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• Paradigm shift of urban sanitation & metabolism

• Source separation and decentralization

• Challenges of wastewater management 

decentralization

• Self organization
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• 1st generation: removal of BOD

– 1960-1990 in developed countries, 1990-2000s in Korea

– Construction of sewers and centralized wastewater treatment plants

– Highly subsidized by federal and state agencies

– Took about 30 yrs for BOD removal from 10% to ~90%
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• 2nd generation: improved effluent 

quality, including nutrient (N, P) 

removal

– Mainly to deal with eutrophication 

problems (algal bloom)

• 3rd generation??
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• Rapid urbanization

– Rapid population growth                       
(~20 billion in early 20c  ~70 billion current)

– Most people dwell in urban areas 
(~20% in early 20c  ~50% current)

– Rapid population growth

– Limited budget to construct water 

infrastructure in developing countries
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– Projection of population in 

rapidly growing cities is 

challenging: overloading sewers

• Frequent flooding of sewers

• Permanently active CSOs 

(combined sewer overflow)

– Water scarcity problems



• Sustainability issues

Need for

– Low energy consuming (or energy-neutral, net energy-producing) 

facilities

– Restore water cycle in urban areas

– Facilities with lower carbon footprint

6



7

Food

Highly organized industrial products

Human waste, food residue

Mixed-up waste

Mineralized products

Environment, landfill

E
n

e
rg

y

E
n

tro
p

y

Entropy ↑

poten=al to work  ↓

Benefit

Treat-
ment



8

Consumers

WWTP

Environment

Energy

Resources

Energy

Resources

• Drainage (transport)

– Pipeline & pumping

– Spend energy & resources to lower 

elevation (?!)

– ~70% of total cost for WW management

• Treatment

– Key process: aerobic biodegradation

– Spend energy & resources to mineralize 

organics (?!)

– >50% of total E for WW treatment spent 

for aeration
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• Wastewater = water + nutrients + reduced carbon (chemical 

energy) + heat

• Wastewater reuse

– Effective solution in dry regions

• Reliable water resource

• Usually cheaper than saltwater desalination

– Non-potable water reuse

– (Direct/Indirect) Potable water reuse

• Heat recovery from wastewater
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• Recovery of reduced carbon: CH4, bioethanol, bio-oil, bioplastics, …

• Recovery of other forms of energy: electricity, H2, …

• Recovery of nutrients: fertilizer (ex: struvite), soil amendments (ex: 

stabilized sludge), …

• Recovery of low-temperature heat using heat pumps
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Fresh urine, ~8800 mg N/L

WWTP influent, 40~70 mg N/L

x100 dilution
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vs
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`

처리구역 관로연장(km) 처리시설용량(백만 m3/일)

중랑 3,601 1.71

탄천 1,896 1.10

서남 3,366 2.00

난지 1,839 1.00

계 10,728 5.81
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• Designed as an energy-independent building

• Electricity consumption for wastewater treatment↑ than designed by 

increased number of visitors

• At peak season, wastewater was drained untreated / transported outside by 

helicopters

• New Monte Rosa, the 

Switzerland; at the top 

of Monte Rosa ski resort

• Project by ETH Zurick
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• Challenge of acceptance

• Challenge of transport

• Challenge of developing treatment processes
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• Water extraction rate: 150 m3/day

• Decentralized process: rotary screen (pretreatment)  biological treatment 

(attached growth)  UV disinfection  subsurface irrigation

• Irrigation water quality: BOD ~10 mg/L, T-P 5~15 mg/L, NO3-N 4~14 mg N/L
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• City of Mobile, Alabama, US

• A portion of wastewater was 

extracted from a sewer pipe, 

treated at a decentralized 

facility & reused as irrigation 

water for parks
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• “A process where some form of overall order arises from local 

interactions between parts of an initially disordered system”

Disordered arrangement of “spins” Ordered arrangement of “spins”: magnet
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Random movement of water 

molecules

Ordered movement of water molecules: 

“Bénard roll”
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• Global order from local 

interactions

• Distributed control

• Robustness, resilience

• Non-linearity and feedback

• Emergence

• Bifurcation

• Far-from-equilibrium dynamics

Heylighen, F. (2001) The science of self-organization and adaptivity. 

The Encyclopedia of Life Support Systems. 5(3): 253-280.
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• Thick differently but comprehensively: a “smartphone 

approach”

“A smart phone is not a downsized 

telephone, TV, photo camera, 

computer, CD player, and so on but 

a new device which fulfills its tasks 

on the basis of entirely new 

technology and with considerably 

less material and at less cost than 

all these gadgets together.”




