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VISION 
To become a globally recognized association for certification of professional engineers. 

 
 
 

MISSION 
 
Based on engineering first principles and practical real world applications our curricu-
lum has been vetted by academic and industry professionals. Through  rigorous study 
and examination, candidates are able to prove their knowledge and experience. This 
body of certified professionals engineers will become a network of industry profes-
sionals leading continuous improvement and education with improved ethics. 

ABOUT 

International Association of Certified Practicing Engineers provides a standard of pro-
fessional competence and ethics. Identifies and recognizes those individuals that have 
meet the standard. And requires our members to participate in continuing education 
programs for personal and professional development. 

In additional to insuring a professional level of competency and ethics the IACPE fo-
cuses on three major areas of development for our members: Personal, Professional, 
and Networking. 

HISTORY 

The International Association of ertified Practicing Engineers concept was ormulat-
ed by  he  any oung professionals and students  e eet during our careers 
working  n the field, running training courses, and lecturing at universities. 

During question and answer sessions we found the single most common question 
was: What else can I do to further my career? 

We found, depending on the persons avail able time and finances, and very often de-
pendent on the country in which the person was from, the options to further ones 
career were not equal. 

Many times we found the options available to our tudents in developing countries 
oo costly and or provided too little of value in an expanding global business 

 

The reality is that most of our founders come from countries that require rigor-
ous academic standards at four year universities in order to achieve an engineering 
degree.  Then, after obtaining this degree, they complete even stricter government 
and state examinations to obtain their professional censes in order to join profes-
sional organizations. They have been fforded  he opportunity  o continue  heir 
personal and professional development with many affordable schools, programs, and 
professional organizations. The IACPE did not see those same opportunities for every-
one in every country. 

So we set out to design and build an association dedicated to supporting those engi-
neers in developing in emerging economies. 

The IACPE took input from industry leaders, academic professors, and students 
from Indonesia, Malaysia, and the Philippines. The goal  was  to  build  an  organiza-
tion that  would validate  a candidates  engineering  fundamentals,  prove  their  
individuals  skills,  and  enhance  their  networking ability.   We wanted to do this 
in a way that was cost effective, time conscience, and utilized the latest technologies. 
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Summit Technology Management is a technical consultancy group, providing specialized  
services and training to improve process plant operational efficiency, profitability and safety. We 
provide engineering solutions by offering training, technical services, best practices, and equip-
ment to meet the specific needs of our partner clients. 

ÿ Basic Design Packages 
ÿ Detailed Design Packages 
ÿ Commissioning of Process Units 
ÿ Process Engineering Studies 
ÿ Bench Marking of Process Units 
ÿ Regional Training Conferences & In

-House Training 

ÿ Singapore & Malaysia Company 
Registration & Set Up  

ÿ Specialty Equipment: Distillation 
Equipment, Filter Skid Packages, 
Compressor Knockout/Scrubber 
Skid Packages, Mercury Removal 
Skid Packages 

www.summit-tech-mtg.com 
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Introduction 

As any industrial activity, the crude oil refining in-

dustry aims to get profits through the commerciali-

zation of derivatives of interest to society. In this 

sense, the downstream sector aims to add value to 

the crude oil through a series of chemical and 

physical processes aiming to obtain marketable 

crude oil derivatives with the lower environmental 

impact as possible.   

Refiners profitability is directly proportional to his 

capacity to add value to the processed crude oil, 

aiming to maximize the production of high added 

value streams and derivatives. Equation 1 presents 

a simplified concept of the liquid refining margin.  

 

 

 

(1) 

 

The first term in Equation 1 corresponds to the 

obtained revenue through the commercialization of 

the crude oil derivatives, represented by the sum 

of the product between the derivative market val-

ue and the volume or weight commercialized.   

As aforementioned, the profitability or refining 

margin is directly proportional to the refinery ca-

pacity to add value to the processed crude slate, 

the maximization of higher added value deriva-

tives lead to the maximization of the first term in 

the Equation 1.   

Refining Configurations and Profitability 

The maximization of high added value derivatives 

is directly related with the adopted refining 

scheme, Figure 1 presents a basic process flow 

diagram to a typical refinery operating with the 

“Topping” refining configuration, considered the 

simplest and with the lower complexity of the 

available refining schemes.  

