to avoid
problems of interaction with the surroundings and the project later on, when
attention is needed to bring the project to fruition and operation.

It should be recognized that the creation of a new production entity changes to the
status quo. These changes that are a consequence of its presence will likely be
accepted if they are perceived as having a positive impact upon the economy and
the health and welfare of the surrounding community. The project designers should
invariably undertake some form of environmental analysis, even if it is informal and
unsophisticated. The study should consist of an inventory of the surroundings
without the project, the impacts of the project and any mitigation measures that
may be needed to control or limit impacts. In many areas regulatory or statutory
requirements can guide the analysis of the impacts.

An important part of the environmental analysis is keeping abreast of the ideas and
concerns of surrounding inhabitants and other organizations. When people are kept
aware of what is going on they are more likely to act cooperatively. Unexpected
changes are threatening, and in some instances can lead to litigation that ties up a
project indefinitely.

Better to anticipate how to deal with these issues constructively. This can lead to
efficiencies, for example, in the use of materials, and cooperative coexistence with
the surrounding community.
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ENVIRONMENTAL PROTECTION IN INDUSTRY

Anticipating environmental impacts of the

ENVIRONMENTAL PROTECTION IN

INDUSTRY project in all its phases (planning,
T T, construction and operations) can be
& Longlasting pror planned beneficial to an investment project,
: ;r:t:"llgl:;?i?::or;::::;:lr;}gdsslgn_ leading to improved and more efficient
Eo LI B e products that will have better acceptance
TECHNOLOGY SELECTION: . R
% Material- and energy-saving lechnology N the market, and to Operatl ng

'Clean'te:nnologle: . . - .y

WA TR OTIERZATION: eff|C|enf:|es that can have positive effects
- Conversion of waste on proﬁts
<« Meulralization of waste
WABTE. Q]SPDS.&L:
> ok Product design: A product known for its
> Inocomon reliability and ease of maintenance will

often be well received in the market.
Knowledge of high early failure rate for a product quickly spreads. Products can be
designed that are long-lasting (minimized planned obsolescence). Increasingly
consumers are looking for products that are designed for recycling. In some
countries recycling is mandatory and these requirements will spread, as disposal
sites become more difficult to find. Material and energy-saving designs and use of
environmentally benign materials can also be used in the marketing program as
more people become aware of environmental issues.

Technology selection: Clean technology can prove to be profitable. If a process
has large amounts of waste and high rates of emissions it is obvious that much
material is being purchased that does not get into the revenue stream. Often there
are opportunities to clean up the process and improve profits at the same time. A
bag filter system installed on a smelter not only cleaned up the environment (to the
great benefit of the community and its workers) but had a payback of only 2 years.
Material- and energy-saving technologies can not only keep the environment clean,
but can also improve profitability.

Waste utilization: In some instances wastes can be converted into useful
products. For example, slag from smelting processes can be used in manufacture of
cement-based building materials. If wastes are discharged onto lands or waterways
they can often be neutralized to minimize the adverse impacts.

Waste disposal: The most advantageous approach to waste disposal is to
eliminate waste where possible. If waste is not generated, the problem of its
disposal does not exist. Disposal of many waste materials is becoming increasingly
problematic and costly. Better to eliminate materials from the waste stream where
possible, rather than seek means and sites for disposal.

Some approaches to waste disposal are based upon the concept of dilution.
However, this approach can be problematic as more information becomes available
concerning the effects of small levels of pollutants. A better approach is to seek
ways to eliminate or contain the pollutants so that they are not recognized as a
problem in the future.

Waste storage only postpones the problem, and increases risk of contamination
from spillage and other types of mishaps.

Incineration is also becoming increasingly suspect as environmental authorities
enact more stringent regulations on air emissions. Burning does not eliminate the
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waste, but rather spreads it over a wider area. Some of the combustion products
may be more noxious than the original waste. There is also the problem of disposal
of ash and other residues, which may be highly contaminated from concentration of
unburned constituents.

ENVIRONMENTAL ISSUES

Environmental issues to be addressed in

ENVIRONMENTAL the project design can be identified as
ISSUES follows:

% ENVIRONMENTAL AND SOCIO-ECONOMIC Environmental and socio-economic
CONDITIONS AT THE PROPOSED PLANT SITE? g -
conditions at the proposed plant site?
% EFFECTS OF PROJECT ON THESE CONDITIONS? The process of environmental assessment
is first to understand the prevailing
% ECOLOGICAL IMPACTS ACCEPTABLE UNDER - . : S
EXISTING ENVIRONMENTAL REGULATIONS? conditions at the site of the project in its

absence. These are the conditions that
prevail at the site and its surroundings -
the status of ecological, economic and
social systems.

% EXTRA - REGULATORY IMPACTS ACCEPTABLE
SHORT AND LONG TERM?

Effects of project on these conditions? The project facilities and operations are
conceptually superimposed on the conditions at the site and surroundings to
understand the environmental consequences. This is the incremental effect or
impact, the difference between the environmental situation with and without the
project.

Ecological impacts acceptable under existing environmental regulations?
The impacts are considered in regard to existing statutory and regulatory
restrictions. Any impacts that exceed such guidelines obviously should be eliminated
or mitigated in the project design.

Extra - regulatory impacts acceptable short and long term? If the impacts are
recognized as potentially harmful to the environment and appear to be significant,
even if statutes or regulations do not currently exist, it is prudent to avoid creating
environmental hazards that may be recognized as potentially problematic in the
future.

TERMINOLOGY OF ENVIRONMENT IMPACT ASSESSMENT

Environment: Habitats of humans, flora

TERMINOLOGY OF and fauna and their interactions with the
ENVIRONMENTAL IMPACT ASSESSMENT et Nyt e 1o N B AL region.
(EIA)
+ ENVIRONMENT Ecology: The study of relations between
& ECOLOGY organisms and their environment. In the

human context it is generally considered
to have environmental, social and
economic dimensions.

< ENVIRONMENTAL IMPACT
% ENVIRONMENTAL IMPACT ASSESSMENT (EIA)
< ENVIRONMENTAL IMPACT STATEMENT (EIS)

% PRELIMINARY ENVIRONMENTAL EXAMINATION
(PEE)
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Environmental impact: The effect on the status of the environment from human
activities.

Environmental impact assessment (EIA): The study of the change in the
environmental status as a consequence of the project, the ‘with’ and ‘without
project’ situations, and assessment of their significance for the existing
environment.

Environmental impact statement (EIS): A report based upon the EIA that
presents the final status of the environmental impacts, a description of mitigation
and other measures, and the situation taking into account such measures.

Preliminary environmental examination (PEE): A preliminary EIA to identify
aspects of the environment that are unaffected by the project and those for which
further study is justified.

CLEAN PRODUCTION

What is ‘clean production’? According
to the UN Environmental Programme
(UNEP): "Continuous application of an
integrated preventive environmental

CLEAN PRODUCTION

% CLEAN PRODUCTION (UN Environmental | strategy to processes and products to
Programme): .
reduce risks to humans and the
“CONTINUOUS APPLICATION OF AN INTEGRATED H " H - e
PREVENTIVE ENVIRONMENTAL STRATEGY TO environment”. This defm'_tlon of clean
e e AT e v orE = | technology focuses on the risks to humans

and the environment. An investment
project’s objective of satisfactory return
on investment is generally advanced with
a design that is environmentally benign
and efficient in the use of non-renewable
resources for which costs will escalate as economies and populations expand.

“+ GROW FIRST AND CLEAN UP LATER?

% CLEAN TECHNOLOGY IS GOOD BUSINESS

Grow first and clean up later? "The difficulties of starting an industrial
investment project are formidable. Rather than spend a lot of time and resources
dealing with plant emissions that have noxious effects on the surrounding
environment, these problems can be resolved later, after the enterprise has had an
opportunity to ‘get off the ground™. This might be the position of project sponsors,
but is it a prudent approach?

Allowing environmental problems to get out of hand can have a high cost. The costs
of cleaning up later can be much greater than the differential costs for a clean
technology. Even if the project’'s adverse impacts on the environment are not
regulated, at some point tighter controls will likely be imposed when the problem is
better understood by the surrounding community and the political authorities.
Ecological damage and adverse health impacts attributable to the project’s
operations will ultimately have its economic consequences; the enterprise will
probably have to pay the bill. ‘An ounce of prevention worth a pound of cure’.

Clean technology is generally good business. It is prudent for project planners
to utilize a technology that is non-polluting. Not only will this policy have dividends
for the project in terms of its image, but it is often sound business practice as
materials and energy are conserved as resources do not enter the waste stream.
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Efficient use of inputs reduces operating costs and avoids treatment and disposal
costs.

