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11.2 CHAPTER ELEVEN

STEPS IN THE PROCESS ______________________________________________

After the initial decision that pumping equipment is required, purchasing of the equip-
ment can be divided into the following general steps.

• Engineering of the pumping system
• Selection of the pump and driver type
• Pump specification and data sheet preparation
• Inquiry and quotation
• Evaluation of bids and negotiation
• Purchase of the selected pump and driver

In the process of specifying pumping equipment, the engineer must determine system
requirements and system head curves, select pump type, write the pump specification,
complete the pump data sheet, determine testing, inspection and vendor drawing and data
submittal requirements and develop all the data necessary to define the required equip-
ment from the supplier.

Having completed this phase of work, the engineer is then ready to take the steps nec-
essary to purchase the equipment. These steps include issuing the pump inquiry to the
bidders, technical and commercial evaluation of pump bids, selection of the supplier, and
release of data necessary to issue the purchase order. The ultimate result of this process
is the selection of a pump/driver combination that satisfies both the process and mechan-
ical requirements.

ENGINEERING OF PUMPING SYSTEM REQUIREMENTS ____________________

The first step is to define the requirements and conditions under which the equipment will
operate.

Fluid Type A thorough description of the fluid to be handled must be developed. This
includes properties such as viscosity, density, vapor pressure, corrosiveness, erosiveness,
volatility, flammability, and toxicity. Depending on the process and the system, some or
all of these properties may have an important effect on the pump and system design. For
example

• The corrosiveness of the fluid will influence the materials of construction.
• If the fluid contains solids in suspension, suitable types of pump seal designs and

abrasion-resistant pump construction must be considered.
• Erosion due to high particle content may cause premature performance decline. Large

particles may favor open impeller design.
• Fluid toxicity may necessitate the use of dual (tandem or double) mechanical seals due

to government regulations or safety considerations.
• Entrained gases may affect the pump’s ability to produce the required differential

pressure.

The specified fluid physical and chemical properties must cover the entire expected
operating range of the pumping system. Influences such as varying temperatures and
pressures must also be defined.

System Head Curves The engineer must have a clear understanding of the process
and system in which the pumping equipment will operate. A preliminary design of the
system should be made and should include an equipment layout and a P&ID (piping and
instrument diagram). These preliminary drawings will show the various fluid flow paths
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for system operation, preliminary pipe diameters and lengths, relative elevations of sys-
tem components and all valves and other piping components that will be used to estab-
lish the system head losses. These drawings will be used by the engineer to calculate the
final piping sizes and pumping system head requirements.

With this information, the engineer can develop system head curves that show the
relationship between flow rate and hydraulic losses in the piping system. In determining
the hydraulic losses, the engineer must include adequate allowances for future corrosion
and scale deposits in the piping system over the plant life.

Because hydraulic losses are a function of flow rate, pipe size, and layout, each indi-
vidual flow path alignment in a given system will have its own characteristic operating
curve. Care must be taken when specifying the required pump characteristics to take into
account all possible system operating flow paths. It is convenient to add the effects of sta-
tic pressure and elevation differences in the system to form a combined system head curve.
This combined curve shows the total head required of the pumping equipment to overcome
system resistance as well as differential static pressure and elevation. The pump head
must be at or above the combined system curve at all required operating points and fluid
conditions for the various system flow paths. Refer to Sections 8.1, 8.2, 9.1, and 9.2 for
guidance in constructing system head curves.

Modes of System Operation System operating modes are important considerations
when specifying pumping equipment. Will the pump be used in continuous or intermit-
tent operation? Will the pump operate in parallel or series with other pumps? Will there
be significant differences in head or flow rate requirements in different system align-
ments? Will a single pump be used as a common spare for two different pumping appli-
cations? These and other questions arising from analyzing the different modes of
operation will help influence decisions as to the number of pumps needed, heads and
capacities and whether booster pumps are desirable in some system alignments. It should
be noted that unnecessarily conservative hydraulic requirements may increase pump com-
plexity (such as the selection of a more elaborate multistage or double suction pump in
place of simpler single stage, overhung pump) and cost.

The engineer should also consider the length of time between plant maintenance
expected of the pumping system. This factor will influence the decision of quantity, pump
type, requirement for installed spare(s), and the manufacturing quality required of the
specified pumps. Frequently, due to the critical nature of a pumping service where high
reliability is necessary, installed spares are provided. In some cases, 2—100% pumps are
provided. When system flowrate requirements fluctuate, 3—50% pumps may be called for.
When reduced flowrates will not adversely affect operations, 2—50% pumps can be speci-
fied. Plant operating philosophies will dictate if automatic start of a spare pump is
required.

Pump Flow/Head Margins Pumps are normally specified with a capacity margin above
what has been determined necessary for the process. In addition, the calculated system
head losses are also determined conservatively. The reasons for this include the following:

• During system design, many assumptions are made while determining pump require-
ments, some of which might eventually be determined to be incorrect.

• During the plant life cycle, process conditions are likely to change due to aging catalyst,
changes in feed stock, seasonal feed temperature variations, and so on.

• Final piping design may be significantly different from preliminary design.
• System hydraulic losses may change due to corrosion, and so on.

During preliminary system design, these potential future changes in head/capacity
must be studied to determine the required design margin. Because a pump should be
selected to operate close to its best efficiency point, it is important to minimize the selected
margin. Margins of 5 to 10% on flow are typical but even 20% is common, for example, in
reflux tower service. In cases where the process is well proven and understood, and system
operating requirements are well defined, a zero margin is sometimes appropriate.
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Plans for future capacity increase may be foiled if the piping system does not provide
for adequate net positive suction head at the future flow conditions.

Care must be taken when applying margins to ensure that the purchased pump is not
oversized. If the total head produced is too large, impellers may be trimmed within the
allowable range of the pump model provided. If the flow is significantly oversized, a costly
energy penalty can result over the life of the plant. This is caused by lower pump operat-
ing efficiency at off-design flow rates and discharge throttling losses that may be neces-
sary to control the flow rate to the desired value.

Type of Pump Control The type of control for the required pump is also an important
consideration for pump specification and selection. Since the actual piping system usu-
ally incorporates a design margin, a control valve is normally employed in centrifugal
pump applications. This control valve (not supplied by the pump manufacturer) is used
to adjust the system curve over the life of the unit. Flow sensing control provides the most
stable operation for most systems. Pressure control can have very large swings in flow
when operating in a flat or drooping area of a centrifugal pump curve. For this reason,
most centrifugal pump specifications incorporate the requirement for the centrifugal
pump operating curve to rise continually to pump discharge valve shut in (also known as
the pump shut off).

Both temperature and level sensing control can lead to a pump running at shut off or
at the end-of-curve condition during upset or failure modes. Centrifugal pumps with a 10%
to 20% head rise between the specified operating point and the shut off point may be pre-
ferred for some services such as for parallel pump operation.

Pumps that may operate in the shut off condition may need a continuously open bypass
to prevent pump damage. Pump manufacturers will advise of the minimum required flow
for an offered pump, but many end users require an additional margin above the manu-
facturers recommended minimum flow. If a continuous flow bypass is incorporated in the
system design, this additional flow must be added to the specified pump requirement.
Refer to Section 2.3.4 for bypass designs.

