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ABSTRACT 
The accumulation of automotive plastic waste poses a growing environmental threat; while recy-
cling has the potential to address this, its use remains limited by the complexity of the materials 
used in vehicle components. Specifically, the presence of mixtures of polypropylene (PP), poly-
ethylene (PE), and polyoxymethylene (POM) in the materials makes mechanical recycling chal-
lenging due to the difficulty of separation. To address the inefficiency of current end-of-life man-
agement, we present a systematic computational framework integrating computer-aided molecu-
lar and process design (CAMPD) with technoeconomic assessment (TEA) and life cycle analysis 
(LCA) to design a solvent-based recycling process capable of producing near-virgin quality resins. 
This framework involves utilizing the SAFT- γ Mie equation of state to predict thermodynamic 
properties and employing nonlinear programming (NLP) to perform process optimization. From an 
evaluation of 875 solvent candidates, we identify 72 feasible solvent combinations, amongst which 
cymene and cyclohexanone is the most promising solvent pair to separate polyolefins selectively 
and dissolve POM, enabling reduced dissolution temperatures and minimized unit capital costs. 
TEA and LCA indicate that the proposed process is highly competitive, as all feasible designs yield 
a minimum selling price (MSP) below the market price of virgin polymers and achieve global warm-
ing potentials (GWP) significantly lower than those of virgin polymer production. Sensitivity anal-
ysis confirms the robustness of the design, showing that both economic viability and environmen-
tal competitiveness relative to virgin production are maintained, even under conservative solvent 
loss scenarios of up to 5%. These findings suggest that solvent-based recycling offers a commer-
cially viable pathway to meet emerging EU circularity mandates for the automotive sector. 

Keywords: Solvent-based plastic recycling, Process optimization, SAFT-γ Mie, Technoeconomic analysis, 
Lifecycle Assessment, Solvent design 

INTRODUCTION 
Automotive plastic waste has emerged as a critical 

environmental concern in Europe. With a fleet of approx-
imately 285.6 million vehicles, roughly 6.5 million reach 
their end of life annually [1]. The automotive sector is a 
major consumer of polymers, with more than 2.2 million 
tons of plastics being used in vehicles introduced to the 

EU market each year. Key engineering polymers in this 
sector include polypropylene (PP), polyethylene (PE), and 
polyoxymethylene (POM) [2]. Despite this significant ma-
terial footprint, current end-of-life management is ineffi-
cient; less than 19% of automotive plastic waste is recy-
cled, while the vast majority is directed to incineration or 
landfill [2]. 

Current mechanical recycling approaches often 
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yield downgraded materials with compromised perfor-
mance due to polymer chain scission, contamination from 
additives, and the presence of glass fibers [3]. These lim-
itations severely restrict the reuse of recycled plastics in 
high-performance automotive applications. The new EU 
circularity rules, however, mandate at least 20% recycled 
plastic in new vehicle types within six years [1], creating 
an urgent need for technologies capable of producing re-
cycled resins comparable in quality to virgin materials. 

In this context, solvent-based recycling offers a 
promising solution. By selectively dissolving target poly-
mers, this method can effectively remove contaminants 
and precipitate near-virgin quality materials [4]. This 
technology is particularly suitable for PE and PP, whose 
inert backbones make chemical depolymerization im-
practical [5]. However, the design of solvent-based pol-
ymer recycling processes is complex, requiring the iden-
tification of solvent systems that can achieve high selec-
tivity and purity while maintaining economic viability [6]. 

Recent computational efforts have sought to 
streamline the design of these processes. Notably, 
Ikegwu et al. [7] developed a fast computational frame-
work for designing solvent-based recycling systems, 
specifically targeting the recovery of multilayer packag-
ing films via the solvent-targeted recovery and precipita-
tion (STRAP) methodology. Their work demonstrated the 
potential of computational screening to identify solvents 
for distinct polymer layers. However, their analysis also 
highlighted the significant difficulty of separating chemi-
cally similar polyolefins; they reported finding very few 
viable solvent candidates capable of effectively separat-
ing PE from PP under fixed processing conditions. 

This scarcity of obvious candidates underscores the 
need for more integrated approaches to molecular and 
process design. While broad screening is effective for 
identifying solvents with high solubility, successfully sep-
arating PE, PP, and POM requires further optimization of 
dissolution and precipitation operating conditions. Rigor-
ous optimization of process temperatures and recycle 
rates may render a solvent inviable for the multicompo-
nent mixture, even if it shows low or high solubility for the 
single solute [8]. 

