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Materials and Methods 

Overview of LFM 

The life cycle of LFM consists of five key processes: growth medium production, LFM 

production, LFM module assembly, LFM module operation, and end-of-life disposal (Figure 1).1 

In growth medium production, necessary chemicals are mixed in water and sterilized (Table S1). 

The growth medium is then seeded with a starter culture (kombucha, Cultures for Health) in 

LFM production and incubated at 25 °C for 7-10 days. The incubation produces membrane-like 

LFM composed primarily of bacterial cellulose. Currently, LFM is produced as a flat sheet 

(25cm dimeter and 1.5mm thickness) in the lab, but past studies have shown that it can be 

molded into a variety of shapes and thicknesses.2 The LFM produced can be embedded into a 

plastic filter module in LFM module assembly, which is then ready for use as a water filtration 

module. LFM module operation includes three parts. The first part is operation (i.e. water 

treatment) where water is pumped through the LFM modules to produce treated water. The 

second part is backwash, which, based on experience from full-scale membrane filtration plants, 

includes daily backwash by reverse water flows, weekly chemical cleaning and semi-annual deep 

chemical cleaning. The third part is maintenance, which includes LFM regeneration and LFM 

replacement. To maintain the structural robustness, LFM is regenerated periodically by soaking 

the LFM in fresh growth medium during the down time. In addition, it is assumed that a LFM 

has a lifespan (e.g. 0.5 year), after which it has to be replaced with a new LFM. End-of-life 

disposal includes the disposal of used growth medium (from growth medium production and 

LFM module operation), used plastics (from LFM module assembly), and used LFM (from LFM 

module operation), which are assumed to be disposed of as domestic wastewater and municipal 

solid waste respectively.  
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Table S1. Life cycle inventory data based on lab data 

Input Output 

Growth medium production 

Acetic acid, 4.0 g 

Sugar, 85.0 g  

Tea, 1.0 g  

Tap water, 900mL  

Electricity, 0.02 kWh  

 

LFM production 

Growth medium, 900mL 

Electricity, 0.2 kWh  

 

LFM assembly 

Plastic casing, 7kg 

LFM fibers, *  

 

 

LFM operation  

LFM filter module, * 

Influent, 1.01 MGD 

Electricity, * 

Regeneration (growth medium), * 

Replacement (LFM fibers), *  

 

 

Growth medium, 900mL 

 

 

 

 

 

LFM, 1 fiber (0.05m2) 

Municipal wastewater, 900mL 

 

 

LFM filter module, 1 unit 

 

 

 

  

Treated water, 1MGD  

Municipal wastewater, 0.01MGD + * 

Municipal solid waste (waste LFM & 

plastic casing), * 

 

  

 

*calculated for each scenario using equations in Table S3. The scenarios are specified in Table 1 in the 

main text.   

**water consumption per module was calculated based on actual operation data from Basin Creek Water 

Treatment Plant. 

Note: waste LFM fibers and waste plastic casing are treated as municipal solid waste. Waste regeneration 

medium is treated as municipal wastewater. Electricity consumption for growth medium production and 

LFM production is estimated based on the typical energy consumption of lab/pilot-scale mixers and room 

temperature incubators (i.e. 2 kWh/m3 for mixers; 15 kWh/day for a 30 cu. ft. incubator and 8 days of 

incubation).  
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Table S2. Life cycle inventory data based on full-scale plant 

Input Output 

 

LFM operation  

Influent, 1.01 MGD 

  

  

Backwash  

      4-6 times/day: 

70 psi reverse water flow, ** 

Electricity,*** 

      once/week: 

Solution (5ppm NaClO), 63L/module 

      twice/year: 

Solution (3,000ppm NaClO, citric acid 

10,000ppm), 63L/module 

 

 

 

Municipal wastewater, 0.01MGD + * 

 

  

 

 

Municipal wastewater, ** 

 

 

 

Municipal wastewater, *  

 

Municipal wastewater, *  

 

 

*calculated for each scenario using equations in Table S3. The scenarios are specified in Table 1 in the 

main text.   

**water consumption per module was calculated based on actual operation data from Basin Creek Water 

Treatment Plant. 