Nowadays, this refining scheme is less practicable 

once the purely physical processes difficultly 

achieve an economically attractive level of crude 

oil conversion, furthermore, the produced deriva-

tives have high contaminants content, especially 

sulfur and nitrogen, making prohibitive his com-

mercialization as final derivatives without infring-

ing the current environmental regulations, in this 

case, the derivatives can be commercialized as  

Building a Better Competitive  
Positioning in the Downstream  
Industry – Crude Oil Refining Economy 
Dr. Marcio Wagner da Silva  
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intermediate streams that have relatively low add-

ed value. The quantity of asphalt and fuel oil 

which are products with low added value and re-

stricted market produced in a Topping refinery 

makes his operation uncompetitive economically. 

In this cases, the profitability is normally reached 

only under the processing of specific crude oils 

(lighter and with lower level of contaminants), 

that have high acquisition cost and restrict supply 

market, leading to a competitive loss.  

The addition of higher capacity of treating and 

conversion, especially of bottom barrel streams 

makes the crude oil refining scheme more com-

plex, however, raises the yield of high added value 

derivatives, contributing positively to improve the  

refining margin, according to Equation 1. Figure 2 

shows a typical process flow scheme for a refin-

ery operating under the Coking/Hydrocracking 

refining configuration. It’s important to highlight 

that the raise of refinery complexity also tends to 

raise the operational costs.  

 

In the Coking/Hydrocracking refining configura-

tion, the production of fuel oil and asphalt is re-

duced to the minimum needed to meet the availa-

ble market consumer, delayed coking and hy-

drocracking units raises the production of higher 

added value derivatives as naphtha, diesel, and 

kerosene that allow a significant improvement in 

the refiner profitability.  

Figure 1 – Typical Process Configuration to a Refinery with “Topping” Refining Configuration  
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Strategies to Raise Refiners Profitability 

Even in complex refineries, a common strategy to 

maximize the liquid refining margin is add to the 

high added value derivatives the maximum quanti-

ty of streams with low added value to compose 

the final derivative. However, it’s necessary to 

meet some restrictions as presented in Figure 3.  

The hydrocarbon mixture which will compose the 

final derivative needs to respect some restrictions 

as the available component stocks, market de-

mand, the refining hardware limits, keep the pric-

es attractiveness, and, mainly meet the quality and 

environmental regulations. The region limited by 

these restrictions is called “blending space” and,  

respected these restrictions, is possible to blend 

the low added value streams to compose the final 

derivatives.   

 In the Equation 1, the term Pc corre-

sponds to the acquisition cost of the crude oil, 

the refiners normally don’t have control about the 

market and the acquisition cost of petroleum that 

is controlled by the geopolitical scenario and the 

international market. The cost reduction in the 

crude oil acquisition can be achieved through the 

processing of heavier crude oils which have rela-

tively low cost, however, due to the lower distil-

lates yield and higher contaminants content, the 

processing of heavier crude slates requires  

Figure 2 – Process Arrangement for a Typical Refinery Operating Under Coking/Hydrocracking  

Configuration  
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refining configurations with higher conversion ca-

pacity raising the operational costs.   

 

The fixed and variable costs, (Fc + Vc) in Equation 

1, represents the operational costs of refiners. 

Figure 4 shows a simplified scheme to the profita-

bility in the downstream industry, highlighting the 

refiners cost composition.   

 

According to Equation 1 and Figure 4, an attrac-

tive strategy to maximize the refiners profitability 

is to reduce the operational costs. Energy con-

sumption in the refining hardware is responsible 

by the major part of the variable costs, in this 

sense, an adequate energy management plan has a 

key role to allow that the refiners achieve higher 

economical results. 

 

Another factor with great relevance in the refin-

ery profitability is the equipment availability that is 

directly related to the maintenance management  

aiming to ensure market compliance and avoid 

production loss events due to equipment unavaila-

bility. Currently, the downstream industry has 

been looked to achieve a prescriptive model in 

the asset management in the sense of to anticipate 

to failures of critical equipment's, minimizing loss-

es of production or market opportunities. Figure 

5 introduces the evolutive pathway in the mainte-

nance management highlighting the characteristics 

of the prescriptive model.    

 

In real scenarios, it’s necessary to take account 

seasonality factors in the demand by derivatives as 

well as regional peculiarities that can represent 

specific markets to refiners. The adoption of more 

complex refining schemes and with higher conver-

sion capacity need be accomplished by a deep 

market study aiming to ensure a constant demand 

by higher added value derivatives once the capital 

cost is significantly higher as well as the operation-

al costs, in other words, the revenue expected by  

Figure 3 – Schematic Representation of the “Blending Space” to Crude Oil Derivatives  



PAGE 10 

 

the derivatives commercialization need to justify 

the raise in the operational costs and improve the 

refining margin, according to Equation 1.    