ENVIRONMENTAL IMPACT ASSESSMENT (EIA)

EIA should be undertaken by the project
design team, whether or not statutory or
regulatory constraints are imposed. It can
be relatively informal when guidelines do
not exist, but the objective should be to
anticipate and avoid environmental
< PERFORM BASELINE STUDY, ENVIRONMENTAL STATUS QUO problems_ Add|t|0na| details on EIA are

4 INCREMEMNTAL EFFECTS ON HUMANS, FLORA AND FAUNA provided in EIA Methods
< INDIRECT INFLUENCES ON ENVIRONMENT

ENVIRONMENTAL IMPACT

ASSESSMENT
< MATERIAL FLOW BALANCES (QUANTITIES, QUALITIES)
&+ OTHER OFERATIONAL IMPACTS

4 LEGAL AND REGULATORY BASIS FOR EVALUATION

B IGATIAISASHRES Material flow balances (quantities,

i COS TORNERIEARALNSIS qualities): Define  the  production
¢_DEVELCE SNVIRGNMENTAL ELAN program and material flow balances

(quantities, qualities). This is a good
starting point as all of the inputs and outputs are identified, including emissions of
fluids, solids, gases, noise, light and other radiations.

Other operational impacts: These include plant emissions and other impacts such
as esthetic, cultural, economic, social.

Legal and regulatory basis for evaluation: Determine what statutes and
regulations apply to emissions and other impacts on the local environment.

Perform baseline study, environmental status quo: This study should cover
the existing natural setting, describing flora and fauna and their habitats, the
human situation with regard to populations, living conditions, culture, social and
economic systems.

Incremental effects on humans, flora, fauna: This covers the impact of the
proposed technology on humans, flora and fauna in the surrounding community, the
changes in the environmental situation with the project in place as compared with
the situation without the project.

Indirect influences of project on the environment: These are impacts that are
not directly related to project operations, but that are connected either economically
or technologically. Economic ties would involve other economic entities such as
upstream and downstream enterprises. Technological impacts cover secondary and
tertiary effects, e.g. the impact of soil contamination resulting from project
operations on agriculture or recreation in the area.

Consider mitigation measures: Abatement and/or control of adverse
environmental impacts should be included in the project plan in accordance with
statutes, regulations and prudent business practice. Even if the impacts are
acceptable to the regulating authorities, or if regulations do not exist, it is prudent
for project designers to try to anticipate what regulatory measures might be
enacted in the future and what the consequences will be if emissions from the
project prove to be harmful to the surrounding community. Mitigation measures
should be considered to reduce emissions to acceptable levels.

95



Perform cost benefit analysis including monetized and qualitative
environmental impacts: A cost-benefit analysis of the project should ideally be
performed, using economic (shadow or accounting prices) for all inputs and outputs,
including externalities to the extent practicable expressed in monetary terms. Some
of the non-monetary impacts can be analyzed quantitatively and integrated into an
economic cost-benefit analysis.

Some impacts are non-monetary and not amenable to monetization (some may be
otherwise quantifiable, e.g. the number of specimens of a species affected by an
impact). The degradation of non-edible species habitats is not easily expressed in
monetary terms. Such effects as aesthetic degradation or infringement on cultural
patterns are similarly not easily expressed monetarily. These effects can only be
treated qualitatively. There is much literature on the subject.

This will not be practicable for small projects, but should be performed at least
qualitatively when the environmental or other external impacts are significant.

Develop environmental plan: This is an action plan that covers design aspects,
including mitigation measures, and how the external impacts will be managed. For
example, if the project requires displacements of population segments, plans for
relocation should be developed to minimize adverse consequences. If habitats of
local flora and fauna are to be protected, systems for such protection should be
defined and the means of implementation described.

EIA AND FEASIBILITY STUDY

EIA and FEASIBILITY STUDY Environmental impact assessment should
TR T proceed in parallel with other aspects of
[ | o project development.

PEE should be performed in conjunction

o | 3 . I .
ASSTSSuINT ATOUAED s At o | With pre-feasibility or preliminary techno-
= economic study. This preliminary, but
N e * s T comprehensive, picture of the project
SR should be the basis for project screening,
e herours <wme>  the point at which promoters decide to
PREPARATION OF THE S~
INPACT STATEMET (E15) proceed to further study and development
X or to put it aside.
-

If appropriate, EIA should be performed in parallel with a feasibility study. If no
significant environmental impacts have been identified in the PEE, the approval
process would proceed without reference to environmental matters. If EIA is
performed, the final decision should rest on the results of both the techno-economic
feasibility study and the EIA. In this case and EIS (statement of impacts and
mitigation measures) should be part of the foundation for the investment decision.

Some impacts are non-monetary and not amenable to monetization (some may be
otherwise quantifiable, e.g the number of specimens of a species affected by an
impact). The degradation of non-edible species habitats is not easily expressed in
monetary terms. Such effects as aesthetic degradation or infringement on cultural
patterns are similarly not easily expressed monetarily. These effects can only be
treated qualitatively.
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BASIC STRUCTURE OF EIA

The basic idea of EIA is shown. There is
BASIC STRUCTURE OF EIA an gxisting environment. This should be

studied and understood to the greatest
extent practicable. The project is imposed
on the environment. Its impacts should be
studied and understood. Based upon the
nature of the impacts, regulatory
e i ! it ~___ requirements, and good business sense, it
* IMPACTS ~DURING EACH PHASE (planning.| mgay be necessary to plan for mitigations
implementation, operations, decommissioning): Linkages of . . .
project with natural and socio-economic environment of the impacts. This could involve changes
in physical designs, systems designs,
operating procedures or installation of
capital facilities to limit or control impacts.
Capital and operating costs could be affected.

*« RECURRING AND NON-RECURRING EFFECTS

The environment with control and mitigation measures in place should be defined.
This is the basis for the EIS, a statement of the environmental problems and how
they will be addressed by the enterprise. The EIS includes an environmental
assessment and also the effects of mitigation measures proposed by the project.

The necessary measures will usually differ for each project phase (planning,
implementation, operations and decommissioning). Some effects are recurring
(more or less continuous) and others are one-time effects such as those that occur
during construction.

EIA PROCESS

Environmental Impact Assessment (EIA)
commences when the project s
tentatively approved in the initial
screening and there appears to be prima
facie evidence of environmental concerns.
The diagram shows the process of
formulation and approval of EIA and EIS.
This activity should be parallel with the
techno-economic study of the project. In

some cases they will actually merge into
PROJECT IMPLEMENTATION one study.
!

PROJECT OPERATION

| oosrerormminon As a general rule, the public - residents of
the surrounding community - should be involved in the process as early as possible.
In the diagram public intervention is indicated during the initial scoping and
negotiations on environmental design factors resulting from EIA. Public hearings in
which residents of the area, political representatives and others are permitted to
speak on these issues should be held at virtually every major step in the process.

Early commitment and actions by project sponsors to follow good environmental
practice will usually have beneficial consequences in terms of community support
and customer relations.
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PEE scoping: Preliminary Environmental Examination (PEE) is the process of
performing a preliminary survey of conditions at the site and identifying areas of
potential environmental concern. It is ideally carried out by a multidisciplinary
group, with members in the areas of ecology, sociology and economics, but the
effort has to be consistent with the magnitude of the project. The result of the
scoping effort may result in a decision to prepare terms of reference for a consultant
to perform EIA.

Full E1A: If conditions warrant, a full EIA is performed, as described previously. The
results of the study are subject to negotiation with regulatory authorities and public
interest groups covering design and operational features and relations with the
surrounding community.

Project design, implementation and operations: The design and project
implementation include features that were negotiated during the environmental
assessment process. During implementation and after commencement of operations
the actual environmental consequences of both project phases can be monitored.
The analysis of field data may lead to an obvious need for design modifications or to
further study.

EIA ACTIVITIES

EIA should be considered a scientific
activity in the sense that objective
observation and interpretation should be
the rule. The scientific process is more or
less as follows:

EIA ACTIVITIES

» DESCRIBE

+ MEASURE

% ANALYZE

< INTERPRET

» EVALUATE

< COMMUNICATE

Describe: These are recorded data or
observations of the environmental
situation, described in objective terms.

Measure: Measurement is an
indispensable part of the scientific
method. Only what can be measured,
according to some experts, can be understood to any significant degree. However,
aspects of the environment that can not be quantified can at least be ‘measured’
qualitatively.

Analyze: The measured information is entered into models representing the
operative systems in the environment. According to the nature of the model, the
‘inputs’ produce consequences, or ‘outputs’.

Interpret: The results of analysis are subject to interpretation. No model
represents exactly the physical, social and economic environment. What the results
of analysis mean in the project context is best determined by experts in the field.

Evaluate: Are the consequences acceptable, or manageable?