Future System Changes A final factor to be considered is the possibility of providing
for future system changes. When future system changes can be predicted with a degree
of certainty, the system can be designed with this in mind. Rather than selecting a pump
that is operating at the high end of its preferred operating region, a larger impeller diam-
eter or the next larger size pump operating at the beginning of its preferred operating
range might be considered. In addition, the capability for installing a larger diameter
impeller to handle future higher head requirements must be considered. Because mini-
mizing capital costs for a project is usually the prime consideration, oversizing a pump
for future operations is not normal practice. Pumps are expected to operate efficiently and
reliably in the present system, and this fact should be noted during the selection progress.

SELECTION OF PUMP, DRIVER, AND AUXILIARIES ________________________

As stated previously, the selection of pump type for a particular application is influenced by
such factors as the fluid characteristics, required materials of construction, system flow/head
requirements, intended equipment life, energy cost, and availability of certain utilities, such
as cooling water. Accuracy in these areas is critical for proper selection of pumps.

Pump Types There are several different types of basic pump designs. Each design can
be used for a range of flow and head combinations. Figure 1 gives a general overview of
the type of pump that can be used for various heads and flow rates.

In addition to capacity and head considerations, other operating characteristics of a
pump will help the engineer to select a pump type for a given application. Some of the con-
siderations are detailed in the following sections.

Self Priming Requirement If a pump is taking suction from a source below the pump
suction nozzle, a self-priming capability may be necessary. Positive displacement pumps
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FIGURE 1 General pump overview

such as a piston pump or a rotary screw or gear pump are able to self-prime within lim-
its in the smaller capacity range. There are also special centrifugal pump designs that will
self-prime in this situation.

Variable Head/Flow Requirement Centrifugal and axial flow pumps are able to oper-
ate in variable head/flow conditions. By reviewing the pump curve for a given pump, the
head/flow range capability for these types of pumps can easily be determined. Refer to cen-
trifugal pump operating curve, Figure 2. For a specific impeller size, a centrifugal pump
will produce any flow rate within its head-flow rate characteristic curve which corresponds
to the system head curve (see Figure 2), if sufficient NPSH is available. The system head
characteristics can be changed to vary the flow by discharge throttling or by varying pump
speed.

High Head Required (Above Single Stage Centrifugal Pump Ability) Depending on
the required flow rate, either a centrifugal or a piston pump may fulfill the need for high
differential head. If a relatively small flow is required, either an integrally geared high-
speed centrifugal pump or a piston pump may be applied. When selecting between these
two choices, other questions to ask might be
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FIGURE 2 Typical centrifugal pump characteristic curves versus flow rate or capacity. (m3/h = 0.277 � gpm; m = 0.305 � ft; kW = 0.746 � hp) (Flowserve Corporation)
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• Will the pulsating flow of a piston pump be detrimental to system operation? Will a
pulsation dampener take care of this problem?

• Is the liquid clean enough to avoid premature wear on pistons and cylinders?

For high flow and high head combinations, a multi-stage centrifugal pump can be used.
Various designs of this type of pump are available with a wide range of prices reflecting
special designs for a whole range of applications (high temperature, cryogenic, water,
hydrocarbon, and so on).

Low Flow with Precise Flow Adjustment Ability For low-flow applications where
accurate flow metering is necessary, a proportioning pump is appropriate. This type of
pump can also be provided with variable flow capability. Certain types of gear, plunger,
and diaphragm pumps can also be used in combination with a variable speed drive for
flow rate regulation.

Low Available Net Positive Suction Head If the available net position suction head
(NPSHA) is low, specially designed centrifugal pumps can be considered. Depending upon
how low the NPSHA is, either a horizontal end suction with a suction inducer or a hori-
zontal double suction arrangement may be applied. A vertical turbine pump may also be
used, either immersed in the process fluid (possibly in a tank or vessel) or in a specially
designed vessel (known as a suction can) that can be installed below grade to increase
the NPSHA.

Code and Industry Standard Requirements The design, construction, rating, and
testing of most pumps used in refining and chemical industries are governed by standards
such as API (American Petroleum Institute), ASME (American Society of Mechanical
Engineers), the Hydraulic Institute, NFPA (National Fire Protection Association), PIP
(Process Industry Practices), ISO (International Organization for Standardization) and
various other international standards. The severity of the service in which the pump will
be applied, as well as the location of the plant, will determine which industry standard
(or standards) will be used, if any.

In the case of a fire pump service, NFPA compliance might be mandatory to meet the
user’s insurance company requirements. If a pump will be installed in an oil refinery or
chemical plant, either API or ASME standards will be applied depending on the severity
of the service and client preferences. International standards such as DIN (German), BS
(British), JIS (Japanese), or ISO can also be used. These standards are intended to provide
a pump with a level of quality to match the needs and expectations of the end user of the
equipment. It is obvious that the quality requirement for an emergency feed water pump
in a nuclear power plant needs to be much more stringent than a potable water booster
pump in an office building. The quality issues covered by these codes/standards ranges
from detailed design issues to inspection and performance testing requirements.

Fluid Characteristics Fluid characteristics such as viscosity, density, vapor pressure,
volatility, chemical stability, solid content, and entrained gases are important factors to
be considered for proper pump selection. Pumps are available to handle a full range of
fluid types. A positive displacement progressing cavity pump can be used to pump tooth-
paste, peanut butter and shampoo, but it will not usually be a good choice for pumping
water or gasoline. A rotary, variable displacement piston pump is a good choice for a
hydraulic control system, but not for a potable water application. A rotary sliding vane
pump can be successfully applied for pumping hot asphalt and for limited application in
a lube oil system.

Making the best pump selection for a certain fluid application is often difficult. Previ-
ous successful experience is usually the best guideline for proper pump selection. This
information can be obtained from end users, from process licensers, and from pump man-
ufacturers. Recommendations from all of these sources should be carefully considered.

Pump Materials Material selection is affected both by the pumped fluid and the envi-
ronment. Resistance to corrosion and erosion are of prime importance. The engineer must
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determine which material is most suitable and economical for a particular service. This
requires that an evaluation be made comparing the more expensive longer life material
to a less expensive material, which may provide a shorter pump life. Requirements such
as continuous or intermittent operation, critical or non-critical service and plant life cycle
should be considered when selecting materials.

Pumps are commonly available in cast iron, ductile iron, bronze, carbon steel, alloy
steels, and in some cases composite materials or special alloys such as Monel, Hastelloy,
or Titanium. In addition to the importance of pump design life, safety must also be con-
sidered when selecting materials. Cast iron construction is not used for pressure casing
parts of pumps that are to handle flammable or hazardous liquids because cast iron is brit-
tle and subject to fracture when thermally shocked. For these services, pressure-casing
parts must be high strength ductile materials such as carbon or alloy steel.

Driver Selection The choice of driver type for a pumping service is as important as the
pump selection. Factors that affect the driver choice are capital cost, driver type avail-
ability, operating reliability and the availability and cost of utilities.