Building on the challenges identified in the literature, 
we move beyond standard screening to systematically 

optimize the process conditions for 875 solvent combi-
nations (one solvent for each dissolution step) through a 
novel computer-aided molecular and process design 
(CAMPD) framework specific to the ternary separation of 
automotive PE, PP, and POM waste. 

We propose a process flowsheet comprising se-
quential dissolution/precipitation steps with solvent recy-
cle. To identify the optimal design, we employ an enu-
meration strategy coupled with rigorous nonlinear pro-
gramming (NLP). For each solvent combination, we solve 
a dedicated NLP problem to convergence using a model 
of the process that combines mass and energy balances 
with the predictive SAFT- γ Mie [9, 10] equation of state 
to evaluate the thermodynamic properties of the multi-
component mixtures. This allows us to identify specific 
temperature and concentration ranges where separation 
is thermodynamically and economically feasible; screen-
ing methods might overlook some of these designs as 
they lack the flexibility to adapt operating points to each 
solvent/solvent mixture. 

We integrate the CAMPD framework with detailed 
technoeconomic assessment (TEA) and life cycle analy-
sis (LCA) to provide a holistic evaluation of the trade-offs 
between total annualized cost (TAC) and environmental 
metrics, including global warming potential (GWP), cumu-
lative energy demand (CED), and the ReCiPe and Eco-in-
dicator 99 (EI99) endpoint indicators. Furthermore, we 
determine the minimum selling price (MSP) and internal 
rate of return (IRR) to assess the financial viability of the 
process. Additionally, we perform sensitivity analyses to 
quantify the impact of the solvent loss rate, a highly in-
fluential and uncertain parameter, on the MSP and GWP. 

The paper is structured as follows: the Design Meth-
odology section covers the problem definition, process 
flowsheet, CAMPD formulation, and TEA and LCA meth-
ods. The Results and Discussion section analyzes the op-
timization results in conjunction with economic and envi-
ronmental assessments. The paper closes with final con-
clusions. 

DESIGN METHODOLOGY 

Problem definition 
The process configuration, shown in Figure 1, entails 

 
Figure 1: Process flow diagram of the plastic waste recycling process considered in the current work. 
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the sequential separation and recovery of 3 polymer 
product streams, PE, PP and POM. A 3000 ton/year plas-
tic waste stream made up of 45 wt% PE, 45 wt% PP and 
10 wt% POM is pre-processed and introduced into disso-
lution vessel DV1, where PE and PP are selectively dis-
solved in Solvent 1 to separate them from POM and insol-
uble impurities. The slurry is passed to filtration unit S1, 
where the POM and impurities are removed. A portion of 
the lean solvent recycle stream, F2, is utilized to wash the 
filter cake, thereby recovering the majority of the liquid 
PE and PP and improving polymer purity. The resulting 
filter cake is dried in D1 to recover Solvent 1 within the 
POM matrix; this solvent is subsequently condensed in C1 
and recycled to DV1. 

The filtrate from S1, stream F5, and the S1 wash out-
let are fed to the precipitation vessel PV1. Here, cooling 
is applied to selectively precipitate the PP. The solid PP 
is recovered in filter S2, where the filter cake is washed 
with a fraction of the lean solvent, stream F2, to recover 
residual liquid PE. The cake from S2, stream F7, is dried 
in D2 for solvent recovery (condensed in C2 and recy-
cled) and is then extruded to produce near-virgin PP. 

The filtrate from S2, stream F8, combined with the 
S2 wash outlet, enters precipitation vessel PV2, where 
cooling is applied to precipitate PE and any remaining liq-
uid PP. Filtration is employed in S3 to produce a PE-rich 
cake, F10. This cake is dried in D3 to recover solvent 
(condensed in C3 and recycled), producing a PE outlet 
stream that is extruded in E2 to form near-virgin PE. 

For the final recovery stage, the POM-containing 
stream, F11, is fed to dissolution vessel DV2 for POM to 
be dissolved in Solvent 2, separating it from the remain-
ing insoluble impurities. These impurities are removed in 
filter S4 and fed to dryer D4 for solvent recovery (con-
densed in C4 and recycled to DV2). The filtrate from S4, 
stream F15, is directed to a precipitation stage where 
cooling is applied to recover the solid POM. In unit S5, the 
solid POM is separated by filtration, and the cake is dried 
– enabling the recovery of Solvent 2 – before being ex-
truded in E3 to produce near-virgin POM. 