Communicate: The results of analysis must be communicated to decision-makers
and their constituencies in an understandable manner. This should be achieved in
the ‘full light of day’. Results of analysis that may be unfavorable for the project, if
not communicated directly, will probably surface at a later time, when management
of the situation may be more difficult.
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EXTENT OF ENVIRONMENTAL IMPACTS

Depending upon the nature of the project,

EXTENT OF ENVIRONMENTAL EIA may extend to local, regional or even
IMPACTS global dimensions. For massive projects
international finance organizations might
% LOCAL insist upon an assessment extending to

‘QEJTCOEE;LT'C‘::;::'TE global dimensions. Assessment may be
limited to the production site and the

+ REGIONAL
_ DOWNSTREAM surrounding areas for relatively small
~ LEEWIND DIRECTION projects. Assessment for intermediate

|+ GLOBAL sized projects may extend to the region,
:ggﬁ::”ﬁﬁ particularly in those areas and directions

where pollutants will spread naturally.
Local: Conditions at the production site, and perhaps to impacted adjacent areas.

Regional: Of particular concern are activities that are downstream of the project,
where effluents might affect water quality, and in the leeward direction where
particulate matter and gases emitted by the project would tend to flow. Some
emissions, e.g. radiations, are omni-directional.

Global: For large projects impacts on the atmosphere and oceans might be of
concern. A project releasing large quantities of greenhouse gases, for example,
would be of concern beyond the borders of the host country.

EIA METHODS

A number of mechanisms have been used
widely to facilitate EIA. These devices are

EIA METHODS intended to present information in an

orderly manner so complex relations can

e be comprehended. More detailed
% ADHOC description of IEE and methods of
: ;:ETET;SSTS performing EIA for non-quantified impacts
& OUER N are described in the file EIA Methods. An
+ NETWORKS example of an Environmental Impact
+ EXTENDED COST- BENEFIT ANALYSIS Assessment for an aluminium smelting
< MODELING AND SYSTEMS ANALYSIS plant is provided in the two files Case-

Environment: Problem and Solution. (see
Related Documents)

Ad hoc: Methods that have been developed for a special or particular purpose, with
no general applicability. For example, if a rare or endangered species is found in the
area, study of its habitat may special methodologies.

Checklists: A number of checklist types have been employed, increasing in
complexity of data collection. In each case the environment is examined and
appropriate data entered into the checklist.
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Simple: A listing of environmental parameters

Descriptive: (1) + guidelines to measure parameters

Scaling: (2) + information on subjective scaling of parameters
Scaling-weighting: (3) + information on subjective evaluation of each
parameter with respect to other parameters

Questionnaire: (1) + linked questions

Evaluation system: More advanced checklist, with models for scaling and
weighting.

bl el e

SN

Matrices: A simple interactive matrix has a horizontal list of project activities and a
vertical list of environmental parameters. The environmental impacts for each
project activity are noted. Activities can be isolated temporally (by project phase) or
by function. A quantitative graded matrix is similar to a simple matrix but with a
grading system for the magnitude and importance of the impact.

Overlays: Maps of the project area with a series of transparent sheets (overlays)
showing characteristics common to all areas.

Networks: Data structures showing primary, secondary and sometimes tertiary
levels of impacts.

Extended cost benefit analysis: Includes assessment of environmental costs and
benefits with some of the impacts monetized. Some health and transportation
impacts have been treated in this way.

Modelling and systems analysis: A model is a simulation of the environment
based upon principles of the biological and social sciences. The ecological system is
defined qualitatively and quantitatively. Environmental disturbances are
superimposed on the model to determine their impacts.

OVERLAYS

OVERLAYS "'.‘ Overlays are basically maps showing

significant natural resources in the region
and on which impact footprints from the
proposed project sites are superimposed.
Overlays are wusually in the form of
transparencies set over an underlying
map of the area that resources and
impacts can be seen simultaneously.

0]  PROJECT ACTIVITY FOOTPRINTS )

[] WwWATERSHED Natural resource overlays can include
[ PRIME AGRICULTURAL LAND aquifer recharge areas, watersheds and
[ ] BULT.UP AREAS waterways, forests, agricultural land,

species habitats, etc. Other overlays can
show human activities such as high density housing. These overlays help to depict
the impact areas on natural resources and human activity.

In the illustration the ‘footprints’ or impact areas for project activities might be
included in one overlay, with watersheds, prime agricultural land and built-up or
densely inhabited areas shown on separate overlays.
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NETWORKS

CONSTR.

REFINING

A network is a data or information
structure that presents environmental
impacts in a systematic manner. The

network can contain primary, secondary
or even tertiary levels and beyond.

In the example shown, the project is
decomposed into activities. A separate
network can be prepared for each project
phase (planning, implementation,
operations, decommissioning);
alternatively the project phase can be at
the primary level with activities at the

secondary level. Activities may be further decomposed into sub-activities. At some
level the environmental features that are impacted by the activity are indicated.
This provides a graphical breakdown of all of the environmental issues that should

be addressed.

COST EFFECTIVENESS OF EIA

COST EFFECTIVENESS OF EIA

100%

BENEFITS OF EIA
8
R

20% COST OF ElA

For the project designer the effectiveness
of resource utilisation is always of
concern. In the case of environmental
impacts, at first glance there appear to be
only costs and little benefit, although
further analysis may reveal a quite
different picture.

However, environmental overkill is always
a danger. There are diminishing returns as
the depth of the analysis increases. In the
illustration 80% of the benefits of analysis
are realized with 20% of the costs that

could be expended if the study continued to indubitable completeness. The study
should be complete, but no physical system, and particularly a natural system, can

be completely known.
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IMPLEMENTATION PLANNING AND BUDGETING

During the planning stage, before the
commitment to invest, a preliminary
implementation plan is useful to the
analyst and stakeholders for costing
purposes and to examine issues

IMPLEMENTATION associated with building the plant -
PLANNING AND quantities and timing of material,
BUDGETING personnel and financial needs to carry out

the implementation. This plan can does
not require the breadth and depth of
detail of the post-decision plan, but should
be sufficiently accurate to predict timing
of major activities and events, as a basis

for financial planning and negotiations.

To bring the project to fruition after a go-ahead decision has been reached requires
creation of an implementation management organisation, which would initially
consist of a core group - a project manager and support staff - to develop a Project
Implementation Plan (PIP). The plan derives from the techno-economic feasibility
study in which the basic project parameters are defined. Once the plan is reviewed
and accepted by the project sponsors, the implementation team can be filled out.

The PIP covers preparation of the site, construction of all facilities, installations,
start-up and commissioning. The timing and interrelations of all activities and
events necessary to complete the project are included, with phasing of personnel
and material resources and funding.

The implementation of the project includes preparation of the site, construction of
all facilities and start up and commissioning of the plant. The project
implementation must be planned in detail after the commitment to invest. In the
planning stage a preliminary implementation plan is necessary for costing purposes
and to examine the needs for materials, equipment and personnel to carry out the
implementation.

ESTIMATE OF INVESTMENT COST - PROJECT IMPLEMENTATION

The costs associated with management of
implementation should be added to the
investment in plant and machinery. These
costs may be in addition to the

ITEM (Number, Quantity, Unit, Local/Foreign)

= UNIT COST (Local, Foreign, Tolal) | construction costs previously discussed.
MAHAGEMENTEOE PROJECTEMELEMENTATION An alternative to the method previously
ENGINEERING: DETAIL DESIGN, TENDERING . R
SUPERVISION, TEST RUN COORDINATION suggested of assigning all resources to the
RECRUITMENT AND TRAINING OF STAFF AND LABOUR - . .
PROCUREMENT OF SUPPLIES jobs, and then calculating the project cost
Napplbilis il as the sum total of the cost of all the jobs,
TAKE OVER OF CIVIL WORKS, EQUIPMENT AND PLANT |S the usual procedure of Iistlng the
CAPITAL ISSUE EXPENSES R .
FINANCIAL COST DURING CONSTRUCTION resources by item, unit cost and total cost
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and then summing them. The disadvantage of relying solely on this method is that
the timing, which is important for financial issues, is not included.

In any case, it is necessary to include the cost of all resources utilized during the
construction phase. This applies to all the necessary activities project construction
and the ancillary activities that are necessary to bring the enterprise to operating
condition. Some of these costs are as follows (if not covered elsewhere):

Management of project implementation

Engineering: detail design, tendering supervision, test run coordination
Recruitment and training of staff and labour

Procurement of supplies

Marketing system development

Develop business connections

Take over of civil works, equipment and plant

Capital issue expenses

Financial cost during construction
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EXERCISE
TECHNOLOGY CHOICE

Problem Statement

The Tropical Fruit Company is contemplating expansion of their juice packaging line.
Two alternatives are being considered, a Retort/Pouch System and a Canning Line. It is
anticipated that the useful life of each line will be 10 years.

Both lines must be imported. The canning line is available from a country in the region
that has recently industrialized while the retort/pouch line must be imported from an
industrialized country. Both must be paid in foreign exchange.