Constant speed electric motors are most economical when only the first cost is consid-
ered. Often there is excess steam available within a facility that, when compared to the
cost of electricity, will justify the extra cost of a steam turbine. Reliability requirements
may necessitate the use of both a steam driven main pump and an electric motor driven
back-up pump. In the case of firewater pumps, a battery-start, diesel-fueled internal com-
bustion engine is needed to be completely independent of plant utilities. More expensive
variable speed electric motors can sometimes be justified if the pump is operated well
below its design conditions and there is the potential for significant savings in power.

There are other factors that should be considered when selecting the pump driver. The
capital cost as well as the installation cost is more expensive for a steam turbine due to
required piping. Steam turbines also require more maintenance during plant life, which may
be undesirable to the owner. Selection based on past proven performance and selection to
match existing plant equipment to minimize spare part inventory is a common consideration.

Air-operated diaphragm-type pumps are available in relatively small capacities, and
these can be particularly effective in hazardous area classifications where use of electric
motors may be undesirable.

Other Equipment Supply Decisions For both technical and commercial reasons, the
purchaser may decide to purchase the pump/driver combination in various ways.

The pump and driver may be purchased separately. This may be advantageous if either
the pump or driver (but not both) can be purchased locally. This will save shipping costs
and possibly allow the purchaser to meet client requirements for locally manufactured
content for a project. Separate purchase of drives on large capital projects can also lead to
quantity price discounts and limited spare part inventories.

The purchaser must consider the risk associated with the separate purchase of the
pump and driver. Equipment installation and alignment problems (with resulting start-up
delay) are more probable than when the pump vendor takes single source responsibility
for the purchase and skid mounting of all components.

If the decision is made to purchase the driver separately from the pump, the pump
manufacturer can provide the equipment for block mounting or provide a skid on which
the driver can be installed in the field. Either way, additional shop inspection is recom-
mended to verify dimensions for field interface. It should be noted that pump manufac-
turers may purchase a high volume of electric motors and obtain greater discounts than
most operating companies and engineering contractors.

PUMP BID REQUISITION ______________________________________________

It is obviously necessary to fully define the scope of supply for the desired piece of equip-
ment. To do so requires the right amount of documentation provided by the purchaser (no
more, no less) to match the type of equipment being purchased. This is easier said than
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done, but the engineer needs to be conscious of the fact that a bid requisition package
should be clear and concise as possible. One industry joke relates the cost of a piece of
equipment to the weight of the paper included in the bid requisition.

Requisition A bid requisition is a document that requests a vendor or series of vendors
provide a quote for a specified item. This can also be called an inquiry or request for quo-
tation or simply an RFQ.

The bid requisition can be as simple as a one-page listing of the pump requirements. It
can also be a document that incorporates data sheets, technical specifications, shipping
specifications, purchasing terms and conditions, vendor drawing requirements, and any
other document that will help define the full requirements of the intended purchase. A
fully detailed requisition for a complicated pumping service might include over 100 pages
of requirements.

As a minimum, the requisition must include a clear scope of supply, applicable specifi-
cations and data sheets, and commercial terms and conditions. In addition, the requisition
can be used to specify additional requirements that have not been adequately addressed
in other documents.

Commercial Terms and Conditions The requisition should include the following com-
mercial terms and conditions:

• Name of buyer, place to which proposals must be delivered, information on ownership
of documents, time allotted for submission of bids, governing laws and regulations

• Location of plant site
• Site storage conditions and anticipated length of storage (preparation requirements)
• Schedule for submittal of drawings/documentation, and pump delivery
• Guaranty/warranty requirements
• Instruction on minimum information to include in the proposal, number of copies that

vendor must provide, status of alternative offerings, and a statement on the owners
right to accept or reject bids that are not in accordance with the bid package

• Acceptable terms of payment
• Method of transportation to site that establishes the vendor’s responsibility. If the ven-

dor will not be responsible for providing shipping, he must be requested to provide
enough information in the quote for others to estimate shipping costs

• Customer shop inspection requirements
• Any penalty or bonus related to late or early shipping, and so on

The list of specifications and data sheets must include document name or descrip-
tion, document number, revision number, and revision date. This will provide a record of
what documents have been sent to a vendor. See Figure 3 for an example of a requisi-
tion format that might be used to request bids for pumps in an oil refinery or petro-
chemical plant.

Pump Technical Specification As discussed previously, there are many different
designs of pumps that can be purchased. Engineering and operating companies may have
standard technical specifications for all categories of equipment that are commonly pur-
chased. When a pump service is being prepared for bids, a technical specification can be
used in standard form, or updated to incorporate special requirements based on client or
other project specific needs.

A technical specification is usually written to cover a wide range of equipment within
a given category. Because many variations exist within any equipment category, the tech-
nical specification is usually written to be applicable to this range of equipment. Data
sheets may be used to provide the specific requirements not covered in the technical
specification.

Most technical specifications are written as performance specifications rather than
design specifications. Care must be exercised to ensure that the pump manufacturer (not
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FIGURE 3 Example of a requisition format

REQUISITION

Type of Order:

Client:

Plant Location: Technical Review Required:

Level of Technical Data Sufficient for: P.O. #:

Vendor Inquiry Vendor:
Place Purchase Order

Line Ref Item No. Quantity Material & Attachment Description Budget

Unit Extension

Originator Ext. Approved By: Total Budget (US)

Requisition Number Rev. No.

the purchaser) is responsible for the actual equipment design. If design requirements
rather than performance requirements are specified, the vendor may claim that he is not
responsible when performance requirements are not met. Care must be taken to assure
that the equipment selected is from qualified vendors with proven design experience in
similar applications. The purchaser must resist the temptation to force the vendor to
modify a proven design and build a pump with which the vendor does not have proven
experience.

As a minimum, a technical specification must list the following:

1. Industry codes and standards to which the pump must be designed, constructed, and
tested. It is also possible to create a technical specification that stands alone and does
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not reference (or minimally references) codes and standards. This stand-alone
technical specification will require a more thorough listing of needed requirements
than one that references common design, fabrication, and testing standards.

2. A list of desired deviations and preferences from the main technical standards used to
help define the pump requirements.

3. A definition of any technical terms used in the specifications that are not defined in
referenced standards. This will help prevent misunderstandings between the pur-
chaser and pump vendors.

4. A list of documents to be submitted by the successful bidder, both with the quotation
and after the order is placed.

Pump Data Sheets As stated previously, a data sheet is used to list specific require-
ments for each individual pump service. These requirements are not general enough to
be listed in the technical specification. Each pump service requires its own data sheet. As
a minimum, the following items must be included on the data sheets for each service:

1. Pump name and item number
2. All required system design conditions and pump performance values needed to fully

define the pump operating requirements, including any known turndown, start-up, or
upset conditions

3. Materials of construction (unless the vendor is free to recommend standard materials)
4. All accessory requirements (unless the vendor is free to offer the standard selections)

such as driver, coupling, seal, and packaging needs
5. Utility conditions available
6. Intended site location and annual environmental conditions in this location
7. Electrical hazardous area classification
8. Instrumentation and control requirements (usually out of the vendors scope)
9. Noise requirements

10. Any specific preferences that deviate from requirements of the technical specifications
11. Inspection and testing requirements

In addition, the vendor should be advised to fill in the applicable blanks in the data
sheet and submit the proposal. The manufacturer’s data will help define the offering. See
Figures 4a to 4e for the API-610, 8th edition, data sheet.