Modeling Framework and Optimization 
constraints 

The models of each process unit, including the rele-
vant material and energy balances, are implemented in 
gPROMS Process 2025.2.0. Thermodynamic properties, 
including phase equilibria and enthalpy calculations, are 
evaluated using the SAFT-γ Mie equation of state imple-
mentation within gProperties 2.10, utilizing group contri-
bution parameters developed by Haslam et al. [11] and 
Paliwal et al. [12]. 

Process constraints 
To ensure the formation of a processable solution 

and to prevent gel formation, upper bounds are imposed 

on the total polymer mass fractions in the dissolution out-
let streams F3 and F13 [13]: 

� 𝑤𝑤�3,���� ≤ 0.3
��� ∈{��,��,���}

,  
(1) 

� 𝑤𝑤�13,���� ≤ 0.3.
��� ∈{��,��,���}

 (2) 

In DV1, the operating temperature, 𝑇𝑇�3, is determined by 
imposing solid-liquid equilibrium (SLE) equation on PP 
[13]. To ensure selective dissolution, where PP dissolves 
while PE remains in the liquid phase and POM remains 
solid, we enforce specific lower and upper bounds on 𝑇𝑇�3: 

𝑇𝑇��,�3SLE ≤ 𝑇𝑇�3 ≤  𝑇𝑇���,�3SLE ,  (3) 

where 𝑇𝑇��,�3SLE  and 𝑇𝑇���,�3SLE  are the SLE temperatures of PE 
and POM at 𝒙𝒙�3� , the liquid composition of stream F3 (with 
𝑇𝑇���,�3SLE  computed at 𝑥𝑥�3,POM� = 10−20). 
Additionally, to guarantee that the polymer-solvent mix-
ture forms a single stable liquid phase in DV1, a logical 
stability function 𝑆𝑆�̃(𝑇𝑇3,𝑃𝑃3,𝒙𝒙3�) is constrained to 1. A value 
of 1 indicates that a temperature-pressure flash calcula-
tion at the specified conditions detects only one stable 
(liquid) phase, while 0 indicates the presence of another 
fluid phase (a vapor or a second liquid). A similar function 
𝑆𝑆�̃(𝑇𝑇13,𝑃𝑃13,𝒙𝒙13� ) is constrained to 1 to ensure the polymers 
and solvent form a single stable liquid phase in DV2. 
 In PV1, the operating temperature, 𝑇𝑇�6, is also ob-
tained by imposing SLE equation for PP. To prevent the 
co-precipitation of PE, a lower limit on 𝑇𝑇�6 is enforced: 

𝑇𝑇�6 ≥  𝑇𝑇��,�6SLE ,  (4) 

where 𝑇𝑇��,�6���  is the SLE temperature of PE at 𝒙𝒙�6� , the mo-
lar liquid composition of stream F6. In PV2, the design 
objective is to fully recover PE and any residual PP. Con-
sequently, the operating temperature (𝑇𝑇�9) must be suffi-
ciently low to ensure full precipitation but must remain 
above the solvent's freezing point to avoid crystallization: 

𝑇𝑇�9 ≤  𝑇𝑇��,�9SLE ;  𝑇𝑇�9 ≤  𝑇𝑇��,�9SLE ;  𝑇𝑇���fus ≤  𝑇𝑇�9  (5, 6, 7) 

where 𝑇𝑇��,�9SLE  and 𝑇𝑇��,�9SLE  are computed for a trace mole 
fraction of 10−20 and 𝑇𝑇���fus is the solvent temperature of fu-
sion. 
 Finally, because the polymers are thermally sensi-
tive, strict upper limits must be applied to the tempera-
tures of dryers D1, D2, D3, and D5. These temperatures 
must remain below the polymer temperature of fusion 
(𝑇𝑇 ���

���) and below or equal to the solvent bubble point (𝑇𝑇���� ) 
to prevent overpressurization: 

𝑇𝑇�4 ≤  𝑇𝑇���fus −  5; 𝑇𝑇�4 ≤  𝑇𝑇���b ; (8, 9) 