 

One of the most relevant issues in the current 

scenario of the downstream industry is the new 

regulation on Marine Fuel Oil (BUNKER), IMO 

2020. The new regulation requires the reduction 

in the sulfur content in this derivative from the 

current 3,5 % (m.m) to 0,50 % (m.m), according 

to the adopted strategy, the compliance with IMO 

2020 can impact in a significative way the profita-

bility of some refiners.  

 

In a first moment, some refiners can opt to pro-

cess crude oils with low sulfur content, however, 

these crude oils have higher acquisition cost and, 

after the start of new regulation his cost should 

raise even more and his availability in the market 

tends to fall creating more pressure over the re-

fining margins (term Pc in Equation 1).  Another  

possible strategy is applying the noblest streams, 

normally directed to produce middle distillates, as 

dilutants tom produce the BUNKER with low sul-

fur content, this can lead to a scarcity of interme-

diate streams, raising the prices of these commod-

ities. The market of high sulfur fuel oil tends to 

suffer a strong reduction, once the higher prices 

gap in relation to diesel should make his produc-

tion poor economically attractive.    

 

The implementation of deep conversion units to 

add value to bottom barrel streams can be an in-

teresting alternative, however, the implementation 

of these units like residue fluid catalytic cracking, 

hydrocracking, and deep hydrotreating have high 

capital cost and long term of execution.   

Figure 4 – Simplified Scheme to the Profitability in the Downstream Industry  
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Figure 5 – Evolutive Pathway in the Asset Management (MindIT Company, 2018) 

Conclusion 

The current scenario of the downstream sector requires higher optimization of the refining hardware aim-

ing to minimize the operational costs and add maximum value to the processed crude oil, in this sense, 

ensure the operational continuity through adequate maintenance management and reliability is fundamen-

tal to keep the financial health of refiners, mainly in highly competitive markets. The volatility in the prices 

of crude oil and derivatives are constant challenges to refiners and the decision making of capital invest-

ments, however, as discussed above there are available strategies to overcome the current and future chal-

lenges.    
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The world is becoming more conscious of green-
house gases (GHG) & it’s estimated that nearly 
10% of the electricity usage is from operating 
pumps ranging from domestic pumps, sewerage 
pumps, air conditioning and in every other industri-
al application. The mechanical aspect of centrifugal 
pumps have changed fairly little in the last 5 dec-
ades, but what has brought a vast change in pump 
performance is the control system based on a vari-
able frequency drive (VFD).  

A centrifugal pump consists of an impeller in a cas-
ing that raises the fluid’s head for a given speed & 
discharges liquid at a desired pressure. For applica-
tions that require attending to a variable flow sce-
nario, a flow control valve is installed at the pump 
discharge that throttles fluid pressure to achieve 
the desired flow. But such methods cause a loss of 
energy that was initially used to raise the fluid’s 
pressure in the pump.  

With the advent of variable speed drives consisting 
of a pressure sensor & piece of circuitry that alters 
the frequency of the electric current, the pump’s 
speed parameter can be altered to achieve the re-
quired flow & also avoid throttling using a flow 
control valve. VFD’s although tend to cause a tem-
perature rise in the circuitry, sometimes require 
ventilation systems being incorporated for cooling 
purposes. 

Advantages of Variable Frequency Drives 

1. VFD’s when newly fitted or retrofitted to ro-
tating machinery such as pumps are referred to 
as variable speed drives (VSD). For applications 
where the duty is expected to be constant 
without much variation in process conditions, a 
fixed speed drive (FSD) should be more cost 
effective. But VSD’s are mostly suitable for 
pumping applications where the pump duty is 
not expected to be constant.  

2. Noise & Vibrations are reduced when running 
at lower speeds. 

3. Consumers that use only a small portion of 
rated flow during varying loads would have the 
pump running at full load speed corresponding  

to full load power. In such situations, VFD’s 
help alter the speed to consume less power 
during operation. 

4.  VFD’s reduce the risk of a motor burnout dur-
ing start-up from excessive in-rush current & 
increases the longevity of the equipment.  

When VFD’s Are Not Advantageous 

1. VFD’s are not to compensate for an improp-
erly selected pump.  

2. In systems with high resistance like boiler feed 
water (BFW) pumps where the pump has to 
generate high starting torque to overcome 
the static head, VFD’s do not offer much in 
terms of providing high start-up torque. 

3. Performance curves that cause the operating 
point to fall off the Q vs. H curves cause the 
operating point to operate closer to the stall 
region at lower speeds which can cause cavi-
tation. In such situations, a new pump with a 
discharge throttle valve is required to push 
the operating point into the operating enve-
lope which defeats the purpose of retrofitting 
with a VSD. 