***electricity consumption was calculated based on the pumping energy needed to generate 70 psi water 

flows. 
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Table S3. Life cycle inventory data from Ecoinvent v3.4 

 

treatment of wastewater, unpolluted, from residence, capacity 1.1E10l/year | wastewater, unpolluted, 

from residence | APOS, S 

market group for electricity, medium voltage | electricity, medium voltage | APOS, S – GLO 

market group for tap water | tap water | APOS, S – GLO 

market for extrusion, plastic pipes | extrusion, plastic pipes | APOS, S – GLO 

market for municipal solid waste | municipal solid waste | APOS, S – RoW 

market for waste plastic, mixture | waste plastic, mixture | APOS, S – RoW 

market for acetic acid, without water, in 98% solution state | acetic acid, without water, in 98% 

solution state | APOS, S – GLO 

market for sugar, from sugar beet | sugar, from sugar beet | APOS, S – GLO 

market for tea, dried | tea, dried | APOS, S – GLO 

market for sodium hypochlorite, without water, in 15% solution state | sodium hypochlorite, without 

water, in 15% solution state | APOS, S 

market for citric acid | citric acid | APOS, S 
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Table S4. Equations in the life cycle inventory analysis 

 

𝑁𝑜. 𝑜𝑓 𝐿𝐹𝑀 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 =
𝐹𝑈/1000

𝑓𝑙𝑢𝑥 ×𝑡𝑜𝑡𝑎𝑙 𝑓𝑖𝑏𝑒𝑟 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑓𝑖𝑏𝑒𝑟𝑠 𝑝𝑒𝑟 𝑚𝑜𝑑𝑢𝑙𝑒 ×20 ℎ𝑟𝑠/𝑑
   (Eq. 1) 

FU: 4,645 m3/day 

Flux: L/hr/m2, as shown in Table 1 in the main text 

Note: No. of LFM modules is rounded up to the next integer.  

𝑇𝑜𝑡𝑎𝑙 𝑓𝑖𝑏𝑒𝑟 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑝𝑒𝑟 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 = 𝑁𝑜. 𝑜𝑓 𝑓𝑖𝑏𝑒𝑟𝑠 𝑝𝑒𝑟 𝑚𝑜𝑑𝑢𝑙𝑒 × 𝜋 × 𝐿 × 𝐷   (Eq. 2) 

L: fiber length, 2m 

D: fiber diameter, 4mm 

 

𝑃𝑢𝑚𝑝𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟 (𝑘𝑊) = 𝑄 × 𝑇𝑀𝑃 ÷ 3600 ÷ 80%  (Eq. 3) 

Q: flow rate in m3/hr 

TMP: in kPa 

80%: pump efficiency 

 

𝐺𝑟𝑜𝑤𝑡ℎ 𝑚𝑒𝑑𝑖𝑢𝑚 𝑛𝑒𝑒𝑑𝑒𝑑 𝑖𝑛 𝑟𝑒𝑔𝑒𝑛 = 63
𝐿

𝑚𝑜𝑑𝑢𝑙𝑒
× 𝑁𝑜. 𝑜𝑓 𝐿𝐹𝑀 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 × 𝑅𝑒𝑔𝑒𝑛 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 (Eq. 4) 

63L: volume of growth medium or cleaning solution needed to fill each LFM module 

 

𝑁𝑜. 𝑜𝑓 𝑓𝑖𝑏𝑒𝑟𝑠 𝑛𝑒𝑒𝑑𝑒𝑑 𝑖𝑛 𝑟𝑒𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 = 𝑁𝑜. 𝑜𝑓 𝑓𝑖𝑏𝑒𝑟𝑠 𝑝𝑒𝑟 𝑚𝑜𝑑𝑢𝑙𝑒 × 𝑁𝑜. 𝑜𝑓 𝐿𝐹𝑀 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 ×
1

𝐿𝐹𝑀 𝑓𝑖𝑏𝑒𝑟 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛
 (Eq. 5) 

 

𝐶𝑙𝑒𝑎𝑛𝑖𝑛𝑔 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠 𝑛𝑒𝑒𝑑𝑒𝑑 𝑖𝑛 𝑏𝑎𝑐𝑘𝑤𝑎𝑠ℎ = 63
𝐿

𝑚𝑜𝑑𝑢𝑙𝑒
× 𝑁𝑜. 𝑜𝑓 𝐿𝐹𝑀 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 ×

𝐵𝑎𝑐𝑘𝑤𝑎𝑠ℎ 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 (Eq. 6) 
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Figure S1. Simulation results for NaOH-treated LFM  
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Figure S2. Simulation results for H2O2-treated LFM  
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