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Intro - A deisobutanizer (DIB) tower is a distillation column used to 
separate isobutane from n-butane based on differences in volatility. 
This separation is important because isobutane is a more valuable 
product used in fuel blending and petrochemical applications.

Base Case Design - A deisobutanizer column separates isobutane from 
n-butane using 57 trays, achieving ~95% isobutane purity. However, 
the process is highly energy-intensive, requiring significant reboiler 
and condenser duties (~28.5 MW each).

Heat Pump Design - The heat pump recovers energy from the 
distillation column and reuses it to supply the reboiler. It delivers more 
heat than required, allowing it to fully replace conventional steam 
heating while operating efficiently at ~57% of the Carnot limit.

Findings

★ Same separation, lower energy demand - Both designs achieve 
~95% purity, but the heat pump reduces external energy needs.

★ Heat recovery replaces utilities - Heat pump supplies full reboiler 
duty, eliminating the need for steam.

★ More efficient and sustainable design  - Lower energy input 
(~0.94 MW) makes the heat pump the better option.                                                                                                                                                                                                                                                                                                                     

Project 2: Catalytic Conversion of Plastic Waste to Valuable Hydrocarbon Products

Introduction - This project designs a chemical recycling process that converts mixed plastic waste into valuable 
hydrocarbon products using catalytic pyrolysis. Common plastics such as polyethylene, polypropylene, and 
polystyrene are transformed into liquid fuels and petrochemical feedstocks. The goal is to reduce plastic waste 
while creating useful, high-value products in a more sustainable way.

Problem - Plastic waste is rapidly accumulating in 
landfills and waterways, especially in regions like the 
Chesapeake Bay. Current recycling systems struggle to 
process mixed plastics, leading to environmental 
pollution and inefficient use of resources. This process 
provides an alternative to landfilling plastic waste by 
turning it into valuable products. It helps reduce 
environmental pollution while creating economic value 
and supporting a circular economy.

Proposed Solution - Mixed plastic waste is first sorted to remove contaminants, then processed in a fluidized 
bed reactor using catalytic pyrolysis. This breaks down long polymer chains into smaller hydrocarbon 
molecules. The products are then separated and refined into usable fuels and chemical feedstocks. To improve 
sustainability, the process incorporates:

● Heat integration to reduce energy demand

● Recovery and reuse of process byproducts

We use  catalytic pyrolysis to burn polypropylene in a fluidized bed reactor at a temperature of 540 C. The 
reactor hydrocarbon products range from methane up to eichosane, which are later separated by their boiling  
points. The reactor was modeled using lumped kinetic parameters1 in Python. We then used Aspen to model 
the separation. Gas out of the flash drum was primarily composed of methane, ethane, ethylene, propane and 
polypropylene. This gas was used as a fuel source for the reactor and provided 95% of the required energy. The 
remaining gas was sold as mixed fuel gas. The remaining liquid from the flash drum was sent to the distillation 
column, which produced a vapor containing a majority pentane through octane. This naphtha had an average 
molecular weight of 86.6 g/mol and essentially no contamination from heavy hydrocarbons such as eichosane. 
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Key Challenges
● Limited ability of existing recycling methods to 

handle mixed plastics
● Low conversion of waste into high-value products
● Lack of infrastructure for chemical recycling
● Difficulty removing contaminants (e.g., PVC)
● Limited integration of renewable energy
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Distillation columns are a key 
unit in chemical engineering, 

separating components based 
on volatility. Higher 

temperatures at the base drive 
separation, allowing more 

volatile compounds to rise and 
exit at the top. They are widely 

used in industries such as oil 
refining (image source: 

NeoNickel).

Crude Oil Distillation

Our annual sales are approximately $12.3 million, while our yearly operating 

costs total about $3.7 million, resulting in an annual net revenue of $8.6 million. 

This annual revenue is lower than the initial capital investment of approximately 

$11.1 million, so we plan to establish a 4-year payback period with an assumed 

10% interest rate. To meet this target, we would allocate $3.5 million per year 

toward repayment during the first three years, with the remaining balance paid in 

the fourth year. 

Over the 10-year lifespan, the process is expected to generate approximately $123 

million in total sales revenue. After subtracting about $37.34 million in operating 

costs, the process would produce roughly $85.66 million in operating profit before 

replacement and debt payments. With an estimated $6.26 million in equipment 

replacement and overhaul costs and $14.00 million in total debt repayment at 10% 

interest, the final projected net cash flow over 10 years is approximately $65.40 

million.
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Sustainability
Our process generates 7,883 kg CO₂/hr corresponding to an overall carbon intensity 
of 1.12 kg CO₂/kg product. Emissions are almost entirely from the gas stream 7,863 kg 
CO₂/hr which is a carbon intensity of 2.06 kg CO₂/kg product, while naphtha and C20  
are minimal. The gas is reused to supply 95% of reactor energy, this demonstrates 
effective energy integration, with emissions arising from internally recovered energy 
rather than external utility consumption. In-house water treatment enables process 
water reuse, decreasing freshwater withdrawal and improving water intensity (water 
used per unit product).


