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Conceptual process simulation

Design of HTL plant:
• Capacity: 200 kton/year (25 ton/h)

• 175 bar and 350 ℃

• 10 wt.% NaOH solution

• Plastic-to-solvent ratio was 0.2 kg/kg  

        (5 ton-solvent per ton-plastic waste)
• Recirculation solvent : 80% -90%
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• 10% purge

• 20% purge

Case 2: blend plasticsCase 1: polyolefines

• 10% purge

• 20% purge

PP, PE PP, PE, PET, PA, 
PVC, PUR, ABS, PC

polypropylene (PP), polyethylene (PE), polystyrene (PS), Polycarbonate (PC), polyamide (PA), polyethylene terephthalate 
(PET), polyurethane foam (PUR), poly-acrylonitrile-butadiene-styrene (ABS), polyvinyl chloride (PVC)

▪ The structures of PP, PE, and PS remained 
unchanged during solvolysis, with only the 
additives breaking down and being 
removed.

▪ Other plastics were broken down. 
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Dissolution and neutral reactions  

50%

50%

Reactions Type Stoichiometry

1 Equilibrium HBrO <-->  BrO- +  H+

2 Equilibrium H2PO4
- <-->  H+ +  HPO4

2-

3 Equilibrium H3PO4 <-->  H+ +  H2PO4
-

4 Equilibrium HPO4
2- <-->  H+ +  PO4

3-

5 Equilibrium HCl  <-->  Cl- +  H+

6 Equilibrium NH3 +  HCO3
- <-->  H2O  +  NH2COO-

7 Equilibrium NH3 +  H2O  <-->  OH- +  NH4
+

8 Equilibrium HCO3
- <-->  CO3

2- +  H+

9 Equilibrium H2O  +  CO2 <-->  HCO3
- +  H+

10 Equilibrium H2O  <-->  OH- +  H+

11 Equilibrium 3 BrO- <-->  2 Br- +  BrO3
-

12 Dissociation NaOH  -->  OH- +  Na+

Additive degradation stoichiometry



Results
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Steams:
• Consumption of NaOH: 

— 86 ‒ 146 ton/kton-plastic  (10- 20% purge); 
— Case 1< Case 2: NaOH reacted with HCl from PVC degradation

• Yield detoxified solid residue:  Case 1: 885 ton/kton-plastic; Case 2: 685 ton/kton-plastic
• Wastewater: 10% purge: 512-532 ton/kton-plastic; 20% purge: 1023-1062 ton/kton-plastic

Energy:  
• Heat input: 548 -593 kWh/ton-plastic
• Cooling input: 227-243 kWh/ton-plastic
• Recovered to district heating: 160-170 kWh/ton-plastic
• Internal heat recovery for preheating in the HTL process 

Cost:

• CAPEX + OPEX: 60- 80 €/ton- plastic waste
• OPEX: 80%  (largest cost: solvent replacement 56-68% of OPEX)
• CAPEX: 20% (HTL reactor: 50% of total equipment cost)

Summary of result for 200 kton/yr capacity



2024-10-017

0

20

40

60

80

100

120

140

20 kton/yr 80 kton/yr 200 kton/yr

S
p

e
c
if
ic

 c
o

s
t 

/(
€
/t
o
n
 p
la
s
ti
c
 w
a
s
te
 i
n
p
it
)

Case 1_10% purge
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Solvent replenishment /(€/ton) Utilities /(€/ton)
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OPEX CAPEX

• CAPEX + OPEX: ~60 €/ton-plastic waste (200 kton/yr capacity) ; ~125 €/ton-plastic waste (20 kton/yr 
capacity)

• CAPEX contributes a higher proportion at smaller capacities 
• Specific utility and solvent usage is negligibly affected by capacity

Effect of plastic waste input capacity
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• The structures of PP, PE, and PS 
remained unchanged during 
solvolysis, with only the additives 
breaking down and being 
removed.

• Other plastics were broken down. 
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Decomposition pathway of plastics
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Life cycle assessment of solvolysis 
process concept
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Agenda

●Goal and scope

●Functional unit and system boundaries 

●Data collection and modelling 

●Results

●Conclusions and discussions 
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What is life cycle assessment (LCA)?