Other Requisition Documents and Requirements A purchaser may include many
additional options in the bid requisition. These requirements may be included in the req-
uisition narrative or data sheets. Some possible options are addressed in the following
paragraphs.

Alternates It is extremely difficult for a specification to cover all possible pumps
offered by various manufacturers. In addition, the pump industry constantly updates
their products due to competition and revisions to industry standards. Because of this,
it is good practice to allow manufacturers to offer alternatives to the specified pump-
ing equipment. This allows manufacturers to present their best offerings and gives the
purchaser the advantage of obtaining commercially and technically attractive alter-
nate offerings. However, the choice of whether to accept an alternative is retained by
the purchaser.

Energy Evaluation The purchaser may choose to include operating costs in the equip-
ment evaluation. If so, the vendor needs to be informed of this requirement so the most
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FIGURE 4A API 610 data sheet, page 1 of 5 (Courtesy American Petroleum Institute)

attractive proposal can be offered. In this case, the overall equipment cost will be a com-
bination of first cost and the differential cost of energy used over a specified period of time.

This evaluation is often calculated to a cost per horsepower penalty that includes all
economic factors. If so, the vendor must be informed of the present worth payback time for
this analysis (such as three years), cost of a unit of energy, and the number of hours per
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FIGURE 4B API 610 data sheet, page 2 of 5 (Courtesy American Petroleum Institute)

year that the equipment will operate. Based on the differential power consumed over the
payback period and the energy cost of this differential, the penalty or credit can be easily
calculated. (See Table 1 for an example of utility cost comparison.)

Life Cycle Cost Evaluation A more sophisticated Life Cycle Cost (LCC) evaluation
method is starting to gain acceptance in the industry. Traditionally, cost evaluations have
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FIGURE 4C API 610 data sheet, page 3 of 5 (Courtesy American Petroleum Institute)

been limited to the cost of the initial capital equipment plus some evaluation for the cost
of energy. LCC evaluations include the following major cost categories:

• Purchase price of the pump set (including pump(s), motor, motor starter, and so on)
• Placement cost (includes installation costs such as foundations, electrical installation,

piping, isolation valves, and so on)
• Energy cost (usually electricity because most pumps are driven by electric motors)
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FIGURE 4D API 610 data sheets, page 4 of 5 (Courtesy American Petroleum Institute)

• Auxiliary services (includes operating costs such as cooling water, steam heating, cen-
tralized oil lubrication systems, and so on)

• Maintenance (includes routine servicing and unplanned repairs)
• Potential loss of income due to unplanned downtime (sometimes neglected if a spare

pump is included in purchase price)
• Disposal (to dispose of the equipment, in an environmentally responsibly way)
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FIGURE 4E API 610 data sheets, page 5 of 5 (Courtesy American Petroleum Institute)

A life cycle cost equation, representing each of these cost components, is readily devel-
oped as follows:

The LCC is usually discounted to a present value, based on an assumed discount rate,
inflation rate, and expected equipment life.

LCC � Cic � Cin � Ce � Caux � Cm � Cl � Cd
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TABLE 1 Utility cost comparison

Job No.: 1 2 3 4

Client: Super Awesome
Location: Lake Charles, Louisiana
Subject: Job No. XXX, utility cost comparison for item low pressure boiler Feed

S01/JA/JB/JC, water pumps
2 pumps normally operate—one motor / one turbine

Vendor “A” Vendor “B” Vendor “C”
Motor drive:

Normal BHP 100 110 90
� BHP 10 20 0
Penalty ($750/hp*) $7500 $15000 0

Turbine drive:
Normal BHP 100 110 0
� BHP 10 20 0
Norm. Stm. Rate (lb/BHP � hr) 15 14 16
� STM. USED lb/hr 150 280 0
Penalty ($73.5/lb/hr**) $11,025 $20,580 0

Total Penalty
(Motor � Turbine) $18,525 $35,580 0

*Motor drive penalty basis:
$/hp � ($0.039/kWhr) � 8200 hr/yr � 3 yr � (0.746 kw/hr input)/( 0.95 hp/hp input)

� $750/hp [for 3 yr]
**Turbine drive penalty basis:

$/(lb/hr) � ($0.003/hr)/(lb/hr) � 8200 hr/yr � 3 yr
� 73.5/(lb/hr) [for 3 yr]

Assumptions
1. Utility evaluation is based on normal operating point.
2. Pay-out period is for three years (one year � 8200 operating hours)
3. Utility cost expressed as a penalty against equipment less efficient than the lowest utility 

consumer.
4. Estimated motor efficiency is 95%.

Vendor Data Requirement (VDR) Form For complicated equipment where many dif-
ferent documents are requested for submittal by the purchaser, a list of these documents
is usually included in the requisition. This list should include a listing of each generic doc-
ument, the number of copies required and the time after placement of purchase order that
the document is required by the purchaser. Figures 5a and 5b are copies of typical VDR
forms for an API-610 pump service.

It should be noted that requirements for drawings are significantly different for an end
user maintenance group and an engineering contractor. Because documentation can add
a significant amount to the purchase cost, care should be taken when specifying required
drawings and drawing quantities.

Inspection and Testing Checklist For critical and special pump applications, the pur-
chaser may require significant shop inspection and testing of the equipment above the
vendor’s standard procedures. This might include materials certification, NDE, welding
inspections, rotor balancing, inspection reports, and mechanical/performance tests.

Figures 6a to 6c show typical Inspection and Testing documents that might be used for
ASME, API-610, and other types of centrifugal pumping services. These documents allow
the purchaser’s representative to maintain a record of requirements for such items as the
following:
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FIGURE 5A VDR form, page 1 of 2

• Witness test requirements
• Test procedures and approvals
• Preliminary test results before a witness travels to the vendor’s shop
• Acceptability of test results
• Vibration limits
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FIGURE 5B VDR form, page 2 of 2

• Verification of recommended minimum flow
• NPSH test results
• Material test certificates

Noise Data Sheet If the equipment is large enough or of a type known to be a noise
concern, the purchaser may specify the maximum allowable noise level attributable to the
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FIGURE 6A Typical inspection and testing documents, page 1 of 3

equipment being purchased. One way to accomplish this is to include a noise data sheet
that lists the allowable levels for the equipment provided. This data sheet should be
designed to require the vendor to fill in the expected noise level for the equipment being
offered. If the expected noise is greater than the specified maximum value, the vendor
should be directed to provide special design options (that is, noise enclosure, WP II motor
special noise ducting, and so on) to lower the expected noise level. See Figure 7 for a typ-
ical noise data sheet.