𝑇𝑇�7 ≤  𝑇𝑇��fus −  5; 𝑇𝑇�7 ≤  𝑇𝑇���b ; (10, 11) 
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𝑇𝑇�10 ≤  𝑇𝑇��fus −  5;  𝑇𝑇�10 ≤  𝑇𝑇���b  (12, 13) 

 𝑇𝑇�14 ≤  𝑇𝑇���b ; (14) 

𝑇𝑇�17 ≤  𝑇𝑇���fus −  5; 𝑇𝑇�17 ≤  𝑇𝑇���b ; (15, 16) 

where 𝑇𝑇�4,𝑇𝑇�7 and 𝑇𝑇�10 correspond to the temperatures of 
dryers D1, D2 and D3, respectively. The temperature of 
dryer D4, 𝑇𝑇�14, can be above the temperature of fusion of 
the polymers as the filter cake from S1, F4, consists pri-
marily of insoluble impurities. A safety margin of 5 K has 
been applied to the lower bounds.  

Optimization variables and specifications 
The optimization problem is constrained by strict 

product quality specifications, which require a minimum 
recovery of 95% for each polymer component (PP, PE, 
and POM) relative to the initial feed stream (F1), along 
with a minimum product purity of 99% by weight. The set 
of decision variables includes the identities of solvents 1 
and 2, the weight fractions of PP in the dissolution outlet 
(F3) and precipitation outlet (F6), denoted as 𝑤𝑤�3,��,������ 
and 𝑤𝑤�6,��,������, respectively, as well as the operating 
temperatures of the dryers (𝑇𝑇�4,𝑇𝑇�7,𝑇𝑇�10,𝑇𝑇�17) and the 
split fractions of the pure solvent stream (F2) utilized for 
washing the filter cakes in units S1 (WF�1) and S2 (WF�2).  

CAMPD formulation 
The process model and thermodynamic constraints 

are integrated within a CAMPD framework. This is in prin-
ciple a mixed integer problem, but it is tackled here via 
enumeration of the integer variables and solution of the 
resulting NLP problem for each combination. The solvent 
candidates are selected from two predefined lists, ℒ1 (for 
Polyolefins) and ℒ2 (for POM). Each solvent 𝑙𝑙1 and 𝑙𝑙2 is 
characterized by a vector of functional group numbers, 
𝒏𝒏�1 and 𝒏𝒏�2, using the sets 𝐺𝐺1 and 𝐺𝐺2 of SAFT-γ Mie groups 
(see Table 1). The solvents selected include commonly 
used in solvent-based recycling processes and solvents 
with promising RED values according to Hansen Solubility 
Parameters (HSPs) [14]. Two binary variables, 𝑦𝑦�1 and 𝑦𝑦�2, 
are introduced to denote whether the solvent candidates 
𝑙𝑙1 and 𝑙𝑙2 are selected and are defined such that only one 
solvent from each list can be chosen: 

� 𝑦𝑦�1
�1∈ℒ1

= 1; � 𝑦𝑦�2
�2∈ℒ2

= 1. (17, 18) 

Assignment constraints are used to set the values of the 
SAFT-γ Mie group numbers. The number of groups of 
type 𝑔𝑔� in solvent 𝑙𝑙� is given by 

𝑛𝑛�� = � 𝑦𝑦��𝑛𝑛��,��
 

��∈ℒ�
. (19, 20) 

The solution strategy is implemented via a Python script 
that enumerates the solvent combinations and passes 

them to gPROMS via gO:RUN, where the NLP is solved 
using NLPSQP. 

The problem is formulated using the sum of the 
scaled TAC (economic metric), TAC�, and scaled ReCiPe 
Endpoint indicator (environmental metric), ReCiPe� , as the 
objective function. The two scaled metrics are given 
equal weight. Normalization is performed using scalariza-
tion-based multiobjective optimization (cf. SI). 

Table 1: Solvent lists and SAFT-γ Mie groups involved in 
the two solvent lists. 