●Measures the environmental impact 
of a product during its life cycle, i.e. 
raw material extraction, production, 
use and end-of-life management

●In relation to a delivered function 
●   v       t     p ct p   “Fu ct      u  t”

● Example: ton concrete, km transport
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Goal

Assess the environmental impacts of scaling up the 
solvolysis process with waste plastic as raw material. 

Identify important hotspots among the processes/activities 
in the system studied.
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Scope
●Gate to gate assessment 

● Two mixtures of plastic waste - 
● Case 1 – PP and PE 

● Case 2 – PP, PE, PET, PA, PVC, PS, ABS, PUR, PC

● Scenarios studied – 
● Purge stream – 10% 

● Purge stream – 20%  

● Environmental impacts presented (EF3.1)
● climate change, fossil

● Acidification Potential 

● Eutrophication – Freshwater 

● Abiotic Depletion Potential –fossil 

● Ecotoxicity Freshwater

Functional unit: 
● 1 ton of waste plastic handled 
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System boundary 
System boundary: 

●  Cradle to gate 

Key Assumptions:

●Plastic waste collection: 500kms 
by truck

●Electricity : Swedish grid mix

●Energy source : Natural gas 
(Heating and cooling)

●Plastic assumed to be sorted 

●No burden on plastic waste 
entering the system -  cut-off 

Waste plastic

Electricity

Transport 
NaOH,10% wt. 
(Net amount) 

Cooling duty

Heating duty

Transport 

HTL Reactor

WWTP

System Boundary
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Data collection and modelling

●Information and process simulation data (Based on ASPEN) have been provided by 
RISE.

●The system is modelled with Swedish electricity grid mix and heat from natural gas

●Only Sodium hydroxide losses are included.

●Waste Water treatment plant was modelled from literature sources. 
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Scenarios Weight of clean plastic 
(kg) 

Potential Energy 
(MJ)

ADP fossil 
(MJ)

Case 1  P10 875 35000 4346

Case 1  P20 875 35000 5504

Case 2 P10 680 27200 4045

Case 2 P20 680 27200 5254

Results - Potential benefit of 
treated plastic
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Results – Case 1 (PP,PE)
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Results – Case 1 (PP,PE)
● Energy demand dominates Climate Change and ADP –fossil

●WWTP dominates Eutrophication Potential and Ecotoxicity freshwater 

● Transport of plastic waste contributes to some impacts quite significantly 
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Results – Case 1 (PP,PE)
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Results – Case 2 (Blended)
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Result
➢20% purge increseas CC 

impact by 30%

➢Heat Demand increases by 7%

➢NaOH used is twice the 
amount in P10

0

50

100

150

200

250

300

350

400

Case 1 Case 2

kg
 C

o
2

e
q

. /
 t

o
n

 w
a

st
e 

p
la

st
ic

 r
ec

yc
le

d

Climate change impact, fossil 
Results for different purge streams 

P10 P20



IVL |

Results
➢Phosphate content in 

Wastewater stream affects 
Eutrophication potential 
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Result
➢Phenols is the biggest hotspot 

➢Followed by Bisphenol-A and 
chlorides

➢Case 2 with 10% purge has 
lower amounts of phenols in 
waste water stream.
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Waste plastic

Electricity

Transport 
NaOH,10% wt. 
(Net amount) 

Cooling duty

Heating duty

Transport 

HTL Reactor

WWTP

System Boundary
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Remarks/Conclusions
●     p t  t    b   f t  f ”cleaned” p  st c  s larger than the impact of the HTL impact itself, in 

terms of energy and climate impact

● WWTP was a rough model – only theoretically modelled, not measured

● A model is a model, i.e. always approximate

● Transport distances can affect the results, as well as transport mode and fuel/energy source. 

● Key compounds in wastewater stream are likely to be phenols, chlorides and phosphates

● Use of biomass for energy reduces Climate change impact, but could potentially increase other 
impact categories.
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