Bidders List Preparation The preparation of a bidders list for the required equipment
on a project is of utmost importance. This list is comprised of suppliers that the client and
purchaser agree are qualified to supply the needed equipment.
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FIGURE 6B Typical inspection and testing documents, page 2 of 3

Qualification requirements may include a variety of categories such as the following:

• Vendor proven successful experiences supplying similar equipment
• Vendor ability to meet required delivery schedule
• Vendor ability to support field installation
• ISO 9001 certification standing
• Location of manufacture or material supply
• After sales service, spare parts supply, and so on
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FIGURE 6C Typical inspection and testing documents, page 3 of 3

If a proposed vendor is not known to the purchaser, a shop survey may be required to
satisfy the purchaser of a potential supplier’s ability. This type of survey will usually
include an inspection and assessment of the manufacturer’s shops, engineering and design
facility, and quality assurance organization.The complexity of the required equipment and
the project needs will determine the level of qualification required of the vendors. Remem-
ber that a vendor is required to provide not only the specified equipment, but also civil,
piping, and electrical interface information required for project design. A vendor must pos-
sess the skills necessary to support all of these requirements.

The number of vendors that are to receive bid requests is usually between three and
five. This number will provide for effective competition and will limit the quantity of
quotes that require evaluation.

Pump alliance agreements, or the need to duplicate existing equipment, may reduce
the list to a single bidder. In addition, unique design or vendor experience may dictate a
sole source supplier.
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FIGURE 7 Typical noise data sheet

Bidding Time The time required to prepare a bid will depend on the complexity of the
equipment, the relative cost of buy-out items (such as exotic castings and turbine drivers),
and the level of business activity in the market. It also depends on the number of pump
services included in the requisition. The more sub-vendors the main equipment supplier
must depend on, the longer the time needed for the vendor to provide an accurate quote.
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As a guideline, the following timing may be used to set the bid due date.

Often a vendor may have several bids due at approximately the same time. For this
and other reasons, vendors may ask that the bid due date be extended. Extensions can be
granted if the project schedule allows for this extra time.

It is in the interest of the purchaser to be flexible on bidding time limits to avoid los-
ing a potentially favorable bid. If a bid is extended, all bidders should be notified of the
extension so the additional time can be used to improve all quotes.

In many cases, it may not be acceptable to extend a bid due date. If a project schedule
is tight, timing may not allow for an extension. In the case of many public sector bids, bid
openings are advertised long in advance and may not be extended for this reason.

Pre-Bid Meeting If the required equipment is for a complex or difficult service, or if proj-
ect timing is such that the purchasing cycle must be minimized, a pre-bid meeting may
be of benefit. This meeting should be held after the vendors have read the inquiry but
before quote preparation has begun. During this meeting, the full range of requirements
are reviewed and emphasized when necessary. Areas of compromise may be suggested. At
this time, the vendor is free to ask questions and determine if alternatives to the speci-
fied equipment might be advantageous. If specification errors or oversights are noted dur-
ing these meetings, all bidders must be quickly informed.

The chances of obtaining quotes that are usable without major upgrading are much
more likely after a pre-bid meeting. This meeting might prevent a full re-bidding process
that might be necessary if vendors misinterpret requirements or are not able to offer
equipment in accordance with the inquiry.

Evaluation of Bids After the bid requisition has been prepared and sent to the
approved pump vendors for quotation, it is time to start preparing bid review documents.
Both commercial and technical evaluations will be necessary and can be accomplished on
the same or separate documents.

Review Strategies Review strategies differ between projects and clients. Often, tech-
nical reviewers are not made aware of the quoted costs and are concerned only with tech-
nical specification compliance and scope of supply. In this case, the commercial evaluation
is done by others. The final comparison of costs can be made after the various vendors
quotes are conditioned to meet all technical requirements. If the cost is withheld from the
technical reviewer, an important piece of evaluating information is missing, which
increases the chance of missing key requirements. Based on a quick comparison of cost,
it is easy for the document reviewer to establish the quoted general scope for each ven-
dor. If large cost differences are noted between vendors, the reviewer must carefully deter-
mine what major differences in quoted scope likely exist.

The number of quotes that will be fully evaluated will depend partly on the number
received. The goal is to ensure that the least expensive, technically acceptable bidder can
be determined while also minimizing evaluation hours.

Short Listing of Quotes When bids are first received, a quick commercial and techni-
cal tabulation is often prepared that lists the main scope of supply, extent of specification
compliance, major deviations, and the associated total cost. This is done to get a general

Bid Preparation Time

Application Weeks Required

Pre-engineered and conventional pumps—6 in 
(152 mm) discharge and smaller 2—3

Pumps with 8 in to 48 in (203 to 1219 mm) discharge 3—4
Larger pumps or multiple pump requisitions 4—6
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idea of the completeness of the quotes as well as to provide information to determine
which of the quotes will be fully evaluated.

Technical Bid Evaluation Quotations must be evaluated against the specified require-
ments. Avoid a temptation to conditions bids so they are apples to apples. Comparing
apples to oranges is acceptable providing that specified requirements are met. Profes-
sional ethics prohibit giving a vendor’s better idea to competitors. A vendor should be
encouraged to use ingenuity when preparing a quotation. One vendor’s ingenuity should
never be shopped around to the others.

After the decision is made on which bids to fully evaluate, the formal review and con-
ditioning process can begin. A technical bid tabulation form is necessary to ensure that
the equipment is provided in compliance with the requisition. This tabulation will list
the important points of each vendor quote in table form. Each quote is then compared
line by line.

Items that are usually contained in a technical bid tab include

• Equipment model number and size
• Compliance with process duty requirements (flow, head, NPSHR, and so on)
• Mechanical design limitations (pressure and temperature)
• Mechanical and hydraulic operating parameters (such as brake horsepower, head rise to

shutoff, capacity rise to run out, percentage of best efficiency point)
• Mechanical design features (such as materials of construction, seal type, seal flush type,

bearing and lubrication type)

When the technical bid evaluation form is being completed, the reviewer must high-
light all items that do not meet requisition requirements or that are not clearly defined in
the vendor’s quote. In addition, features of the vendor’s quotation should be highlighted to
clearly indicate advantages, disadvantages, ambiguities, and non-compliances. A typical
API-610 pump technical bid evaluation is shown in Figures 8a to 8c.

Technical Quote Clarification Questions When the initial review is complete, a list
of clarification questions needs to be prepared and sent to each vendor being evaluated.
Questions should be direct and concise to ensure that responses answer the questions
asked. The vendors must be encouraged to provide cost adders, if necessary, to meet req-
uisition requirements. It is usually appropriate to allow the vendors one week to reply.

When answers to the clarification questions are received, the bid tabulation must be
updated to include any revisions in the vendors quotation. Care must be exercised in
tracking revisions to the original quotation. If additional clarification is needed, there are
various ways to go about it, depending on the situation. Some suggestions are detailed in
the following sections.

Telephone Inquiry This method should be discouraged in all but the simplest cases. If
used, notes of the telephone conversation must be recorded and filed for later reference.
The applicable portion of the vendor quotation should be marked to reflect any changes,
with proper reference made to where and why the changes were made. The vendor should
confirm all answers in writing, even to verbal questions. Good documentation is neces-
sary to clarify any future misunderstandings either before or after a purchase order is
placed.

