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A refinery is really an amazing place. They take in 
millions of gallons of crude oil every day and churn out 
a collection of products (mostly gasoline, kerosene, and 
diesel) that are transported to distribution centers and 
on to the consumers. Now consider:

• they need to effect this refinement of a gunky 
material while making sure the refinery stays 
running all the time;

• they have to balance out the current demand for 
products so that they don’t make too much of an 
abundant product and do not short products in need;

• they can store some of the incoming crude oil, but  
have no significant ability to hang on to all that 
much of this oil in case of plant maintenance, shut-
down, or a sudden change in demand;

• they also only have a small capacity to stockpile  
the products they make;

• they really cannot have any waste;
• they require a lot of water to supply cooling to the 

process (but cannot contaminate this borrowed fluid);
• they push their product into pipelines, trains, 

trucks, ships and typically do not own these assets  
and only have incomplete control over the sche-
duling of transportation;

• they have to reinforce the positive aspects of their 
relationship with the surrounding community; and

• they have to do all this profitably.

From a refinery engineer: 

“We must (and do) execute all of this mistake free. The 
communities in which we operate have great memories and 

a zero tolerance policy when it comes to environmental and 
process safety incidents. Thus, we employ entire buildings 
full of people who work to ensure our safeguards are in 
place, functioning and ever evolving.” 

Cannot store the raw material, cannot store the 
products, cannot have any waste, gotta make money.  
Career change anyone?

If you want bragging rights on who has the biggest 
refinery, you have to be from India (they are #1). The 
number 2 refinery is in Venezuela, the next three are all 
in South Korea. Saudi Arabia and Singapore hold the 
7 and 9 spots. The US has the 6th, the 8th and the 10th 
largest refineries in the world each of which put out 
roughly half the production of India’s Jamnagar complex.  

Although refineries vary in size, capacity, and com-
plexity, the basic fuel-processing functions of each plant 
is the same and can be divided into three sections: 
distillation, molecular manipulation, and blending. I 
have created a flow chart to save a thousand words. 
Crude oil is first distilled at atmospheric pressure to 
separate the components into different streams tied to 
each component’s volatility (or molecular weight). This 
is shown on the left side of the figure and each of the 
output arrows represent increasingly heavy fractions 
of the original crude oil as you scan from top (gases) to 
the bottom of the bottom of that first distillation unit. 
The heaviest fraction from the Atmospheric Distillation 
is then put under vacuum and redistilled to increase 
the yields of the heavier fractions. Roughly half of all of 
the input crude oil is represented by the six horizontal 
arrows in the diagram emanating from the Atmospheric 
distillation. The other half moves through the Vacuum 
distillation and we still capture 80% of this second, 
heavier set as useful fuels.

Meandering Through the Oil 
Industry: Part 3

This technical article is in a series characterizing 
the process that the oil industry follows to bring us 
one of our favorite commodities, the gasoline that 
powers our Classics.  Number 3 in the series: how 
a refinery works.

Refineries for 
Dummies 
By Brian Rohrback

The Anacortes, Washington Tesoro refinery
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Manipulation is where it gets 
complicated. The distillation process 
gives us a series of streams, but there 
is no “gasoline” yet. We are shooting 
to get about a 90% conversion of the 
original oil turned into gasoline, 
diesel and kerosene (a.k.a., jet fuel) 
and we have to consider that every 
input crude is different and the 
demand for various products can 
change. So we take each of these 
streams and send them into a series 
of processing units that change 
the molecular composition and do 
a remix to get reconstituted feeds 
that eventually will get blended 
into gasoline. As complicated as the 
refinery diagram is in my drawing, 
I have simplified it to only reflect 
the parts of the process that make 
up gasoline production (no diesel 
or kerosene lines) and I left out a 
number of steps that are among the 
more arcane (unless you really have 
to do this for yourself).