Cans are available domestically but are produced from imported tinplate which
constitutes about 60% of their cost. Pouches must be imported at present but there is a
possibility that a local manufacturer will soon begin production. It is expected that the
price of the plastic pouches will reduce at an average of 5% per annum, as the
projected increasing demand will permit economies of scale. The foreign component of
pouch cost is expected to be 30%. All other inputs and investments are domestically
produced and the increased availability of these inputs and investments are attributable
to this project. This implies that they all contribute to domestic value-added..

The Development Finance Corporation that is considering support for this project is
concerned with the foreign exchange effect, job creation and the most efficient use of
scarce capital resources. There is also concern for the demands on the power grid as
shortages have been recently experienced due to maintenance problems at the
hydroelectric plant and low levels of water in the reservoir.

The opportunity cost of capital in real terms is 10%.

CANNING LINE

SYRUPER

CAN
CLOSER

FILLER PACKING

l FILLER I

FILLER

SYRUPER

RETORT-POUCH SYSTEM

FORM, FILL, SEAL BATCH RETORT DRYERS CARTONER

8 UNITS 4 UNITS ‘ ‘ 6 UNITS

Some of the features of each system are as follows (note that the original data is
altered for purposes of this exercise). The project is to be constructed in one year and
planning should cover 10 years of operations.

' This assumption concerning other inputs contributing to domestic value-added are simplified for the
purposes of this exercise. Ordinarily there would undoubtedly be imported components if the other inputs
were properly decomposed into domestic and foreign content.
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CAPACITY, INVESTMENT - (Costs in US$ thousands)

DESIGN CAPACITY 360 packages per hour
SHIFTS — 2 16 hours/day, 250 days per year
INVESTMENT COSTS, Foreign exchange
CANNING LINE 690
RETORT/POUCH 1350
OTHER INVESTMENTS, Local currency 800
AVERAGE EXPECTED REVENUE, per annum 990

OPERATIONAL DATA:

CANNING RETORT-POUCH
Number workers per shift 3 7
Electricity Kwh per shift 92.95 1601.9

ANNUAL OPERATION COSTS (US$ thousand), 2xxx

RETORT-POUCH CANNING EST PRICE CHA;NGE
per annum, %
Labour 15.50 7.50 0.00
Electricity 30.97 1.80 4.82
Cans - 115.20 3.23
Pouches 171.36 - -5.00
Thermal energy 4.06 3.74 4.82
Transport 223.6 317.0 4.85
Other 10.00 100.00 0.00

Which alternative should be selected?
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EXERCISE
TECHNOLOGY CHOICE
Fruit Packaging Case

SOLUTION

Table |1 shows the comparison between the cash outflows for the two systems of
production assuming a 10 year project life after a one year construction phase. Table Il
shows a financial and economic comparison of the two alternative technologies. Figure 1
shows the Present Value of costs for each alternative vs. discount rate.

RELATIVE ANALYSIS:

Figure 1 shows that the Retort-Pouch (RP) system has lower present value of costs for
any discount rate below about 17%. With the hurdle rate at 10% RP shows lower costs.
The Net Present Value (NPV) at the hurdle rate also favours RP. Other advantages of RP
are as follows: Lower investment per worker (about 38%), lower cost of imported
materials and higher overall value-added (assuming only imported inputs based on year
5). The cost in foreign exchange is considerably lower, either on a total impact basis or
when discounted at 10%.

The Canning system (CN) shows some advantages when the project is regarded from
the national perspective. The use of electricity, of concern to the national authorities as
in short supply, is much lower for CN. Electricity consumption for RP is about 17 times
higher than for CN. The Value-Added per MWH of electrical energy is much more
favourable for CN by a factor of about 16.

By most criteria RP would appear to be the favourable alternative — higher return for
investors, lower foreign exchange costs and higher value-added. CN is the favoured
alternative mainly on the basis of its demand for electricity. The final decision would
have to be based on a formal or informal weighting of the relative benefits of each
alternative. The weighting system would be different for each type of participant. The
investor would undoubtedly weigh return on investment most heavily while the
regulators or licensing agents would place more emphasis on electricity consumption
and value-added.
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TABLE I: CASH FLOW - CANNING vs. RETORT/POUCH

CANNING

0 1 2 3 4 5 6 7 8 9 10
Investment, FE 690.00
Investment, Dom. 800.00
Raw materials 75.00 75.00 75.00 75.00 75.00 75.00 75.00 75.00 75.00 75.00
Packaging 115.20 118.920 122.76 126.73 130.82 135.05 139.41 143.91 148.56| 153.36
Labour 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50
Electricity 1.08 1.13 1.19 1.24 1.30 1.37 1.43 1.50 1.57 1.65
Thermal energy 3.74 3.92 4.11] 4.31 4.51] 4.73 4.96 5.20 5.45 5.71
Transport 317.000 332.37| 348.49 365.40 383.12 401.70 421.18 441.61 463.03 485.48
Other 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
TOTAL - CAN'G 1,490.00, 619.52] 638.85 659.05 680.18 702.26| 725.34 749.48 774.72] 801.11 828.70
RETORT-POUCH

0 1 2 3 4 5 6 7 8 9 10
Investment, FE 1,350.00
Investment, Dom. 800.00
Raw materials 75.00 75.00 75.00 75.00 75.00 75.00 75.00 75.00 75.00 75.00
Packaging 171.36 162.79 154.65 146.92 139.57] 132.60 125.97 119.67] 113.68 108.00
Labour 15.50 15.50 15.50 15.50 15.50 15.50 15.50 15.50 15.50 15.50
Electricity 30.97| 32.46 34.03 35.67 37.39 39.19 41.08 43.06 45.13 47.31
Thermal energy 4.60 4.82 5.05 5.30 5.55 5.82 6.10 6.40 6.70 7.03
Transport 223.60) 234.44 245.82 257.74 270.24) 283.34 297.09 311.49] 326.60 342.44
Other 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
TOTAL 2,150.00f 531.03 535.02] 540.05 546.12 553.25| 561.45 570.73 581.11 592.62 605.28
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TABLE 11 - FINANCIAL AND ECONOMIC COMPARISONS - CANNING vs.

RETORT-POUCH

NET FLOW
REVENUE 0 990.00, 990.00 990.00 990.00 990.00 990.00 990.00 990.00 990.00 990.00
CANNING -1,490.00 370.48 351.15 330.95 309.82 287.74 264.66 240.52 215.28 188.89 161.30
RETORT-POUCH -2,150.00 458.97| 454.98 449.95 443.88 436.75 428.55 419.27 408.89 397.38 384.72
FOREX OUTFLOW
CANNING 690.00 371.71 383.31 395.43 408.11 421.35 435.21] 449.69 464.83 480.67| 497.22
RETORT-POUCH 1,350.00 159.31] 160.51 162.01] 163.84 165.98 168.43 171.22 174.33 177.79 181.58
NPV COSTS
DISCOUNT RATE 0.00 0.10 0.20 0.30 0.40
CANNING 8,669.22 5,265.14) 3,635.75 2,747.83 2,209.73
RETORT-POUCH 7,766.67| 5,057.08 3,714.48 2,953.38 2,472.72
DR, PERCENT 0.00 10.00 20.00 30.00 40.00
COMPARATIVE RESULTS RETORT/POUCH CANNING FAVORS
NPV COSTS AT 10% DISCOUNT 5,057.08 5,265.14 R/P
NPV AT 10% DISCOUNT 473.03 264.97| R/P
NPVR 0.22 0.18 CANNING
No. WORKERS 7.00 3.00 R/P
INVESTMENT/WORKER 307.14 496.67 R/P
OUTPUT, YEAR 5 990.00 990.00
DEPR. IMPORTED MACH. 135.00 69.00 CANNING
IMPORTED MATERIALS 41.87 83.74 R/P
VALUE ADDED 948.13 911.51 R/P
VALUE ADDED PER
UNIT INVESTMENT 0.44 0.61 CANNING
ELECTRIC DEMAND, MWH 800.95 46.48 CANNING
VALUE-ADDED/MWH 0.59 9.81 CANNING
FOREX COST 3,035.00 4,997.53 R/P
DISCOUNTED 10% 2,158.03 2,973.63 R/P
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FIGURE 1 : PRESENT VALUE OF COSTS -
CANNING vs. RETORT-POUCH SYSTEM

PRESENT VALUE OF COSTS,
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USE OF DYNAMIC MODEL TO DETERMINE
PRODUCTION SCHEDULE

A dynamic analysis of the production programme can be used to find the optimal
(least cost in this case) plan for the project. This type of model can be used when:

* Demand varies in each period
* Costs vary in each period

The type of model illustrated here is a recursive model, i.e., the computations start
from the first stage (period) and proceed to the last, with the optimal solution for
each stage depending upon the optimal solution for all previous stages and the
minimum cost function for the stage under consideration.

Variables:
Z; amount produced in period |
d; amount demanded in period |
Xi entering inventory for period |
h; holding cost per unit of inventory carried forward from period |

to period i+1
Ki fixed cost for period |
Ci(Z) production cost function given the value Z;

Stage - each period
State - entering inventory for period i+1

(same as ending inventory for period i)

The decision variable, as indicated above is Z;, the quantity to be produced in each
period i.