E-mailed and Faxed Questions and Answers It is preferable that questions be asked
and answered by e-mail or fax. This will provide a positive information trail and can be
as timely as a telephone conversation. Each vendor will require approximately one week
to reply to this second round of questions.

Vendor Clarification Meeting Many factors will be used to determine if a vendor clar-
ification meeting is necessary. Is the potential value of the order high enough to justify
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FIGURE 8A Typical API 610 technical bid evaluation, page 1 of 3
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FIGURE 8B Typical API 610 technical bid evaluation, page 2 of 3
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FIGURE 8C Typical API 610 technical bid evaluation, page 3 of 3
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the vendor’s (or purchaser’s) expenses associated with the meeting? Is the equipment suf-
ficiently complex to warrant a face to face meeting to ensure full understanding between
the vendor and purchaser? Is timing so critical that this method needs to be used to accel-
erate the clarification process?

As with any vendor communications, it is important to precisely minute all discussions
during the meeting. The vendor and purchaser must both agree on the content and action
items that have been noted. Agreements with commercial impact should be confirmed in
writing by the vendor. Action items should be assigned to a specific individual with an
agreed-upon closure date for each item.

Commercial Evaluation During Technical Evaluation Prior to completion of the tech-
nical evaluation, certain commercial items can be reviewed and negotiated with the ven-
dors being evaluated.Terms and conditions of payment, guarantee/warranty, and proposed
delivery schedule can usually be discussed in parallel with the technical conditioning of
the bids.

Technical Purchase Recommendation When all issues of bid requisition non-com-
pliance have been satisfactorily addressed, the engineer must recommend which vendor
or vendors may be considered for purchase of the required pump. Usually, part of this rec-
ommendation is the completed and signed technical bid tabulation. The final bid tabula-
tion may show that all (or none) of the vendors are in complete compliance with all
requisition requirements.The bid tab should clearly show where all noncompliance occurs.
On the tabulation, a statement of technical compliance or non-compliance for each quote
that has been reviewed must be provided. Notes that clarify any ambiguous line item on
the tabulation are highly recommended so reviewers will have as few questions as possi-
ble on the bid tabulation content.

The bid tab should be attached to a recommendation memo or letter that states the rec-
ommendations and provides adequate justification. If a vendor is not in full compliance
with the bid requisition, this should be noted, along with other reasons that support the
recommendation. All revisions made since the original submission of the quotations that
are necessary for purchase must be addressed. This might take the form of a scope of sup-
ply listing for each recommended vendor that clearly defines what must be purchased to
meet the requisition requirements.

If a vendor is clearly favored over others for technical reasons, this must be clearly
stated. Because the purchase order is usually given to the lowest cost technically accept-
able bidder, this type of preference must be compelling.

For vendors that have been listed as technically acceptable, recommended for pur-
chase, a list that addresses vendor’s exceptions to requisition requirements should be
attached. These exceptions should be justified in the technical purchase recommendation.

Commercial Purchase Recommendation After the technical recommendation for
purchase is complete, the commercial purchase recommendation may be completed. In
addition to including the technical bid analysis, this recommendation should cover the fol-
lowing items (if applicable):

1. Listing of original vendor bid scope of supply and the associated cost(s)
2. Listing of revisions to the vendor’s original quotes needed for requisition compliance

with the associated cost(s)
3. Required spare parts cost
4. Shipping costs
5. Miscellaneous costs associated with documentation, inspection, and so on
6. Utility consumption cost evaluation
7. Agreed delivery schedule
8. Exceptions taken to commercial terms and conditions
9. Economic adjustments for different terms of payment
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At this point, the purchase recommendation can be made, usually based on the lowest
cost technically acceptable bidder.

Final Purchase Decision and Purchase Order Issue Now that the commercial pur-
chase recommendation is complete, it is forwarded to the parties responsible for making
the purchasing decision. After the selection is made, the engineer must decide if additional
discussions with the vendor are needed prior to issue of the purchase order. For complex,
costly equipment, and large orders, this extra discussion often takes place in a pre-award
meeting.

During this meeting, the final agreed-upon equipment, technical, and commercial
requirements are confirmed. A final review of the vendors technical exceptions to the req-
uisition can also be completed at this point. As with previous meetings, recording all dis-
cussions and agreements is very important. Both parties should read and sign the
meeting notes.

After final discussions are complete, the last step in purchasing the pump is the issue
of the purchase order.

Because the paper trail for the purchasing cycle can be very complex, it is strongly sug-
gested that the purchase order be a stand-alone document. It may or may not be sufficient
to only reference previously transmitted narrative specifications. Many options are likely
to have been discussed and agreed to during the process. All these agreements, even if
properly documented during the process, should be incorporated into the purchase order.
This includes revising data sheets as necessary and also incorporating agreed vendor
exceptions to the inquiry. Don’t make determining the requirements a treasure hunt for
anyone involved later in the execution of the order.

Often it takes several days (or weeks) to incorporate all agreements to the various doc-
uments that are contained in the requisition. In order to permit the vendor to proceed in
advance of the formal purchase order issue, a letter can be written by the purchaser that
confirms the order and requests the vendor to begin work immediately.

Summation of Pump Purchase Cycle API-610 was used as the base document to
specify the pump included for the hypothetical purchase in this chapter. It is considered
a complex pumping service. Because of this, a large amount of documentation is neces-
sary to describe the purchase requirements.

The other end of the spectrum might be the purchase of a standard drum pump
directly from a supplier’s catalog. In this case, a single page purchase order listing the
model number and any available options would be adequate to ensure the correct selection
for this simple service.

SELECTING AND PURCHASING PUMPS IN THE INFORMATION AGE _________

Many firms are applying emerging information technologies during the process of selec-
tion and purchasing pumps to improve their competitiveness. Computer-based applica-
tions are often used to aid in generating pump proposals or to check part inventory status.
Design departments use CAD/CAM systems to shorten the design cycle and run simula-
tions using structural finite element methods. However, the use of computer technology
alone does not guarantee a measurable economic benefit.

Organizational and process changes are usually necessary to achieve the benefits of
computer automation.These process improvements often extend beyond a single firm with
the formation of formal and informal alliances between pump users, owners, engineering
contractors, architect-engineers, pump suppliers, and other equipment suppliers. These
trends place a greater emphasis on the purchaser-supplier interface during the pump
selection process. From the purchaser’s perspective, the optimal choice of pumping equip-
ment has significant cost implications over the service life of the equipment. From the
manufacturer’s perspective, configuring the preferred offering of pumping equipment is
crucial in securing a competitive advantage during the purchase evaluation.

The information age is redefining virtually all aspects of conducting business includ-
ing the way pumping systems are designed, evaluated, procured, manufactured, and main-
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tained through their entire lifecycle. In this section, the process of selecting and purchas-
ing pumps will be revisited in the context of the way critical information is communicated
between pump purchaser and supplier. Then, four of the emerging information technolo-
gies that are contributing to improved quality and cycle time in the overall process will be
described.