4. At lower speeds, though noise & vibrations 
are reduced, chances exist for structural res-
onance that can compromise the integrity of 
the bearing house and support structures. 

Selection Process - New Pumps 

1. For new pumps its common to oversize the 
pump but this is not recommended as it adds 
higher initial cost & higher life cycle costs.  

2. When selecting a rotodynamic pump in com-
bination with a VSD for a system with some 
static head, a pump should be chosen such 
that the maximum flow rate is slightly to the 
right-hand side of the best efficiency point 
(BEP). The exception is for a constant flow 
regulated system, in which case the recom-
mendation is to select a pump that operates 
to the left hand side of BEP at maximum pres-
sure. This approach optimizes pump operating 
efficiency. 

 

Old Affinity Laws for Variable Speed 
Centrifugal Pumps 
Jayanthi Vijay Sarathy, M.E, CEng 
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3.  Some operating profiles may be satisfied best by 
installing multiple pumps, which could be fixed 
or variable speed. On/off control can be used 
to vary flow rate for systems in which intermit-
tent flow is acceptable. 

Selection Process - Retrofit Pumps 

1.  Often a contingency of 20% - 25% on the re-
quired system head is added. Therefore retro-
fitting with VSD’s could match pump systems 
to actual system requirements more accurately 
to save considerable amounts of energy. 

1. When adding a VSD to an existing electric AC 
motor, the electrical characteristics of the mo-
tor & the frequency converter must match. 
Variable frequency drives work on the principle 
of altering the frequency of the incoming cur-
rent using a frequency converter that produces 
a change in the synchronous speed of the mo-
tor for a given number of poles. Therefore fre-
quency converters that give smaller levels of 
harmonic current distortion is to be chosen to 
avoid over heating the motor windings and 
avoid the risk of premature failure. 

Performance Curves for VSD Retrofit 

Centrifugal Pumps that run on a fixed speed are 
characterized by a single Q vs. H curve. In the 
event of a retrofit with a VFD, the pump can oper-
ate at various other speeds & correspondingly 
would have their respective Q vs. H curves. 

To estimate the Q vs. H curves at other speeds, 
Fan Laws a.k.a Affinity Laws can be used. Affinity 
Laws are used under the premise that  
1. Liquids are largely incompressible and their 

density [r] remains fairly constant.  
2. Frictional losses due to impeller & casing con-

struction as well as bearing losses exist at low-
er speeds but are considered to be lower than 
the losses experienced at 100% speed.  

As per Affinity Laws, Pump speed [N] is related to 
the Pump Flow [Q], Pump Head [H] & Pump Hy-
draulic Power [P] as, 

     (1) 

     (2) 

     (3) 

Where k1, k2, k3 are constants. 

Once the constants k1, k2, k3 are estimated for the 
rated curve [100% speed], the Q vs. H curves can 
be estimated for other speeds, i.e., 90%, 80%, 70%,  

60%, 50%, 40%, 30%. It is to be noted that the 
pump efficiency for a given flow range and for var-
ious speeds would be fairly constant and these are 
referred to as Constant Efficiency [h] lines. 

To demonstrate the use of Affinity Laws to derive 
Q vs. H curves for various speeds, a case study is 
shown. A motor driven centrifugal pump operat-
ing at 50 Hz, delivers water from 5 bara suction 
pressure to 10 bara discharge pressure. The pro-
cess parameters & performance curves are as fol-
lows,  

Table 1. Pump Process Parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Pump Performance Curves 

Pump speeds chosen for retrofitting are, 

Table 2. Electric Motor Speeds 
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Design Methodology 
As described previously, fan constants k1, k2, k3 are 
estimated for each volumetric flow rate (Q) & cor-
responding head (H) for 100% speed. Using these k 
values, Q vs. H curves is calculated for various 
speeds [Table 2].  

    (4) 

    (5) 

    (6) 

The hydraulic efficiency is estimated as, 

     (7) 

Tabulating the Q vs. H values for the 100% speed 
case, the values of k1, k2 & k3 are, 

Table 3. Fan Law Constants for 100% Speed 

 

Using 100% speed k1, k2, k3 values, Q, H, P, h for 
other speeds shown in Table 2, are, 
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  ����(22) 

  ��� (23) 

With the above set of calculations made, for each 
calculated values of Q, H, P, h for speeds of 90%, 
80%, 70%, 60%, the pump performance curves at 
constant efficiency are as follows, 
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Figure 2. Performance Curves at Constant Efficiency for Various Speeds 
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