The function for determining minimum cost in each period is determined for each
possible state (entering inventory) in the subsequent period based upon the relation:

f,-(xi+1):m—m[Ci(Zi)+hi(Xi+1)+f,-.1(Xi-1+di'Zi)]

0SZ,‘£di+1

The last term is added for the minimum cost in the previous period corresponding to the
entering inventory of the current period. This derives from the continuity relationship:

X =xitzi-d;
Xi = (Xi+1+di_Zi)

For example, in stage (period) 2, if x3=4 d,=3 and z,=2, then

filxstda-z2)= f1(x2)=f,(5)

since x,;=(x;td;-z,)=4+3-2=5
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EXAMPLE OF DYNAMIC PRODUCTION PROGRAMMING:

Stage (period) Demand Fixed cost Holding cost
i di Ki h;
1 3 3 1
2 2 7 3
3 4 6 2

Ci=10z for 0<z<3
Ci=30+20(z-3) for z;2 4

Assume that the entering inventory in period 1 x;=1.

The fixed cost for each period K; is added to the variable costs, which depend upon z;
and X;.+1. In each of the following tables the values shown represent sequentially:

Ci(z) Production cost for period |
hi(Xi+1) Holding cost for inventory carried over to next period
Ki Fixed costs for the period |

fi.i(Xi+1+di-z)) Minimum cost up to and including the previous period based
on the current entering inventory
(determined from the continuity equation)

PERIOD (STAGE) 1: (In this case f_;=0)

(d/')C/)SZ/S(idi)')m
(Ydi)-x=(3+2+4)-1=8
0<v<3d =(4+2)=6
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C1(z4) 20 30 50 70 920 110 130 f1(x2) z,"
Xo h(Xz) Zl
2 3 4 5 6 7 8
o| o [29%0 23 2
+3
1| 1 30+1 34 3
+3
2| 2 50+2 55 4
+3
3| 3 70+3 76 5
+3
4| 4 90+4 97 6
+3
110+
5 5 543 118 7
130+
6 6 6+3 139 8
In the above table showing the minimum cost production levels in the first period for
the entering inventories of the next period x,, there is only one possibility for each value
because x; =1 and d; are constants, and
x2=xi1tzi-d;
=1+z,-3=z-2
PERIOD (STAGE) 2:
3
0<z,< Zdi =6
i=2
OSX.?S Z2 max-d2)26_2:4
Ca(22) 0 10 20 30 50 70 90 fo(x3) | 22"
X3 h(Xg) ZZ
0 1 2 3 4 5 6
0+0+7 10+0+7 | 20+0+
0 0 +55 +34 7+23 50 2
0+3+7 10+3+7 | 20+3+ | 30+3+
1 3 +76 +55 7+34 7+23 63 3
5 6 0+6+7 10+6+7 | 20+6+ | 30+6+ | 50+6+ 77 3
+97 +76 7+55 7+34 7+23
3 9 0+9+7 10+9+7 | 20+9+ | 30+9+ | 50+9+ | 70+9+ 100 5
+118 +97 7+76 7+55 7+34 7+23
4 12 0+12+7 | 10+12+ | 20+12 | 30+12 | 50+12 | 70+12 | 90+12 123 6
+139 7+118 +7+97 | +7+76 | +7+66 | +7+34 | +7+23
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In the cell for z,=0 and x3=0 (d,=2) for example,

xX3=x2Tz2-d>
x2=x3-z22td>=0-0+2=2

Silx2)=f,(2)=355
In the cell for z,=1 and x3=3:

x3=x2%z:-d>
X2=x3-z2td>,=3-1+2=4

Fi(x2)=1,(49)=97

PERIOD (STAGE) 3

0 S 23 S d3 = 4
0 S)C4SZ3 max'd3 :4'4:0
Cs(z3) 0 10 20 30 50 f3(X2) z3"
X4 ha(X4) Z3
0 1 2 3 4
0 0 0+0+6 10+0+ 20+0+ 30+0+ 50+0+6 99 3
+123 6+100 6+77 6+63 +50

The optimal (minimum cost) solution is determined by a recursive procedure as

follows:

fs(x4)=99

"
23:3

Three units should be produced in period 3. This implies that the entering inventory
for period 3, X3, (the final inventory for period 2) can be determined as follows:

X;=xstds-z3=0+4-3=1
For x;=1,z,=3
This means that 3 units should be produced in period 2. Then for period 1:
x2=x3tdr-z=1+2-3=0
For xZZO,ZjZZ
The optimal production programme is then:
21=2, z;=3, ;=3

Minimum cost = 99
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MATERIAL QUANTITY AND WASTE FACTORS

EXAMPLE: MATERIALS REQUIREMENT CONSIDERING WASTE FACTORS
Limestone requirements for cement production:
Nominal consumption coefficient: 1.28 Tons/Ton clinker

Based upon short rotary kiln/preheater technology (shaft kiln disqualified due to high
volatile content of available coal)

Waste factors (based upon process input) %

Clinker production and handling 5
Clinker grinding and packaging 2
Finished product waste 6

1.28

= = 1.46 Tons/ Ton cement
(1-.05)(1-.02)(1-.06)

ACC Actual Consumption Coefficient

Production programme: Maximum production 63,000 TPY

Year 1 2 3 4-15

% Full production 50 75 90 100

Limestone requirement,

Thousand tons per year 46 69 82.8 92

For example during the first year at 50% production capacity the production
requirement will be:

%
Limestone requiremen t = 63000 *0.5 = 46.0thousand tons per year
0.95*0.98 *0.94 *1000

The total materials requirement for each period will consist of the production (and
sales) requirement (including above wastes) plus any build-up of inventories, raw
materials, work in process and finished product.
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ORDER QUANTITIES

For the purposes of determining the best supplies programme, models can be
employed that minimize cost based upon usage rate and holding cost to determine
the optimal order quantity.

Single item static model: The objective is to find the Economic Order Quantity, the
size of procurements that will minimize the cost of the input item. The parameters
are set up and holding costs and consumption rate (quantity of item used in
production per unit time.

INVENTORY LEVEL

TIME

. 2Kp
Y 2\

y order quantity
K setup cost
[ consumption rate, €.g. units/month

h holding cost, e.g. storage cost per unit/month

Buffer stocks model: This model is similar to the first. There is a minimum level of
stocks required to assure continuity of production based upon the lead time for the
order. In the example the buffer is set at the 99% confidence level for the lead time
(3 standard deviations). This could be set to a lower level depending on the risk
tolerance of investors. The maximum level of stocks would include the buffer plus the
EOQ and the quantity used during the lead time.
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By oo f

A ——
7

INVENTORY LEVEL

o]

TIME

K Rs.5000 L e
£ 50units/month

h Rs.10/unit/month

L lead time 60 days

o, standard deviation lead time.33 months

¢ cost perunit 0.75(000) Rs

* *
y =, 72 501(:)0 >0 =224 units

B
.33*500
Maximum storage=B+y" =500+ 224 =724
Maximum WC req't=(B+ y+ fL)c=(500+224+500*2)0.75=Rs.1.293 mn

>3 B2>500

Price break model: The supplier offers a price break at a determined order level or
quantity. The issue is whether or not the price break offers any advantage for the
project. In the example the graph of total cost for the material is shown as a function
of order quantity. For low order quantities the cost is high because fixed costs (set
up) is included. As quantity increases the effect of the setup cost is reduced but
holding costs increase. There is a minimum cost at the optimal quantity or EOQ.

In the example the quantity at which the price break is offered is above the level at
which the minimum cost is achieved for the base price. If the price break were at a
lower level, say 20 units, then it would be advantageous for the enterprise.
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COST

PRICE BREAK IN EXAMPLE

Ym % ORDER QUANTITY

Find q, (quantity at P, with same cost as minimum P, cost)

PpB+Kply,+hy,/12=PL+KpB/q +hq 2
¥, s EOQfor P, and P,

Example: Price break at 30 units

K=10, h=1, g=5, P,=1, P =2, q=30

% *
ym:\/zK’H:\/2 10 5:IOunits
h 1
2*5+4(10*5)/10+(1*10)/2=(1*5)+(10*5)/q, +(1*q,)/2

q," —30q, +100=0
q, =26.2 or 3.8 (use largersolution)

Price break at 30 units isof no benefit
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EXPANSION OPTIMIZATION

The following model seeks the optimal incremental plant capacity expansion programme
assuming equal capacity increments evenly staged over time. Benefits produced by any
sequence are assumed to be the same: demand is satisfied over the entire time horizon

(there is no cost for lost sales).?

