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Overview: Consider a society in which plastic
trash is no longer an issue but rather a rich
resource. Our cutting-edge technology converts
plastic trash into clean, Ilong-lasting fuels.
Reducing our dependence on fossil fuels and
paving the road for a greener future.

Objective: Our objective is to develop an
efficient, profitable and sustainable processing
plant for upcycling plastic waste into valuable
fuels, such as diesel and gasoline, to address
environmental concerns and contribute to the
circular economy. Throughout the design, we
targeted and where limited by the following
specifications and constraints.

Specifications Constraints

Octane Number

(87 ~ 93) RON
Cetane Number > 40
Reliability > 98%
Sulfur Content

<14 ppm

Waste Compostion:
Different types of
plastic waste
compostions.
Budget

Resource Avalibilty

Methodology and Results

Supply Chain Netowrk design:

First, we started with the strategic decision related
to designing the supply chain network we will
determine the lifeline of how products get from the
beginning to the end, ensuring everything
happens smoothly and with the minimum possible
cost. Our supply chain network is illustrated in the
Figure below.
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Analytical Hirecharcy Process:
Second, the AHP was implemented, a helpful tool for
deciding the best location for our facility. It breaks
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Economical City

Results and Specifications are illustrated in the
two figures below extracted from the simulation
software:
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Mathematical Model

Sets:

WP: set of demand nodes (plastic waste producers) PL: set of potential points for the installation of a collection point

Q: set containing points of set PL, O (point of origin or parking of trucks), and n (endpoint of the vehicle’s route)

T: set of collection vehicles U: all combinations of points on a given sub-route with Ul points.

Decision Variables:

X;;i- 1 if collection truck t moves from point i to point j, O otherwise w;: Estimated amount of plastic waste to be collected (in kg) at
collection point |

w;=> (t€T) yit*wit, for all i € PL. w;;: Estimated amount of plastic waste to be collected (in kg) at collection point i by truck t

Vii: auxiliary variable, 1 if truck t visits point i, 0 otherwise. yit= (jePL)xijt, forallie PL,te T

zi: auxiliary decision variable, 1 if there is a collection point at point i, O otherwise. = min(1, > (teT)yit), for all i € PL
Parameters:

Fl: average cost of installing a collection point 600 SAR. CO: cost of opportunity (per kg) of plastic waste 8.4225 SAR

CTt: capacity of vehicle t load (in kg) 20000.TA: total amount (in kg) of plastic waste generated at all waste producer points; (4500)
CPi: maximum capacity of collection point i (in kg) (20000). Sid: cost of distance from plastic waste producer node d to point i

Tijt: transport cost of truck t between i and | RO STy S
Objective: =T -

Minimize Z = 3 (i€Q) 3 (jeQ) I (t€T) xijt * Tijt + CO(TA - 3 (iePL) wi) + FI3 (iePL) zi v° e 29

+ > (iePL) > (deWP) zi *Sid /
Constraints: S el b
1- 3 (j€Q) xjit = 3 (j€Q) xijt, foralli € PL,t € T 2- 3 (j€Q) xijt <1, forallie Q:izn, teT el ST
3->(jeQ) > (teT) x0jt = 1 4-3 (i€Q) > (teT) xint = 1 5- > (iePL) wi = TA o Qe

6-> (iePL) wityit < CTt, for all t € T. 7- 3 (t€T) wityit < CPi, for all i € PL. DO
8-> (i,jieU) xijt=IUl -1, forallte T, U c Q. 9->(ieQ) xiOt =0, forallt e T % 9 & TS
10- > (jeQ) xnjt =0, for all t € T. 11- xijt € {0, 1}, foralli,je Q,t € T. » A
12- yit € {0, 1}, foralli € PL,t € T13-zi €{0, 1}, forallie PL14-wi= 0, forallie PL . * "o s T

Prototype Design and Testing
The process used for the conversion is
Pyrolysis which is an oxygen-free
process to convert complicated carbon
chains in plastic into useful fuel. Our
prototype is computer-based prototype
using Aspen Hysys vi11 as our
designing software. We have used
couple of assumptions in our process.
- Plastic particles in our feed to be within
the range of 0.1 to 0.5 mm.

‘The process is under steady state. T
‘The feed is pure HDPE. 1
We used 2000 kg/h of HDPE as basis =

Worksheet

Name oil2 @COL1 gaso @COL1 dies @COL1
Conditions
Properties Vapour 0.0000 0.0000 0.0000
Compositions | | yumperature [C] -7.055 303.1 41722
PF Specs
Pressure [kPa] 492.2 200.0 200.0
Molar Flow [kgmole/h] 4399 2.679 1.721
Mass Flow [kg/h] 1212 5943 617.2
Std Ideal Liq Vol Flow [m3/h] 1534 0.7630 0.7706
Molar Enthalpy [kJ/kgmole] -4.759e+005 -2.212e+005 -1.971e+005
Molar Entropy [kJ/kgmole-C] 538.1 831.0 1590
Heat Flow [kJ/h] -2.094e+006 -5.924e+005 -3.392e+005
Material Stream: Disel
Worksheet 1 Attachments I Dynamics l
Wotksheet LigVol Fractions Vapour Phase Liquid Phase
Conditions Hydrogen 0.0000 0.0002 0.0000
2’°Pe”'?s, Ethane 0.0000 0.0011 0.0000
9mposut|on Ethylene 0.0000 0.0009 0.0000
QOil & Gas Feed
Petroleum Assay Eropane 0.0000 00017 0.0000
K Value Propene 0.0000 0.0015 0.0000
User Variables 1-C28= 0.0000 0.0000 0.0000
Notes n-Butane 0.0001 0.0030 0.0001
Cost Parameters 1-Hexadecene 04843 04077 04843
Normalized Yields | Carbon 0.0000 0.0000 0.0000
I* Emissions Methane 0.0000 0.0005 0.0000

Pyrolysis oils from both separators is mixed in a mixer
unit and we obtained pyrolysis oil with 1212 kg/h with
60.6% conversion. Also, to separate pyrolysis oil to
diesel and gasoline, we used a fractionating column
and we obtained 594.3 kg/h of gasoline and 617.2
kg/h of diesel. Cetane number and sulfur content of
diesel fuel have met our specification successfully.
However, gasoline fuel fails to meet specification.
Furthermore, overall cost of the plant was calculated
using Aspen Hysys vl1 economic analysis tool and total
CAPEX obtained was 4,191,630 S.

Conclusion and Acknowledgments

In conclusion, this project studies the feasibility of
plastic waste upcycling facility that transforms plastic
waste from industrial facilities into renewable sources
of energy that meets the market’s specifications with
the minimum possible cost. A contribution of Industrial
and Chemical Engineering tools were utilized in this
project such as AHP, mathematical modeling and
process simulation.
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