
Ali – Chemical Engineering 

Alireza (“Ali”) Saraeian is chemical engineer who works for 
Phillips 66 in their research and innovations department. He 
serves as an expert consultant for oil refineries in the United States 
and UK, helping them work through various problems and 
challenges that they encounter. 

“Refineries have all kinds of issues and might go down for 
a week and if they can’t get running, they’ll obviously be 
losing money. So, they reach out to us, they say ‘we have 
this problem, we need some research support.’ We tell 
them to test this and that, talk to some vendors, collect 
information, maybe do some tests in the lab, and 
eventually give them some recommendations.” 

One of the bigger projects that Ali is working 
on involves a refinery that is trying to 
incorporate biofuel into their product. Biofuels 
include things like ethanol (which is usually 
produced from corn in the U.S.), and you might 
have noticed that most of the gas that you buy 
has at least some amount of biofuel blended in. 
The refinery that Ali is working with wants to 
do something a little different by using what is 
essentially used cooking oil as its biofuel. The 
government will give lots of money to 

companies who can find ways to make use of used oils, so they really want to make it work. The 
trouble is the new fuel source is causing some problems for the refinery’s equipment. 

“The cooking oil has components in it that have a chemistry that’s a lot like soap. And so, 
it makes all of these bubbles, kind of a foam, and that creates all kinds of problems. The 
more of the cooking oil that they try to use, the worse the problem gets.” 

It turns out that this problem is caused by oxygen-containing compounds in the biofuel. And it’s 
not just a single compound, but a collection of different ones: ketones, acids, esters, and ethers. 
All of those are types of oxygen-containing organic molecules, very different from the normal 
components of gasoline, which is a mixture of mostly simple hydrocarbons such as octane 
(C8H18) and butane (C4H10).  



Removing a whole bunch of different 
molecules from a mixture is not easy, but 
that’s what Ali and other engineers who were 
working on the project are trying to do. In the 
lab, they are testing different materials to see 
which ones might be able to essentially filter 
out the unwanted molecules. One thing you 
can try is separating them out by size, as the 
desirable components of fuel are relatively 
small molecules. Another, and this seems like 
the more promising option, is to try to separate 
molecules based on their polarity. Molecules 
containing oxygen tend to be polar, and so a 
filter that attracts and traps polar molecules is 
promising. 

 

Chemical Engineering Versus Chemistry 

Ali works on problems that require a great deal of chemical knowledge – but what makes what 
he does chemical engineering rather than just chemistry? In his work, Ali often sees himself 
switching between a scientific way of thinking and an engineering way of thinking. When he is 
running experiments in the lab and asking basic questions about the materials and systems that 
are involved in his projects, he thinks of himself as doing science. When he deals with the 
practical applications of those ideas to the specific technological problem he is trying to solve, he 
thinks of himself as doing engineering. A particularly important part of those technological 
applications is the issue of scale: things play out very differently in large-scale industrial 
applications than they do in the lab. 

“What we do in principle is we look at the science of things and we try to scale it. That’s 
the job of an engineer, essentially, to scale things up. You do one sort of chemistry in the 
lab, but when you scale it the challenges are way, way different. You know from the 
science that a reaction will happen at a certain temperature or pressure, but in addition 
to those, you have to think about things like cost and safety. Safety’s a big one because 
in the lab, if you make something explosive you might break a beaker. In industry, a huge 
vessel that explodes is way more serious.”  

1. Why does the presence of oxygen tend to make molecules polar? What are some 
examples of this that you have encountered before? 



The behavior of chemical systems also 
becomes more complicated at large scale. 
Let’s return to the problem that Ali was 
working on with the biofuel. In the lab, he 
was trying to find a material that could 
filter out the unwanted compounds, and for 
laboratory purposes he just needed 
something that would do that job 
effectively. But even when he found 
something that seemed to work, scaling it 
up would introduce new issues. In his case, 
one problem was the heat of adsorption: 
when molecules are attracted to and bind to 
a filter, that process is exothermic. In the 
lab, you probably won’t even notice that. 

But what happens when you are filtering a very large volume of liquid? And what happens if that 
liquid happens to be highly flammable? At scale, “little” things can start to look very big. 

“When I first started at Phillips, in the lab I would often get great results and I’d be like 
‘yeah, let’s do this!’ But then my manager, who has been working at Phillips for 15 years, 
would tell me not to get too excited too soon, because we have to test it at larger scale, 
do some calculations. I knew the chemistry really well, but didn’t have as much industry 
experience, and so I didn’t realize yet how things would work differently at scale.” 

 

Collaborations 

When Ali works on a problem for a refinery, that means interacting with a lot of different 
people. He communicates with and learns from engineers and chemists at the refinery who are 
extremely knowledgeable about the specific systems that he needs to work with. After gathering 
as much information as he can, Ali will move into the lab to work out some different options for 
how to address the problem. If he finds something that he thinks might work (keeping in mind 
that it must work at scale!), he then must convince the people at the refinery – including people 
on the business side of the operation – that his ideas make sense. If he can’t communicate his 
ideas effectively, they simply won’t get used. So, what does it take to convince people that his 
ideas are worthy of action? 

“You have to be really, really patient. When you come up with an idea… for example, I 
have this idea for a solution for this problem that we’re having, and I’m pretty confident 

2. In Ali’s view, the idea of working “at scale” really lies at the heart of chemical engineering. As 
he describes it, it’s often what makes chemical engineering so much different from chemical 
science. Why is designing something that works at a larger (or smaller) scale so challenging?  
 

3. What other examples can you think of where engineers must deal with problems of scale? 



that it will solve at least 80 or 90 percent of the problem. But you have to make sure that 
you communicate that with everybody and convince everybody, and that can become 
quite frustrating. Obviously, they’re going to spend a lot of money implementing your 
idea, so it’s good that they’re looking for something convincing. Hopefully they don’t do 
something without getting convinced! But from your perspective, you have to be patient 
and check the boxes and make sure everyone knows what you mean.” 

  

“Here’s the most important part. It does not matter if your product is the best product. It 
does not matter if what you are saying is going to help the refinery, unless your 
customer trusts you. All the technicalities that you learn in school and training and 
education is great, but trust is the most important thing.” 

All of this means that Ali needs more than just technical skills to do his job well. Ali has found 
that, over time, he has greatly developed his ability to effectively communicate his ideas to 
people with all kinds of different backgrounds.  

“If you’re talking to someone on the leadership team, they’re not necessarily a trained 
engineer or chemist, they probably have an MBA or something like that. They probably 
don’t understand anything technical. Maybe some, but if you start talking about 
engineering or chemistry or research things, you’ll go over their heads very quickly.” 

Ali pointed out how he really didn’t learn those sorts of communication skills in school, but that 
they are just as important as the technical expertise he developed. 

 

 

 

 

4. Engineers certainly make use of scientific ideas, but science alone is usually not enough to 
address technological problems. How does Ali’s experience illustrate how engineering is more 
than “just” applied science? 

5. Many people think don’t think of engineering (or science) as professions that involve working 
with other people. Why do you suppose many people believe that? How does Ali’s story 
challenge that belief?  