KDx)' , KDx) kK . KDx)

PVC = K(Dx ) + . ... _
(Itr) (d+r) (I+r)

PVC  Present value of costs

Base cost per unit of production

Rate of demand (production) increase per year
Years between capacity increments

Economy of scale factor

Discount rate

Number of construction stages

S-S0 X OX

This series (for a fairly large number of stages) reduces to:

_K(Dx)’

1 - e-rx

PVC

Taking the derivative of this function with respect to x and equating to zero:

6 PVC a-1 a
oY _ aKD(I1 - ¢ )(Dx"" - K(Dx )" re™
X

=0

(1 _ e-rx 2

Therefore:

* a ®
x =—(e")-1
r

2 World Bank EDI Industrial Projects Course Training Manual, Amman Jordan, s. 6, p. 8, 1989
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This equation can be expressed approximately as:

. 2.6(1-a)”

X
r
X - Optimal time between constructions
Q" =Dx" - Optimal expansion capacity

The optimal expansion capacity increases as both a (economy of scale) and r
(discount rate) decrease. The following table shows a range of solutions:

OPTIMAL CAPACITY EXPANSION HORIZON - YEARS?

Economy of scale factor, a Discount rate % (r * 100)
8 10 12 15
0.3 22 17 15 12
0.5 15 12 10 8
0.7 8 7 6 5

For most infrastructure projects have an economy of scale factor a of 0.5 to 0.8. The
discount factor in many developing countries is between 10-15%. Under these
conditions, the model suggests that these incremental expansions should be designed
for less than 15 years and more often in the vicinity of 5-10 years. This is generally the
case for a wide range of industrial investment projects with similar parameters.

3 Rounded to next higher integer
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SITE ENGINEERING EXAMPLES

WATER PUMPING REQUIREMENTS:

3
flowrate ( M )* pressure head ( lz )
Power = 5 M

1000 * efficiency

M
pressure head = pgh = 10’ % ¥98 — *hM
s

= (9.8 * 10’ *h)%

P Density of water, kg/M?
g Acceleration of gravity, M/s?
h Height of water column, M

To pump 0.5 M3/s water 75 M at 80% efficiency

* 3 *
Power = 05 *9.8(10°) * 75 = 368 Kw
10° * 0.8

ELECTRIC POWER REQUIREMENTS

Apparent power for device: P=EI

E Voltage
| Current

True power for device: P=EI*(PF)

PF Power factor

Installed power:

CL
LF

PF

%k

Installed power = CLELF

PF
Connected load - sum of apparent power for all connected devices
Load factor - percentage of connected load utilized simultaneously in
production
Power factor — net power factor for all connected equipment operating
simultaneously (can be corrected with condensers).
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MORE ON SITE SELECTION

MAIN CONSIDERATIONS IN SITE SELECTION

- Cost per square meter

- Site preparation cost

- Infrastructure: Existing and development cost
- Security

- Easements, covenants

- Environmental impact and mitigation costs

- Area and expansion potential

- Geology

- Tax stability

SITE SELECTION REQUIREMENTS

- Size: Generally 5 times building area needed for
Sidings
Loading platforms
Vehicle ingress, egress, parking
Warehousing
Future expansion

- Topographical map of area for
Filling and grading requirements
Drainage
Siting of buildings, facilities

- Soil conditions
Permeability of soil (drainage, waste treatment)
Soil bearing capacity, Tons/m?

Examples:

Tons/m?
Granite rock 320
Gravel and sand, compact 65 - 110
Earth, solid, dry in natural beds 40
Clay, soft 10 - 15
Filling, grading

- Hydrology

Water supply
Drainage, effluent disposal
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SITE EVALUATION CHECKLIST

- Will building code and zoning regulations permit the proposed
installations?

- Are environmental impacts and mitigation measures accepted by the
authorities?

- Are there easements or covenants that will restrict the use of the
property?

- Who will provide maintenance of necessary infrastructure?

- Can long term commitments be arranged for tax valuation?

- Are security and fire protection assured by the local authorities?
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EIA METHODS

ENVIRONMENTAL INVENTORY

The baseline for the EIA is the environmental inventory, which provides a survey of
existing conditions at the site. The idea is to understand both the natural and human
characteristics of the area. Features and characteristics of natural conditions
(climatic, geodesic and ecology) are studied and described. The socio-economic
environment includes human habitats (features such as demographics, income
distribution, housing patterns, etc.), the economic activity in the region (industry,
commerce, employment, etc.), cultural practices and institutions (schools,
universities, libraries, social organizations, etc.)

Natural environment

Climatic: Existing weather patterns, direct effects of extreme weather conditions,
indirect effects on inhabitants, workers, etc.

Geodedic: Identification of earthquake, flood-prone areas, study of area geology
and soil conditions

Ecological: State of existing flora, fauna and habitats

Socio-economic environment

Human habitat: Housing, transportation, communications, recreation,
esthetics, etc.

Economy: Breakdown of productive activity
Culture: Patterns of human interactions, practices
Social fabric: Institutions

CLASSIFICATION OF NATURAL AND SOCIO-ECONOMIC IMPACTS

Project impacts fall basically into three categories. Natural resources are consumed
such as minerals or water. Emissions can be in the form of liquids, gases, and solids
including particulate matter, noise, vibrations and electromagnetic radiation
(including light). Other impacts fall into the following several categories:

e Risk of accidents affecting the social and natural environment (during
construction, operations, decommissioning or transport of hazardous
substances)

e Increase of existing risks. For example, if there is a high risk for certain
diseases in the area the risk may be exacerbated by emissions from the plant.

o Displacements — the project may intrude on existing residential or agricultural
land, disturb habitats of species found in the area or interfere with cultural
and other economic activities.

¢ Demands on existing infrastructure may overload the existing systems so that
other economic and social activities are adversely affected.
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e The habitats of flora and fauna and the general eco-system may be disturbed
or damaged.

e The project may impose health risks to workers and staff from internal
hazardous operations and uncontrolled emissions.

QUANTITATIVE EFFECTS

Some of the environmental impacts can be quantified. Quantitative impacts can
consist of (1) quantitative environmental modifications, (2) quantitative financial
costs and (3) quantitative economic costs. Financial costs are those that directly
affect the project.

Quantitative costs can be internal (cost of waste disposal and mitigation measures)
or external (costs, or externalities, incurred by economically or technologically linked
activities). These quantitative effects can be explained in the EIA, EIS and also in the
economic cost benefit analysis, if performed.

QUANTIFIABLE EFFECTS

Non-monetary effects are sometimes amenable to quantification.

Survey methods: (Effects that can be quantified by the following methods, among
others)

Contingent valuation: Survey determines the value that the affected population
places on environmental change.

Contingent ranking: Subjects rank environmental change/monetary compensation
combinations. A model is developed which establishes change in income that just
offsets the utility of environmental change.

Indirect market-based methods:

Hedonic pricing: Imputed values of environmental change are determined by
identifying the effect on the market price of economic resources.

Travel cost method: Identifies relationship of cost and propensity to visit sites
(religious, recreation, etc.) with different levels of environmental quality. (Applicable
to industrial projects if travel patterns to such sites are altered by the project).

QUALITATIVE EFFECTS

Some impacts are non-monetary and not amenable to monetization (some may be
otherwise quantifiable, e.g. the number of specimens of a species affected by an
impact). The degradation of non-edible species habitats is not easily expressed in
monetary terms. Such effects as aesthetic degradation or infringement on cultural
patterns are similarly not easily expressed monetarily. These effects can only be
treated qualitatively.
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ENVIRONMENTAL IMPACT ASSESSMENT
PROBLEM

In the economic transformation of Central and Eastern European countries, a
reasonable assumption is that the need to preserve jobs will preclude closing down
many medium size enterprises that are either not economically viable or which present
environmental problems. At the same time, there are demands by the citizens of these
countries to do something about the occupational health and other environmental
problems resulting from these enterprises and increasing resistance from the central
government to provide the subsidies that allow such enterprises to continue to operate.
The question is how to effect a transformation that responds to all these concerns.

One project in a programme to revitalize such industrial enterprises applied an
expanded version of cost-benefit analysis to determine the optimal type and level of
output from an existing aluminium casting plant.

SOCIAL COST-BENEFIT ANALYSIS

Concept of the analysis

The Guide to Practical Project Appraisal, UNIDO 1986 describes five stages of analysis,
each of which leads towards a measure of the social benefits of a project:

1. Financial profitability at market prices.

2. Shadow prices of resources, including accounting for externalities, to
obtain the net benefit at economic (efficiency) prices.

3. Adjustment for the impact on savings and investment.

4. Adjustment for the impact on income distribution.

5 Adjustment for the production or use of goods, such as luxury consumer
goods and basic needs, whose social values are less or greater than their
economic value.

For the purpose of this analysis the focus was on the first two stages, financial and

economic efficiency analyses. For the efficiency analysis transfers were eliminated (only
taxes in this case) and negative externalities (environmental impacts) were included.