List Solvents SAFT-γ Mie 
groups  

ℒ1 Benzene butane cumene cy-
clohexane cyclohexanone cy-
mene decalin n-decane dibu-
toxymethane dimethylcyclo-
hexane n-dodecane diiso-
propylbenzene ethyl acetate 
ethylbenzene hexane iso-
propylxylene MEK mesitylene 
methylcyclohexane n-octane 
n-pentane propane toluene 
n-undecane xylene 

𝐺𝐺1 = {CH 
CH cCH 
cCH cCO 
mO aCH 
aCCH 
aCCH 
aCCH 
COO 
CHCO} 
 

ℒ2 ℒ1 + acetone benzyl alcohol 
butyl acetate CPME -
decanol ethyl isobutyrate eth-
ylene glycol -octanol and 
thymol 

𝐺𝐺2 = 𝐺𝐺1 ∪
 {CHCOCH 
aCOH OH 
CHOH CH} 

TEA and LCA methodology 
The TEA analysis is performed using the methodol-

ogies established by Towler and Sinnott [15] to compute 
the TAC, MSP, and IRR. The TAC is calculated as  

TAC = OPEX + ��(1+�)
��

�(1+�)�−1�
 × CAPEX; (21) 

where 𝑖𝑖 represents the discount rate, set at 20% [16], and 
𝑛𝑛 denotes the plant life, assumed to be 20 years [17]. The 
operating expenditure (OPEX) is divided into variable and 
fixed categories. Variable costs include steam generated 
from natural gas, grid electricity, cooling water supplied 
via cooling towers, solvent makeup, and waste incinera-
tion. Fixed costs comprise pre-treatment, salaries, 
maintenance, benefits, overheads, land rent, tax, and in-
surance. Further details on the TEA methodology are pro-
vided in the SI. 

The LCA is conducted on a cradle-to-gate basis, ac-
counting for all impacts associated with production up to 
the factory gate. The analysis is performed using the 
openLCA 2.3.1 software with background data from the 
Ecoinvent v3.6 database [18]. The life cycle inventory 
(LCI) is generated using the process model developed in 
gPROMS, supplemented by external sources for specific 
inputs. Data for the GWP, EI99, and CED of solvent 
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production is obtained from Finechem [19, 20]. The ReC-
iPe values for solvent production are estimated using the 
correlation developed by Dieterich et al. [21] between 
EI99 and ReCiPe endpoint indicators for solvent produc-
tion. Further details on the LCA methodology are pro-
vided in the SI. 

RESULTS AND DISCUSSION 

Optimization results 
Through the optimization framework, we systemat-

ically evaluate 875 potential solvent combinations, out of 
which 72 are identified as feasible candidates satisfying 
all thermodynamic stability and process constraints. 
Among these, the combination of cymene+cyclohexa-
none emerges as the best-performing candidate, mini-
mizing the performance objective within the investigated 
search space. This configuration results in a 13.43% re-
duction in TAC and 6.84% lower ReCiPe compared to n-
dodecane+1-decanol, the lowest-ranked design. Lower 
OPEX and environmental burdens are achieved due to 
lower operating temperatures in the dissolution vessels 
(𝑇𝑇�3=389.47 K and 𝑇𝑇�13=415.43 K) compared to compet-
ing designs.  

The top-performing candidates (SP1–SP5) all utilize 
the aromatic solvents cymene and ethylbenzene for the 
polyolefin dissolution/precipitation loop, with alkanes, 
cyclics, and aromatics favored in the POM separation 
section. Conversely, the poorest performing combina-
tions (SP68–SP72) employ dibutoxymethane and alkanes 
for the PE/PP process, while relying on alcohols for POM 
dissolution. These inferior candidates require operating 
temperatures in DV2 near the polymer's fusion point (see 
SI), resulting in higher thermal energy demand. 

Regarding solvent use, the top 5 SPs use similar 
amounts of solvent to the bottom 5 SPs when consider-
ing both the PE/PP and POM processes. The differences 
in TAC can be largely attributed to the cost of the filter 

units, as shown in Figure 2, which is highly dependent on 
solvent choice. Filter cost is influenced not only by the 
solvent flow rate but also by its viscosity [22]. Further 
details on the filter costing methodology and viscosity 
calculations are provided in the SI. 

 
Figure 2. Parallel-coordinates plot illustrating the 
differences in variable and fixed OPEX, other unit, and 
filter CAPEX. Each line corresponds to one of the 72 SPs, 
colour-coded by TAC. 

To evaluate the trade-offs between conflicting de-
sign criteria, we show a parallel coordinates plot (Figure 
3). The analysis reveals strong consistency across the 
environmental metrics; solvents that perform well in GWP 
also tend to rank highly in CED, EI99, and ReCiPe, with 
only slight overlap in ranking lines observed between 
EI99 and ReCiPe for the poorest performers. This sug-
gests that minimizing a single environmental indicator is 
generally a reliable proxy for overall sustainability in this 
process. 