The petroleum industry is fond of  
using terms that no one under-
stands so my stab at demystification 
is the following:

HDS is most often referred to as a  
hydrotreater (really hydrodesulfuri-
zation), a catalytic process to remove 
sulfur from the fuel components. 
This is done for both the naphtha 
fraction that is naturally in the 
range of gasoline components 
C4-C10 and for the heavies. HDN 
refers to getting rid of the nitrogen 
(hydrodenitrification).

The Butamer unit separates 
branched butane, sending only 
normal (straight-chain) butane to 
the gasoline blender.

Hydro cracking and Fluid Catalytic 
Cracking (FCC) breaks down 
heavier molecules into lighter ones, 
more suited to vehicular use and is 
likely the most important process 
in the refinery. Although shown 

here as a simple box, has many 
components of its own.  This process 
really became important when, in 
1941, we figured out how to do this 
conversion of high-molecular-weight 
hydrocarbon fractions into high 
octane gasoline on a continuous 
basis, rather than batch.
Alkylate does the reverse, 
appending low molecular weight 
hydrocarbons to form longer chains 
(and higher octane) products.
The Isomerate unit and the 
Reformer convert lower octane 
naphtha components (straight 
chains) into higher octane versions 
(branched and aromatic). As a 
byproduct, this part of the process 
makes a lot of hydrogen gas which 
is used in other portions of the 
refinery (helping to crack the 
heavier components).
The Coker is a variant on the heat-
it and crack it theme to make more 

A flow chart mapping the system components feeding a gasoline blender
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useful fuel from the sludge that is 
left after boiling off what we can.  
At some point, we give up and are 
left with asphalt and coke.

All this is to generate six streams 
(more or less) that go into the 
gasoline blender. Three are from 
the light end of the distillation and 
are basically keeping the gasoline 
range hydrocarbons as is (straight 
run naphtha) or boosting the octane 
level using catalysis (isomerate for 
the lighter portion, reformate for the 

slightly heavier components).  The 
fourth is butane and is important 
as it will eventually find its way 
into the blend mix to make sure 
cars start in the winter. Of course, 
too much volatility of the gasoline 
in the summer can lead to vapor 
lock in our Classics, so the refinery 
blends different amounts of butane 
in summer and winter. Number 
5, gasoline from the FCC unit, 
substantially increases the total 
productivity of any refinery and 

helped us win WWII. Finally, the 
alkylate unit mixes isobutane with 
unsaturated components using acid 
as a catalyst to get yet more high 
octane blend stock.  Chemistry rules!

Now if this discourse has you reaching 
for the bottle, instead you should 
congratulate yourself for persevering 
and, hopefully, gaining an appreciation 
of what goes on beyond the refinery 
gate.  I left the blending action for 
another day, so stay tuned!

A new, distinguished looking, entry is 
complete at the CCCA Museum! Upon 
opening the barn doors to the 14’ x 25’ 
addition, automatic sliding glass doors 
allow generous and much needed light into 
the building. The interior of the entrance 
matches that of the Turnquist and Kughn 
galleries constructed of beautiful rough-
sawn barn wood. If you have yet to visit the 
Museum which is home to 29 magnificent 
classics, an exceptional collection of over 
700 mascots, and a fantastic research 
library, or you haven’t seen it for a while, 
June 2nd - 4th is the perfect time to do so.
Join us that week-end for The Experience 
Concours featuring Roadsters, Sports, & 
Touring Cars 1915-1965 as well as all Full 

Classics®. We are excited to host best-selling 
author and noted classic car collector, 
Clive Cussler as our Grand Marshal. Join 
him during activities that include a BBQ 
and a scenic driving tour along with a visit 
to Off Brothers private collection followed 
by the dinner gala. Dressing for the era is 
encouraged during Sunday’s Concours and 
reserve room for sweets after lunch by taking 
part in a chocolate demonstration and 
tasting. Whether you register a car or come 
without, we’ll do our best to ensure a fun-
filled week-end. Print the registration form or 
register on-line at http://cccamuseum.org/
News/2017Experience or call 269-352-9947.

Updated CCCA Museum 
in Hickory Corners