Current situation

The site of the existing aluminium casting plant is in the central part of a plain in a
major river basin of Europe. The population of the town and the surrounding area is
about 200,000. It is an industrial town situated in a long-established agricultural region.
Atmospheric inversions are a typical phenomenon for the town and the valley,
especially in the winter.

The plant located in the industrial zone is surrounded by at least 25 factories to the
west and 3 to the east. The facilities within a distance of 10 km. include an oil refinery,
a cement plant, a glass workshop, a power station and several machine tool
manufacturing plants. These facilities cause a high level of environmental pollution that
is transmitted directly to the residential districts of the town to the west and to the
suburbs and agricultural lands to the east.
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The casting plant, built about 15 years ago, consists primarily of one major building
with an area of approximately 17,000 m?. A few smaller buildings are in the vicinity of
the main building. The company presently employs about 600 persons.

The basic casting technique used in the plant is the 'VP' counter pressure-casting
machine. From a production point of view, the main disadvantage with the factory is
the relatively low degree of mechanization and automation, mostly attributable to the
wide spectrum of produced castings. From an emission point of view, the core
producing and core casting machines lack installations for containment and worker
protection.

The plant was originally designed to produce 6,000 tons/year of castings. It can
produce more than 5,000 different types of products, including car wheels, parts for
electric motors for lift trucks, defence products, etc.

Sales have declined over the past few years. The best estimate for current plant sales is
4,000 T/year. At $3.00/kg of casting, total plant revenue is $12 million per year.
Estimated operating costs are as follows:

Cost per year, $ million

Raw materials 8.0
Labour 1.4
Energy 1.0
Taxes 0.4
Depreciation 1.1
Total cost 11.9 or 10.8 on cash basis

The return on sales, taking all cost into account, is about 1 percent. The plant appears
to be barely breaking even.

Occupational health

The main occupational health hazards in the plant are formaldehyde, phenol,
hydrocarbons, carbon monoxide, quartz sand, noise, cold and heat, and others such as
UV, gamma and infrared radiations and asbestos. The core producing and core casting
machines are the primary source of most of these hazards and account for the majority
of the occupational health risks.

The sources and their health risks on a scale of 1 (lowest) to 6 (highest) are as follows:

Source Risk Pollutants

Core casting 6 noise, hydrocarbons, formaldehyde,
carbon monoxide, phenol, quartz
dust

Core producing 5 noise, hydrocarbons, formaldehyde,
carbon monoxide, phenol

Sand blasting 1 quartz dust

Core dryer 1 hydrocarbons

Thermic treatment 1 hydrocarbons

High lift truck 1 hydrocarbons

Saw machine 1 noise

Product finish 1 noise
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The main diseases observed and possibly caused by occupational exposure are:
neurastema, gastroenteritis, back disorders, pharyngitis, cojunctivitis and optitalumcus
neuralgia. All the symptoms and diseases are connected with occupational exposure,
primarily from the emissions from the core production and casting section of the plant.
The age distribution of internal diseases indicates the possible exposure to chronic
occupational risks (in this case formaldehyde, phenol and cold). There is a lower
percentage of workers in the age group over 55 than would be expected.

People who worked more than 15 years and who are in the age group between 45 and
55 can be defined as a high internal disease risk group. More than 40 percent of the
workers in this category are internally diseased. If the chronic neurological diseases are
added to this group, the percentage of diseased persons in this age group exceeds 50
percent of the workforce.

The average sick leave duration in the past two years was 8.7 days; the incidence of
illness averaged 135 days per 100 workers per year (normal average is between 80
and 100 days), which is 35 percent greater than the country average. The number of
days sick leave averaged 118.4 days per 100 workers per year, which is 11 percent
over the country average.

Between 4 and 10 percent of wages are lost each year due to plant-specific illnesses
and illness-related attrition, which comprises a loss of about $40-100 thousand per
year per 100 workers (based on average wage of $1,000 per month). As illness-related
termination of employment typically occurs 5 to 10 years before normal retirement age
and an average of 10 occupational diseases exist in the plant, the real occupational
costs are between $0.2 and $0.5 million per year per 100 workers (at the time of the
study the production section had 133 workers).

Environmental damages

Air pollution in the form of dust and photochemical mist is visible at most times. The
conditions are particularly severe during cold winter days when inversions occur over
the deep valley where the industrial zone is situated and over the residential areas of
the city.

Plant damage from air pollution is visible in many ways. Lichens are totally absent
within an approximate radius of 15 km from the plant and average age of pine needles
drop from some four years at a distance of 20 km to one year or less at the industrial
sites. Damage is also correlated to elevation with most damage in the valley and much
less 200 meters higher in elevation.

In total, an area of some thousand km? shows damage to vegetation that could
translate to a 50 percent reduction of growth rate for conifer trees (the only ones that
could be studied at the time of the research).

Water pollution is unknown upstream of the plant site. The streams passing through
the city are quite clear 15 km upstream with clean water crustaceans such as Asellus
present. Downstream the river is severely polluted, totally anaerobic and thus without
fish and other higher life forms for more than 30 km until the river drains into a major
river basin. The estimated river flow in autumn was 5-10 m®/s, which indicates a yearly
average of 10 m®/s.

Ground water in the city is being depleted with resulting water shortages. Some

analytical results indicate that ground water is contaminated with industrial wastes,
possibly from a waste dumpsite.
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Economic assessment of damages

Estimates of monetarily quantifiable effects are considered in the economic
assessment:

*  Damage to plant production, assuming 50 % growth loss on 50 % of agricultural
land within a radius of 15 km of the plant and a production value of $.05 per
m?, is estimated at $10-15 million per year.

*  Corrosion, which in most studies of industrial areas is larger than agricultural
losses, is estimated to be in the same range, $10-15 million per year.

*  Water pollution, at 10 m*/s and a value of $1/m? for clean water, is estimated to
cost $35 million per year.

The environmental damage from the industries and the city could amount to $60
million per year. The aluminium plant's contribution to this damage is estimated to be
less than 5 % of the total.

*  The cost of adverse impacts on the health of workers and to the public is
estimated at about $0.5 million per year.

Taking into account environmental and health impacts, the total extent of economic
loss due to pollution effects of the aluminium plant alone is estimated at $2.5 million
per year.

Alternatives:

Clearly, the plant is operating with an overemphasis on production and little concern for
occupational health and safety and environmental problems. In light of the financial
situation, a three-stage investment strategy is proposed to address these problems.

- Phase 1 : Housekeeping measures, installation of personnel protection
equipment and repair of existing equipment such as the ventilating
system.

Phase 2 : Revamp the interior of the plant and introduce source reduction
techniques and technologies to reduce worker exposure.

Phase 3 : Use either source reduction and/or emission reduction and
monitoring equipment to reduce ambient pollution to acceptable
levels.

The costs for the three phases are as follows ($US million):

End-of-pipe Cleaner
Phase technologies technologies
1 0.3 0.3
2 1 -1.5 2 -3.0
3 3 -5.0 2 -3.0
Total 4.3-6.8 40- .3
Approx. 55 55
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The distribution of investment costs in relation to some major processes (US$ million):

Melting 0.1
Core casting 2.0-3.0
Non-core casting -
Finishing 0.2
Painting 1.0-1.5
Electroplating 0.5-1.0
Subtotal 3.8-5.8
General® 0.5-1.0
Total 4.3-6.8 or approximately 5.5

Core casting is responsible for a large part of the occupational health and
environmental problems. Half the investment would be required to deal with problems
associated with this process.

Problem: Determine which, if either, of the two approaches to environmental mitigation
is feasible, provides sufficient returns to investors and environmental and economic
benefits for the community.

4 Ventilation, wall construction, etc.
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ENVIRONMENTAL IMPACT ASSESSMENT
SOLUTION

A comparison between investments required for end-of-pipe solutions vs. cleaner
technologies indicates that over the three phases the total cost would be similar -
probably a little lower for clean technologies. Thus this alternative is strongly
recommended. A short-term drawback is the acceleration of investments in phase 2.

A comparison between environmental damage - assessed to be in the range of US$ 2.5

million per annum - and the environmental mitigation cost indicates a payback period of
less than 3 years.

Financial analysis

For a planning horizon of 10 years and the revenue and cost structure indicated above,
and assuming an opportunity cost of the existing plant assets of $10 million, the cash
flow is shown in the following table:

Table 1 - Cash flow relative to total investment - existing project

Year 0 1 2 3 4 5 6 7 8 9 10

Inflow 12.0 | 12.0 | 12.0 | 12.0| 12.0 12.0 | 12.0 | 12.0 | 12.0 12.0

Outflow 10.0 | 10.8 | 10.8 | 10.4 | 10.8| 10.8 10.8 | 10.8 | 10.8 | 10.8 10.8

Net flow | -10.0 | 1.2 1.2 1.2 1.2 | 1.2 1.2 1.2 1.2 1.2 1.2

The financial internal rate of return is about 3.5 % for a 10 year operating phase. If the
investment for the project is added as an outflow ($5.5 million) and recurring costs are
included for operation of the environmental control equipment, it is clear that the project
is not financially viable. In fact, the financial rate of return would be negative.