However, we observe a notable discrepancy be-
tween the economic metric (TAC) and these environmen-
tal indicators. As the plant is small-scale, we calculate 
that CAPEX accounts for approximately 60% of the TAC 
for most solvents (see SI). Consequently, if the economic 
metric is chosen as the sole objective, designs involving 

Table 2: Best 5 and worst 5 Solvent Pairs (SP) ranked from lowest to highest objective value (obj=TAC�+ ReCiPe� .) 

Label Solvent 1 + Solvent 2 TAC/M$/y ReCiPe/- 𝑇𝑇�3/K 𝑇𝑇�13/K 𝐹𝐹�3,��� 
/kton/y 

𝐹𝐹�13,��� 
/kton/y 

SP1 cymene+cyclohexanone     2.90 10.63 389.67 415.43 10.09 5.57 
SP2 ethylbenzene+cyclohexanone 2.90 10.75 395.99 415.41 10.25 5.75 
SP3 cymene+n-decane          2.91 10.73 389.96 419.48  9.68 3.85 
SP4 cymene+mesitylene        2.90 10.82 389.02 427.36 11.11 5.29 
SP5 cymene+n-undecane          2.91 10.75 390.18 419.90  9.39 3.91 
SP68 dibutoxymethane+1-octanol  3.27 11.70 400.07 426.51 11.72 4.54 
SP69 n-undecane+1-octanol         3.32 11.39 391.01 426.50 11.37 4.59 
SP70 n-undecane+1-decanol         3.33 11.38 391.28 426.49 10.92 4.46 
SP71 n-dodecane+1-octanol         3.35 11.42 393.45 426.52 10.77 4.33 
SP72 n-dodecane+1-decanol         3.35 11.41 393.40 426.51 10.85 4.21 
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lower solvent inventories are favored to minimize vessel 
sizes, even if those solvents possess high specific heat 
capacities and are thus associated with significant en-
ergy demand. In contrast, we find that environmental 
performance is predominantly dependent on utility use 
(steam and electricity). Therefore, environmental metrics 
favor solvents that operate at lower temperatures, pos-
sess lower heat capacities and enthalpies of vaporiza-
tion, regardless of the equipment size required. These 
trade-offs highlight the importance of considering both 
economic and environmental performance metrics to 
identify optimal designs. 

TEA and LCA results 
In Figure 4, we present the unified techno-economic 

and environmental assessment (MSP vs. GWP) for all 72 
feasible designs. The results demonstrate that the pro-
posed solvent-based recycling process is highly compet-
itive against virgin polymer production. Specifically, we 
observe that all evaluated designs yield an MSP below 
the current European market price for virgin polymers. 
The highest MSP calculated is $1.34/kg, which remains 
comfortably below the market floor of $1.50/kg for virgin 
polypropylene [23]. 

The environmental analysis confirms that all 72 de-
signs achieve a GWP lower than the CO2 emissions asso-
ciated with virgin PP and LDPE production [24] 

(comparative data for virgin POM was unavailable). We 
identify a cluster of optimal designs near the lower-left 
boundary of the plot, representing the set of non-domi-
nated solutions that offer both minimal cost and minimal 
environmental impact. As expected, higher IRRs are ob-
served for designs with lower MSPs. Crucially, we find 
that all designs exceed the standard hurdle rate of 20% 
required to cover the cost of capital, and the majority sur-
pass the 18-23% threshold typically required to justify in-
vestment in novel chemical technologies [25], indicating 
strong potential for commercial viability. Although only 
one weight vector was used in the objective function, the 
figure shows that markedly different performance can be 
achieved and points to the value of multi-objective opti-
mization to explore the space of solutions further.  

We evaluate the robustness of the process by vary-
ing the solvent loss rate from the baseline value of 
0.002% [26] up to 5%. In Figure 5 the impact of these 
losses on the breakdown of GWP contributors is shown. 
In this analysis, the contributions from solvent production 
and waste disposal are scaled to reflect the increased 
makeup requirements and incineration of waste solvent, 
while holding other contributions fixed. As can be seen, 
at a 5% loss rate, the solvent and disposal contributions 
become approximately equal; however, they remain 
lower than the contributions from power, heating and 
pre-processing. Overall, even at this worst-case loss rate 

 
Figure 3. Parallel-coordinates plot displaying the ranking consistency of the 72 feasible solvent candidates across 
economic (TAC) and environmental (GWP, CED, EI99, ReCiPe) performance metrics. The vertical axes represent 
the ranking position (1 = best, 72 = worst). Blue lines indicate top-tier candidates, and red lines indicate lower-
ranked candidates based on the objective function. 
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(5%), the total system GWP remains below the carbon in-
tensity of virgin PE and PP production.  

