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THE PROCESS

Modification of the patented method:  

WO2018215967A1 - Process for the 

hydrometallurgical treatment of electronic 

boards. 

PCBs from cars and PCs;

Capacity: 350 tons/year;

2 tons/batch; 

175 batch cycles/year.

Process stages tested on a lab scale

Element Concentration

Au 150 g/t

Ag 300 g/t 

Cu 13.7 %wt

Al 4.6 %wt

Fe 4.9 %wt

Zn 4.7 %wt

Sn 2.3 %wt

Other metals 3.8 %wt

Inert (plastics, resins, fiberglass, 

ceramic)
~66 %wt

INPUT DATA

SuperPro Designer SIMULATION 

1st stage:

H2SO4: 1.8 mol/L; 

H2O2: 1.96 mol/L;

pulp density: 15 % wt/vol.

reaction time: 1.5 h;

temperature: 25°C;

mixing speed: 250 rpm.

2nd stage:

H2SO4: 0.2 mol/L; 

Fe2(SO4)3: 22.5 g/L;

CS(NH2)2 - (thiourea): 20 g/L;

pulp density: 10 % wt/vol.

reaction time: 1 h;

temperature: 25°C;

mixing speed: 250 rpm.

LEACHING STAGES 

1st stage runs in a countercurrent mode:

Cu - Sn

Au - Ag

RECOVERY STAGES 

Tin
Recovered as H2SnO3 by precipitation with polyamine.

Copper
Recovered by electrowinning:

• anode: titanium alloy;

• cathode: copper;

• current density: 250 A/m2;

• cell voltage: 1.5 V; 

• time: 1 h;

• temperature: 25°C.

Gold
Recovered by electrowinning:

• anode: titanium alloy;

• cathode: graphite;

• current density: 50 A/m2;

• cell voltage: 1.2 V; 

• time: 2 h;

• temperature: 25°C.

Silver
Recovered by electrowinning:

• anode: titanium alloy;

• cathode: graphite;

• current density: 75 A/m2;

• cell voltage: 1.4 V;

• time: 2 h;

• temperature: 25°C.

650°C, 1 h

SnO2

PROFITABILITY ANALYSIS

Item Cost (€)

Main equipment 1,490,000

Auxiliary and unlisted equipment 30% 447,000

Drums/big bags for packaging 10,000

Laboratory equipment 250,000

Equipment Purchase Cost 2,197,000

Installation 12% 263,640

Piping 3% 65,910

Instrumentation 7.5% 164,775

Insulation 1.5% 32,955

Spare parts (2 years) 1% 21,970

Electricals 5% 109,850

Buildings 8% 175,760

Total Plant Direct Cost (TPDC) 3,031,860

Engineering, Procurement, 

Construction
10% 303,186

Supervision, start-up & training 5% 151,593

Contingencies 1% 30,319

Total Plant Indirect Costs (TPIC) 485,098

Direct Fixed Capital (DFC) 3,516,958

CAPEX

Useful plant life: 15 years;

Construction time: 8 months;

Opportunity cost of capital: 5%. 

10-year loan with an interest rate of 3%. 

Level of taxation is set at 25%.

Depreciation period: 10 years.

OPEX

Raw materials

Raw material
Consumption 

(tons/year)

Sulfuric acid (98 %wt) 489

Hydrogen peroxide (30 %vol) 202.7

Ferric sulfate (s) 37.1

Thiourea 26.3

Polyamine (l) 0.57

Water 677

NaOH(s) 2.80

CaO (s) 5.25

PCBs 350

Item Cost (€/year)

Raw Materials                     218,400

Labor-Dependent 248,430

Loan payment 343,351

Laboratory/QC/R&D                    20,000

Consumables 60,000

Waste Disposal 38,325

Wastewater treatment 42,061

Utilities (electric energy + methane) 51,794

Transportation 15,000

Miscellaneous 10,000

Running Royalties                         -

Maintenance & Insurances 36,418

Annual operating costs 1,083,779
Hypothesis: No collection cost for spent PCBs!!

ECONOMIC EVALUATION REPORT

Profitability summary

Item

Direct Fixed Capital 3,516,958 €

Working Capital 556,949 €

Start-up cost 15,000 €

Up-front R&D 10,000 €

Total Investment 4,098,907 €

Revenues 2,603,283 €/year

Annual Operating Costs 1,083,779 €/year

Gross Profit 1,519,503 €/year

Taxes 379,876 €/year

Net Profit 1,139,627 €/year

Gross Margin 58.4 %

ROI 27.8 %

Payback Time 3.6 years

Gold: 43.8 kg/year 

Silver: 85.8 kg/year 

Copper: 42.4 tons/year

Tin oxide: 7.2 tons/year
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DISCOUNTED CASH FLOW ANALYSIS

NO profitability if the PCB purchase price exceeds 1.5 EUR/kg!

Supporting the transition of the 

automotive sector towards circular 

economy
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