Economic analysis

For the economic analysis three views of the project are presented: The situation
without the project, with the project and the incremental effect (difference between the
'with project’ situation and the ‘without project' situation.

Without project: Transfers are excluded (only taxes in this case) and negative
externalities estimated at $2.5 million per year are included as a cost.
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Table 2 - Economic Benefits And Costs Without Project

Year 0 1 2 3 4 5 6 7 8 9 10
Benefits 12.0 | 12.0 | 12.0 | 12.0 | 12.0 | 12.0 | 12.0 | 12.0 | 12.0 | 12.0
Investment | 10.0
Operating 10.4 | 10.4 | 10.4 | 104 | 104 | 104 | 104 | 104 | 104 | 10.4
costs
Externalities 2.5 2.5 2.5 2.5 25 25 2.5 2.5 2.5 2.5
Net flow -10.0( -0.9 | -09 (-09 |-09 |-09 |-09 |-0.9 | -0.9 | -0.9 | -0.9

There is no economic rate of return for the existing enterprise considering the

negative externalities valued at $2.5 million per year (rate of return is less than zero).

Existing enterprise plus project: The additional investment for environmental
mitigation of $5.5 million and the recurring cost of $0.5 million per year are
included. The negative externalities are reduced to $0.25 million per year.

Table 3 - Economic Costs And Benefits Of The Enterprise 'With' (Including) The Project

Year 0 1 2 3 4 5 6 7 8 10
Benefits 12.0| 12.0( 12.0| 12.0| 12.0| 12.0| 12.0| 12.0| 12.0| 12.0
Investment 10.0
Environmental
; 5.5
investment
Opegg:trS\g 10.4| 10.4| 10.4| 10.4| 10.4| 10.4| 10.4| 10.4| 10.4| 10.4
Recurring env.

Mitigation cost 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Negative

o 0.25( 0.25| 0.25| 0.25( 0.25]| 0.25| 0.25| 0.25| 0.25| 0.25
externalities
Net flow -15.5( 0.85( 0.85| 0.85( 0.85]| 0.85| 0.85| 0.85| 0.85| 0.85| 0.85

The economic rate of return for the enterprise 'with' the project is still shows a negative
return of almost -10 %.

Project (incremental effect): The full investment for environmental mitigation
(phases 1-3) is assumed to occur in year 0. Recurring costs of operating the
environmental control systems are estimated at $0.5 million per year. The
negative externalities are reduced from $2.5 million to $0.25 million per year,
which represents a net positive benefit of $2.25 million per year.
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Table 4 - Economic Costs And Benefits For The Project Alone (Incremental Effect)

Year 0 1 2 3 4 5 6 7 8 9 10
Benefits 225| 2.25| 2.25| 2.25| 2.25| 2.25| 2.25| 2.25| 2.25| 2.25
Environmental

: 5.5

Investment

Recurring env. 05| 05| 05| 05| 05| 05| 05| 05| 05| 05
Mitigation cost

Net flow 55| 1.75| 1.75| 1.75| 1.75| 1.75| 1.75| 1.75| 1.75| 1.75| 1.75

The economic rate of return for the project alone is 29.4 %.

Although, from an economic point of view the project appears to be worthwhile, when it
is included into the context of the existing enterprise under the above assumptions, both
from a financial and economic point of view the project does not appear to be a good
idea. However, one factor that would change the picture considerably is the estimate of
the existing investment. In the foregoing analyses the plant is valued at $10 million
based upon its original construction cost. However, the plant is 15 years old, and most
of the equipment is fully depreciated financially and considerably depreciated
technologically. If the opportunity cost of the existing assets were reduced to $2 million,
for example, the results would be as follows:

Type of analysis Internal rate of return, %
Financial, existing enterprise 59.3

Financial, with project -1.2

Economic, existing enterprise <0

Economic, project 29.4

Economic, existing enterprise plus project 2.3

It is clear that diminishing the opportunity cost of the existing assets to $2 million rather
than $10 million does not materially alter the fact that the project does not appear to be
a good investment either financially or economically. One important factor that has not
been taken into account in the analyses is the possible improvement in plant efficiencies
that would result from the project (raw materials, energy, labour).

Alternative estimates of environmental damage

Although the estimated occupational and environmental damages are a start, they are
nevertheless a rough approximation.

The environmental damages were not systematically estimated. In the environmental
report there is no justification for the estimate of damage to agricultural land of
$0.5/m?, nor is there justification for the claim that material damage is of the same
order of magnitude. There is no apparent basis for claiming that pollutants from the
plant constitute 3 % of the environmental damage in the area (the plant probably
produces more than 5 % of the air pollution and virtually no water pollution), nor is
there justification that the ambient environmental health effects are equal to the
occupational health effects.
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A more systematic and transparent approach for estimating benefits and costs should be
followed. A full assessment of net benefits would require information about five distinct
relationships:

1. The technology and cost of pollution reduction.

2. Estimating the reduction in pollutants from the investment in cleaner production.

3. Modelling the impact of pollutant loadings on ambient environmental quality and
the number of people, buildings and agricultural land exposed to the incremental
change in ambient air quality.

4. Preparing quantitative estimates of health and welfare effects based upon dose
response functions.

5. Estimating the increases in utility or welfare, measured in monetary terms to the
extent possible, with actual or surrogate values that reflect the actual economic
situation in the country.

It is quite easily suspected that the estimates of damage are too high. For example,
occupational damages were estimated assuming the European wage rate of $1,000 per
month although the factory workers were receiving at most $200 per month, which is
the wage used in the earlier financial analysis. Using $200 per month as the lost wages
for occupational health damage would reduce the residual damage estimate from
$250,000 to $75,000.

The environmental health damage should be correlated with the welfare (agricultural
and material) damages rather than the occupational damages since both health and
welfare damages are based on ambient quality conditions. A more plausible estimate,
based on environmental damage estimates in the U.S. is that air-related health
damages (mortality and morbidity) are three times the magnitude of welfare damages
and that water-related health damages are 50 percent of the welfare damages.
Assuming the total environmental damage of $2.5 million, as reported, but that the
damage attributable to the plant is 1 % rather than 3 % of the total, the air pollution-
related welfare damage would be $250,000 (based upon total air pollution-related
damages of $25 million) and the health-related damage would be $750,000 based on
U.S. studies. The water-pollution damage would be $350,000, unadjusted, as there is no
further information available at this time. These damages total to about $1.3 million.
Adding the occupational damage of $0.1 million gives total occupational and
environmental damages of about $1.4 million. The residual damage (after installation of
environmental mitigation equipment) would be reduced to $0.1 million.

Using the above assumptions and the $2 million estimate for the opportunity cost of the
existing assets, the economic results (financial results are unaffected by the change in
the estimate of environmental benefits) would be as follows (economic results for the
original assumptions are repeated for comparison):

Type of analysis Internal rate of return, % Original
Economic, existing enterprise 0.0 <0
Economic, project 7.5 29.4
Economic, existing enterprise plus project 5.6 2.3
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Conclusion

The application of economic cost-benefit analysis reveals the basic dilemma for the
plant. Financially, the plant should not continue to operate if an investment of $5.5
million is required to deal with environmental problems. From an economic point of
view, even with the most favourable assumptions ($2 million opportunity cost of existing
assets and environmental damage reduced to $1.4 million) the plant is marginally
unacceptable. This indicates that it would not be a good idea for the government to
subsidize the continued operation of the plant, as it would be an expensive way to
maintain employment.

The next steps for the plant are as follows:

1. A review of the actual capital value of the plant. However, it is important to note
that, although the financial result without the project is favourable, there is little
likelihood that the enterprise can continue to function without the environmental
investment, which reduces the financial performance to an unacceptable level. Also,
the assumption of a low value for the opportunity cost of the assets is valid only for
the technological life of the existing equipment (15 years old). The replacement cost
of the plant machinery will be closer to and probably exceed the original cost so
that the long-term financial outlook does not appear to be favourable.

2. A marketing study should be conducted to determine if a price higher than the
assumed $3/kg is possible. At a price of $4/kg the financial rate of return with the
project is about 25 %, even with the original asset value of $10 million (taxes are
assumed to increase to $1.2 million). The economic rate of return with the project
using the same assumption would be about 30 %.

3. A detailed engineering analysis would provide a more accurate estimate of pollution
reduction and would indicate how these measures (particularly source reduction)
would lower the cost of production and reduce discharge of pollutants.

A project has been designed to execute an area-wide environmental quality
management plan. The government would conduct a more comprehensive review of the
environmental problems and a detailed assessment of the sources of pollution. It would
then prepare a least-cost environmental management strategy, which in all likelihood
would identify facilities other than the aluminium casting plant as the first priority for
pollution reduction measures.
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