In Figure 6, we evaluate the economic sensitivity of 
the process to solvent loss rates ranging from 0.002% to 
5%. Variations in this parameter directly influence varia-
ble OPEX, increasing solvent makeup requirements and 
associated incineration costs. The data indicates that at 
5% solvent loss, the MSP for the majority of design con-
figurations exceeds the market price of virgin PP 
($1.50/kg). Notably, however, solvent pair SP2 (ethylben-
zene + cyclohexanone) exhibits significant economic re-
silience, achieving an MSP of $1.49/kg, thereby margin-
ally retaining profitability relative to virgin PP even under 
maximum loss conditions.  

Moreover, all evaluated designs remain substan-
tially more cost-effective than virgin POM ($2.55/kg), 
while a significant proportion maintain competitiveness 
against virgin LDPE ($1.71/kg). Given that the weighted 
average market value of the polymers is approximately 
$1.70/kg, we confirm that several designs preserve eco-
nomic viability across the full spectrum of operational ef-
ficiencies. When coupled with anticipated fiscal incen-
tives for plastic recycling, these findings suggest the pro-
cess is poised to retain robust competitiveness under di-
verse operational scenarios. 

CONCLUSIONS 
 In this work, we have developed and applied an in-

tegrated CAMPD-TEA-LCA framework to design a sol-
vent-based recycling plant for a three-component auto-
motive plastic waste (PP/PE/POM). We have evaluated 
875 solvent combinations and identified 72 feasible can-
didates that satisfy process and thermodynamic con-
straints, capable of separating chemically similar polyole-
fins from engineering plastics. 

Our analysis highlights a notable tension between 
economic and environmental design drivers. We have 
found that while economic performance (TAC) is domi-
nated by CAPEX (approx. 60%) and favors solvents that 
minimize equipment volume and solvent viscosity, envi-
ronmental metrics are driven by utility consumption and 
favor solvents with lower heat capacities and enthalpies 
of vaporization. We have identified cymene + cyclohexa-
none as the best-performing solvent pair, effectively bal-
ancing these trade-offs by leveraging lower operating 
temperatures, solvent circulation rates, and transport 
properties to minimize both thermal energy demand and 

 
Figure 4. Scatter plot of MSP versus GWP for the 72 feasible solvent combinations. The color scale indicates the 
IRR. 
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equipment size.  
Techno-economic analysis has indicated that the 

process is financially attractive, with IRRs consistently 
exceeding the 20% hurdle rate for novel technologies. 
Furthermore, the environmental benefits are substantial, 
with carbon footprints remaining below those of virgin 
production even under worst-case scenarios of solvent 
loss (5%). We conclude that solvent-based recycling rep-
resents a robust, scalable solution for closing the loop on 

automotive plastics, providing a necessary technological 
enabler for the industry to meet the 20% recycled con-
tent mandate for new vehicles.  

In future work, we plan to formulate a CAMPD prob-
lem to construct optimal solvent structures from func-
tional groups via mixed-integer nonlinear programming, 
allowing for a significantly broader search space to be 
explored. Furthermore, we will incorporate heat integra-
tion to minimize energy demands and conduct 

 
Figure 5. Sensitivity analysis of GWP to solvent loss rates ranging from 0.002% to 5%. The stacked bars illustrate 
the changing contributions of utilities, solvent makeup, and disposal, while the black lines indicate the total GWP 
values. 
 

 
Figure 6. Sensitivity analysis of MSP to solvent loss rates. The calculated MSPs are compared against market price 
benchmarks for virgin PP, LDPE, and POM to assess economic competitiveness under varying operating condi-
tions. 
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experiments to validate the simulated unit operations and 
conduct multi-objective optimization. 

DIGITAL SUPPLEMENTARY MATERIAL 
The supplementary material can be consulted at 

http://PSEcommunity.org/LAPSE:2026.0029. 
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