Information Flow Between Purchaser and Supplier Following the decision that
pumping equipment is required, an Inquiry/Proposal process is undertaken involving the
six major steps outlined in this chapter: (1) engineering the pumping system, (2) select-
ing the pump and driver type, (3) pump specification and data sheet preparation, (4)
inquiry and quotation (proposal), (5) evaluate of bids and negotiation, and (6) purchase
the selected pump and driver. The entire process is information intensive, consisting of
both technical and commercial information. The first three steps of the process (steps 1—
3) are technical in nature, involving the exchange of system design, pump specifications,
and performance and construction details of the pump. The last three steps of the process
(steps 4—6) transition toward the commercial elements of the purchasing decision such as
equipment costs, life cycle cost evaluations, terms and conditions, and delivery lead-times.
This flow of technical and commercial information is ascribed by the Inquiry—Quotation
information exchange depicted in Figure 9.

This Inquiry—Quotation information exchange is not limited to only one purchaser-
supplier interaction. With each new procurement opportunity, this information exchange
effects every trading partner participating in the entire supply chain. Consider the sim-
plified example (in Figure 10) of an Operating Company that gives three Engineering/
Design contractors the opportunity to bid on an expansion of a chemical process plant. If
each of these contractors issues three inquiries to pump manufacturers, nine inquiries are
issued. Now, if each manufacturer issues three inquiries to their sub-suppliers, a total of
27 inquiries are pending for this single plant expansion. In the end, only one contractor,
one equipment-supplier, and one sub-supplier actually receive orders to supply equipment
for the project. Thus, only 3 inquiries out of 27 representing 11% of the total application
and quotation effort represent “useful” work. These engineering costs are recovered only
when equipment is actually purchased. The cost of the other 89% of effort by those partic-
ipants in the Inquiry/Proposal process who did not receive a customer order are “wasted”

FIGURE 9 Purchaser supplier information exchange
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FIGURE 10 Multi-firm information flow

and absorbed as a sales and engineering overhead. This example actually understates the
total number of inquiries issued indicating that the “wasted” effort is probably much
greater than calculated.

To reduce costs, purchasers are seeking ways to reduce the engineering resources
required to process this information without compromising the quality of the competitive
evaluation. Similarly, suppliers are developing methods for responding to inquiries (or
requests-for-quotation [RFQ]) with less resources and effort while striving to still provide
high quality quotations to their customers. Simplifying the inquiry-quotation process is an
attractive proposition for both purchaser and manufacturer.

Strategies for Improving the Selection and Purchasing Process Both purchaser
and manufacturer in the Inquiry/Quotation Process are striving to enhance their com-
petitiveness by reducing costs through process and information technology-oriented pro-
ductivity improvements. Intracompany productivity gains have been the focus of many
internal reengineering programs within a given firm. By their nature, these gains are lim-
ited to changes made within a single company and cannot effect improvements between
multiple companies. However, the “ripple effect” on the total cost across multiple firms,
described earlier, is a significant cost and represents a relatively unexplored opportunity
for Intercompany productivity gains. Some of these cooperative strategies engaged by both
purchaser and supplier include the following:

• Form alliances to streamline the Inquiry/Quotation process and flow of information
across multiple firms

• Reduce the number of participants in the process by defining a preferred set of cus-
tomers and suppliers

• Move the pump selection task earlier in the pumping system design process by provid-
ing purchasers’ access to computerized selection programs allowing the purchaser to
optimize their process design

• Structure the flow of information between companies to reduce ambiguity and enhance
common work processes

Existing and emerging information technologies offer a technology platform necessary
to implement many of these strategies. The next section describes four of the information
technologies that are particularly important in improving intercompany activities in the
selection and purchasing process for pumping equipment.
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Applications of Emerging Information Technologies Information Technologies are
used throughout the design, manufacture, and maintenance of pumping equipment and
systems. With respect to the specific activity of selecting and purchasing pumps, there are
four important information technologies that are playing a more meaningful role, includ-
ing (1) Pump System and Selection Programs, (2) Pump Configuration and Pricing Sys-
tems, (3) Electronic Data Exchange, and (4) the Internet.

Pump System and Selection Programs Designing the piping network and sizing the
components for a pumping system are performed very early in the overall pump selection
and purchasing process. The piping system design involves numerous components that
introduce friction losses in the system. These must be calculated in order to estimate the
behavior of the system resistance curve needed to properly size the pumps needed in the
system. Changes in process conditions (pressure, temperature, fluid properties, tank ele-
vation, and so on) or multiple/variable branch systems introduce additional operating con-
ditions in the system design that must be predicted. This design process, when done
manually, is tedious and time-consuming. However, handling design iterations and per-
forming system optimization studies have become more practical with the use of com-
puterized design and analysis programs.

Use of design and analysis programs became more prevalent in the mid-1980s with the
advent of personal computers as powerful engineering workstations on the desktops of
pumping equipment designers. These computers, with their easier to use software inter-
faces, encouraged the development of more robust and capable software applications that
were more economical to deploy. Consequently, a substantial amount of effort went into the
development of engineering programs dedicated to the sizing of piping systems, pumps,
and other components.

Numerous Piping System Design/Analysis computer applications are now available to
aid in the design or analysis of piping systems and their components. Most of these pro-
grams are based on simultaneous path solutions. The more complete programs easily
model piping networks and are capable of calculating friction losses through pipes and fit-
tings. They also contain large libraries of standard pumped liquids and their fluid proper-
ties such as density, viscosity, and vapor pressure as a function of temperature. These
programs are more time-efficient and give more predictable results than former manual
methods.

Some of these piping design/analysis programs also contain integrated pump selection
programs. Performance curves from various pump manufacturers are digitally pro-
grammed and accessed by the program to establish preliminary pump performance and
design specifications. These programs can be reasonably sophisticated, using specialized
mathematical algorithms to predict pump performance under varying operating condi-
tions of speed, temperature, NPSHA, pressure, viscosity, and so on. Some are even capa-
ble of adjusting performance based on alternative mechanical seal design, wearing ring
design and clearance, bearing design, materials of construction, or other mechanical
design features. There are over 30 different pump selection programs used in the industry
today (Cotter, 1996). With few exceptions, these pump selection programs were specially
developed by each pump manufacturer using proprietary selection and searching meth-
ods. These programs are available under a licensing agreement directly from the pump
manufacturer and are usually the same programs used by their internal applications engi-
neers. Some third-party programs are available incorporating product lines from multiple
pump manufacturers. Versions of both manufacturers and third-party programs are read-
ily available for download from the Internet.

Pump system and selection programs have improved the ability to evaluate large num-
bers of alternative design alternatives in a short period of time. Accurate performance cal-
culations, even with variable pump speeds, fluid properties (viscosity, temperature,
pressure), and mechanical configurations are readily predicted. Design and calculation
errors have diminished and the overall quality of the process has greatly improved.

