
Supplementary materials 
Complexity evaluation of the environmental control and life support system 

based on directed and undirected structural entropy methods 

The following introduces several subsystems of ECLSS and the technical selection of 

each subsystem. 

(1) CO2 reduction 

CO2 reduction technology can enable the recovery of oxygen to improve the closure. 

At present, Bosch and Sabatier reduction methods are primarily applied. Particularly, the 

Sabatier reduction method with a relatively high technical maturity and good stability is 

applied to the ISS. 

Sabatier reaction 

2 2 4 24 2CO H CH H O+ → +  (1)

Bosch reaction 

2 2 22 2CO H C H O+ → +  (2)

The mass and power consumption of Sabatier reduction method are lower than that 

of Bosch reduction method, but the theoretical closure of Sabatier method is lower than 

that of Bosch reduction method, nearly 50%. Bosch reduction method can theoretically 

recover 100% oxygen from the CO2 [1,2]. 

(2) Water management 

The water management system makes physical and chemical processing of 

wastewater including urine and condensate water, and provides water for drinking, 

sanitation, oxygen production and urine flushing [3]. ISS pretreats urine firstly and then 

treats it together with wastewater using VCD. NASA is developing the physicochemical 

regeneration technology, which mainly includes the VPCAR and wiped film rotating disk 

(WFRD), without urine pretreatment [4]. Although the power consumption of VPCAR is 

higher, its water recovery rate is also higher than that of ISS [5-7]. 

(3) Waste management 



At present, the waste collection system is only responsible for the collection and 

compression (CC) of waste, while the solid waste contains 25% moisture. Recycling this 

moisture can further improve the closure degree of the system. HMC is a waste treatment 

technology integrating water recovery, volume compression and treatment stabilization 

[8]. 

(4) CO2 removal 

In the manned space mission, it is necessary to remove CO2 metabolized by astronauts 

in a certain way to ensure that the CO2 concentration in the cabin remains within the 

acceptable range and avoid them any harm. ISS uses 4BMS, and the future development 

technology mainly includes 2BMS supported by hydrophobic adsorbents [9], as well as 

solid amine and ionic liquid adsorption [10]. The volume, mass and power consumption 

of 2BMS are lower than that of 4BMS, but the current technology maturity is not high. 

(5) Temperature and humidity control 

In the temperature and humidity control subsystem, the condensing and separating 

components directly determine the system performance. The existing condensing 

separation components mainly includes the FGC components composed of condensing 

heat exchanger, slurper structure, water vapor separator, etc. The SGC module integrates 

the functions of condensation heat transfer and water vapor separation [11]. The FGC 

components has high maturity, and the SGC has small volume and no rotating parts. 

The OGA and TCC technologies of the two schemes are consistent with ISS. Solid 

polymer water electrolysis is used for oxygen regeneration [12]. Adsorption and catalytic 

oxidation is used for TCC [13,14]. 

Table 1 summarizes the performance comparison of different assembly, including 

recovery and power consumption.  

Table 1. Comparison among the performance parameters. 

Assembly Generation Recovery Power 

CO2 reduction [1] 
Bosch <100 % 1.38 kW 

Sabatier < 50 % 0.4 kW 



Water management [5-7] 

VPCAR 98 % 1.9 kW 

VCD 90-95 % 0.7 kW 

Waste management 
HMC 25 % 

HMC > CC 
CC -- 

CO2 removal 
4BMS -- 

4BMS > 2BMS 
2BMS -- 

Temperature and 

humidity control 

FGC -- 
FGC > SGC 

SGC -- 

In the future, ECLSS system will be developed in the direction of multiple functions 

or integration, with more significant reduction in mass and power consumption. For 

example, the new ionic liquid technology can provide an integrated system for removing 

carbon dioxide, humidity and trace contaminant [15]. As the maturity of these new 

technologies is limited, the technology selection of the overall scheme in this study will not 

be considered. 
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