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Section S1. Waste collection plant 

The energy consumed in the waste pneumatic collection system is due essentially to the suction 
and compaction waste operation from the waste collection plant. 

For the energy calculation used in a waste collection plant per tonne of waste collected, the 
following procedure has been used: 

Data average from ENVAC: 
 Waste suction: 

o S: suction consumption: 220 kWh/h 

o Hs: working hours: 3,500 h/year 

o W: total waste collected: 6,482 t/year (value used for model calibration) 

 Waste compaction 

o C: compaction consumption: 15 kWh/h 

o Hc: working hours: 1,100 h/year 

o W: total waste collected: 6,482 t/year 

For these data, the consumption per tonne of waste collected for both processes has been 
estimated, obtaining the total consumption of this collection system. 

1. Calculation of suction consumption 

Ts: total energy consumption per year (kWh/year) 

Ts = S*Hs = 770,000 kWh/year 

ESW: total energy suction (kWh/t waste) 

ESW = Ts/W = 119 kWh/ton waste 

2. Calculation of compaction consumption 

Tc: total energy consumption per year (kWh/year) 

Tc = C*Hc = 16,550 kWh/year 

ECW: total energy compaction (kWh/t waste) 

ECW = Tc/W = 2.55 kWh/ton waste 
Te: TOTAL ENERGY CONSUMPTION IN A WASTE COLLECTION PLANT (per tonne of waste 

collected)  
Te = ESW + ECW = 119 + 2.55 = 121.55 kWh/t waste 

Section S2. Central collection points 

The number of the bins per collection point is variable depending on the company who manage 
it. Ros roca  usually collects 3 separate waste fractions, corresponding to 3 bins per collection point, 
while Envac  only collects 2 fractions (Ecoembes, 2011). In the model under study we have 
considered only one fraction at a time. Consequently, we consider one bin per collection point 
regardless of the number of the waste fractions that are collected.  

Data provided from two soruces: Ecoembes (2011) and Medina-Díaz (2009). 
 Data from Ecoembes (2011): 

o Nb: number of collection points per kilometre = 70 collection point/km = 70 bins/km 

o Ub: useful life of bin = 9 years 
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o Lp: total length of pipe line = 1 km (value used for model calibration) 

o W: total waste collected: 6,482 t/year 

 Data from Medina (2009): 

o Wb: weight of one bin = 40 kg assuming that the bin is totally composed by steel. 

The procedure for the calculation of the weight of bin in the system (kg) per tonne waste 
collected in a pneumatic waste collection system was the following: 

1. Calculation of the weight of bin in the system  

WTb: weight of total bin 

WTb = Nb*Wb*Lp = 70*40*1 = 2,800 kg bin 

2. Calculation of the total weight of the bin per tonne of collected waste 

Tb: weight of the bin per tonne of waste collected 

Tb = 
୛୘ౘ ୙ౘൗ୛ =  ଶ,଼଴଴ ୩୥ ୠ୧୬ ଽ ୷ୣୟ୰ୱൗ଺,ସ଼ଶ ୲ ୵ୟୱ୲ୣ/୷ୣୟ୰ = 𝟎. 𝟎𝟒𝟕𝟗 𝐤𝐠 𝐛𝐢𝐧 𝐭 𝐰𝐚𝐬𝐭𝐞⁄  

Section S3. Underground pipes 

Data provided by Ecoembes (2011), Medina-Díaz (2009) and Comarca de Pamplona (2007): 

o Nb: number of collection points per km= 70 bin/km= 70 bin/km 

o Up: Useful life of pipes = 30 years 

o Lp: Average pipe length per station line = 1 km 

Data from Comarca de Pamplona (2007): 

o Sd: Steel density of the pipe: 7,850 kg/m3 

o Id: Inner diameter: 0.498 m 

o Ir: Inner radius: 0.249 m 

o Wt: Wall thickness: 0.0125 m 

1. Calculation of the weight of pipe in the system 

Mr: major radius = Ir + Wt = 0.249 + 0.0125 = 0.262 m 

Ov: outer volume = π ∙ ሺM୰ሻଶ ∙ L୮ = π ∙ ሺ0.262 mሻଶ ∙ 1000 m = 215 mଷ 

Iv: inner volume = π ∙ ሺI୰ሻଶ ∙ L୮ = π ∙ ሺ0.249 mሻଶ ∙ 1000 m = 195 mଷ 

Pv: pipe volume = Ov-Iv = 20 m3 

Wp: weight of pipe = Pv*Sd = 157.37 kg pipe/km 

2. Calculation of the total weight of pipe per tonne of waste collected 

Lp: total length of pipe line = 1 km (value used for model calibration) 

W: total waste collected: 6,482 t/year 
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Tp: weight of pipe per tonne of waste collected 

𝐓𝐏 = ൫W୔ ∙ L୮൯ U୮൘W = ሺ157.37 kg pipe ∙ 1 kmሻ 30 years൘6,482 t/year = 8.093 ∙ 10ିସ kg pipe t wasteൗ  

 

Knowing Tb and Tp, the total weight of stainless steel per tonne of waste collected in: 

T = Tb + Tp = 0.0487 kg steel/t waste 
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