Pump Configuration and Pricing The primary tool that pump manufacturers tradi-
tionally use during the Inquiry/Quotation process is commonly known as the Pricebook.
The Pricebook is a manual that contains extensive pump performance curves, materials



11.34 CHAPTER ELEVEN

of construction, engineering data including dimensions and cross-sectional drawings, a
plethora of guidelines on proper application of pumping equipment, and pricing informa-
tion. Essentially, the Pricebook is an engineering design, specification, and pricing man-
ual used by a trained pump applications engineer to convert a customer’s inquiry into a
customized quotation. These quotations include datasheets, performance curve, general
arrangement drawings, and a price quotation including terms and conditions. In many
cases, alternative selections, comments to the customer’s specification, or other supple-
mentary information are provided. The diverse array of information, expertise, and
resources needed to generate a customized proposal has prompted the need to systematize
the selection and configuration process using computer-aided tools.

Some manufacturers have responded by developing computerized product configura-
tors. Product configurators aid the applications engineer in developing a pump quotation
according to a prescribed product configuration model. These configurators are based on
design rules and configuration rules that limit configuration choices. Examples of design
rules are maximum casing pressure, maximum pump torque for a given shaft design, or
the allowable temperature range for a given material. Using these design rules, a config-
urator could automatically upgrade a flange rating on a casing based on casing pressure
or restrict the use of a gasket material as a function of temperature. Similarly, configura-
tion rules ensure that a complete and permissible pump scope-of-supply is generated. For
example, the mechanical seal type dictates the list of allowable seal flush piping options
or the choice of pump and motor automatically defines coupling size required. These rules
are coded into a knowledge base and serve to enforce product standardization and reduce
configuration errors.

The pump selection program and the product configurator are the hub of the computer-
aided tools used by the pump supplier to produce customized quotations. Supplementary
programs are used to develop additional information such as pump performance curves,
datasheets, general arrangement/outline drawings, and price make-ups. These programs
have reduced the quotation cycle time while improving the quality and accuracy of the
technical and commercial information required by the purchaser.

Electronic Data Exchange The communication of inquiry and quotation information
is still predominately managed through paper-based methods in spite of the increasing
use of computer-aided inquiry and quotation systems. The exchange of pump technical
data has been traditionally handled using the pump datasheet. Both purchaser and man-
ufacturer have developed their own datasheet formats. Consequently, each datasheet
exchange requires a laborious translation and interpretation of information from one
datasheet format to another.

With the implementation of computerized selection programs and bid-tab programs,
this manual translation represents a lost opportunity to streamline the data communica-
tion process. In response, some firms have developed proprietary data exchange formats
to leverage their own proprietary systems. Unfortunately, that approach has only shifted
the burden to their trading partners who must develop special data translators to accom-
modate this wide variety of datasheet formats. It has been shown that the total number of
translators needed for M data exchange formats follows the relationship, M � (M � 1).
Therefore, 3 unique data formats require 6 translators, whereas 10 unique formats require
90 translators.

To halt this trend, a neutral data exchange specification was developed under the aus-
pices of the American Petroleum Institute’s Standard 610, Centrifugal Pumps for Petro-
leum, Heavy Duty Chemical, and Gas Industry Services (8th edition, August, 1995). This
is used to exchange structured pump technical information reliably and efficiently
between trading partners requiring each firm to develop only two translators (that is,
input and output) to exchange pump data. The same neutral data exchange format has
been adopted by Process Industry Practices (PIP). A number of purchasers and manufac-
turers are now using the data exchange file during the Inquiry/Quotation phase.

The Internet The use of the Internet has grown dramatically since the advent of the
World Wide Web (WWW) in the mid-1990s. The rate of change on the Internet is witnessed
in terms of days rather than years. Information or Web sites that exist on the Internet
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today may be eliminated or replaced by tomorrow. As a consequence, any references about
the use of the Internet for the selection and purchasing of pumping equipment will most
likely be obsolete at the time the reader sees it. Nonetheless, it is prudent to anticipate
the effect the Internet will have on this process in the pump industry.

Routine communications between purchaser and supplier are increasingly performed
over the Internet using electronic mail (e-mail). E-mail is replacing both the paper mail-
ings as well as the use of the fax because of its rapid delivery and ease with which mes-
sages are routed to multiple addressees. Other electronic documents such as spreadsheets,
proposals, and drawings are readily communicated as file attachments in e-mail mes-
sages. Similarly, most purchasers and suppliers are developing, or re-developing a pres-
ence on the Internet with their own Web sites.These sites started as relatively simple sites
displaying information about the company, its products, and company contact information.
These sites improve the access of general information between trading partners, often
replacing the need for mailing of brochures or other marketing information. More sophis-
ticated sites are capable of conducting electronic commerce (e-commerce), described next.

The Internet is rapidly becoming the medium by which business-to-business (B-to-B)
or electronic commerce will be conducted between trading partners in the future. The
pump selection and purchasing processes described in this chapter will be substantially
performed across the Internet in the future. Purchasers and suppliers will team up by
either contacting each other through their own Web sites or by meeting through special
“portals” or exchanges specifically established on the Internet for pumping equipment.
These exchanges provide a natural place to host bulletin boards or discuss technical issues
about pumping equipment. The pump system and selection processes described earlier
will be Web-enabled, allowing users to perform these activities directly on the Internet.
Similarly, the process of electronic data exchange will be performed across the Internet
using structured data exchange methods that eliminate the manual re-entry of technical
information between different systems. Standards created by either international stan-
dard bodies or a de facto standard created by a commercial entity will provide the neces-
sary framework for this data exchange.

Finally, the actual business transactions involving inquiry, quotation, purchase order,
and invoice will expand over the Internet. This process will evolve starting with
commodity-type pumps and eventually will involve more sophisticated types of pumping
equipment. Interactions during the order fulfillment cycle will be available such as order
status information. Drawings, certifications, test data, and other technical information
will be available as secure business transactions. The use of voice and video are also capa-
ble of replacing face-to-face meetings or equipment inspections that often involve detailed
coordination and expensive travel.

SUMMARY __________________________________________________________

The basic activities involved in the selection and purchasing of pumps as described at the
beginning of this chapter are substantially the same now as in the past, and will be in the
future. However, the processes and technologies employed in performing these activities
are changing rapidly because of the Information age. The motivations surrounding these
changes are driven by the desire for shorter cycle times, higher quality, and lower costs in
the selection and purchasing process.These objectives are driven by the availability of new
and emerging information technologies that offer a seamless and structured flow of infor-
mation between the purchaser’s and the supplier’s sales, applications, engineering, and
manufacturing functions. The availability of computer systems guarantees only that the
infrastructure is in place to achieve the anticipated benefits. However, common work prac-
tices in both an intercompany and intracompany environment must be adopted and
adapted to these new technologies. These process changes, not the availability of new
information technologies, will govern the speed at which the pump industry changes in the
future.

The emergence and use of new information technologies such as pumping system and
selection systems, product configurators, electronic data exchange, and the Internet were
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described. These technologies are in use today, but will be “re-invented” on the Internet in
the future in ways that cannot be fully anticipated. However, the rapid changes brought
on by the Information age must be recognized for what they are—a support process in the
selection and purchase of pumping equipment. The information age will support, but not
replace, the basic requirement to design, select, configure, and manufacture high quality
and reliable pumps that support a substantial part of our modern life and industry today.
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