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Global EcoGlobal Eco--system & Economical Subsystemsystem & Economical Subsystem

Resource

Global EcoGlobal Eco--systemsystem

Energy SourceEnergy SourceEnergy Source

SinkSinkSink

Solar Energy input to the Earth  177,000 TW=1.77X10Solar Energy input to the Earth  177,000 TW=1.77X101414KWKW

EconomyEconomy
Sub.SystemSub.System

Heat (output) RadiationHeat (output) RadiationHeat (output) Radiation

Soft Energy PassSoft Energy PassSoft Energy Pass

Solar ConstantSolar Constant＝＝1.382W / m1.382W / m22

Shiny grand surface at TokyoShiny grand surface at Tokyo＝＝ 1.11.1--0.8W / m0.8W / m22(Heat and Light)(Heat and Light)

Yearly input of surface at TokyoYearly input of surface at Tokyo＝＝38 KWh / m38 KWh / m22

Per Person Consumption 
=10,000 KWh/y               
(GDP10,000-30,000 US$ )

Per Person Consumption 
=10,000 KWh/y               
(GDP10,000-30,000 US$ )

Fossil & Atomic Energy
(Low Entropy source) =10 TW

Fossil & Atomic Energy
(Low Entropy source) =10 TW

To Biomass=150TWTo Biomass=150TW

PollutionPollution

To Water Cycle ~ 41,000TW   
(23% of Solar Input)

To Water Cycle ~ 41,000TW   
(23% of Solar Input)

TamboTambo 20052005



Protective AreaProtective Area

Fertilizer

Food InorganicInorganic mattermatter

Concentrated Use ofConcentrated Use of
Fossil and Atomic  EnergyFossil and Atomic  Energy

Information
Multiple &

Interdependent

short , frequent yearly long time lag         diverse & indeterminate

丹保原図（２００２）丹保原図（２００２）

Productive Area

Solar EnergySolar Energy

Strategy :Conservation   Strategy :Conservation   
of  Diversityof  Diversity

Strategy : Growth ofStrategy : Growth of
Food & OrganicsFood & Organics

Boundary control : ForestBoundary control : Forest
Boundary control : Boundary control : 
Engineering & Engineering & forestforest

Wasted heatWasted heat

ReuseReuse

UrbanUrban--Industrial Industrial 
AreaArea

Strategy:Production Strategy:Production 
of Goodsof Goods

Information Information 
(feed back)(feed back)

( 2 years cycle)( 2 years cycle)

Carrying   Carrying   
CapacityCapacity

Structural (designable) capacity         Reserved (unaffordable)Structural (designable) capacity         Reserved (unaffordable) capacitycapacity

Environmental AssessmentEnvironmental Assessment
Environmental ControlEnvironmental Control

Control                                                       MoControl                                                       Monitornitor

Tambo 2002



Low Entropy and HighLow Entropy and High Entropy WorldEntropy World

△Ｅ＝Q/Tout-Ｑ/Tin △△ＥＥ＝Q/TQ/Toutout--ＱＱ/T/Tin in 

Solar Energy BaseSolar Energy Base

Fossil & Atomic EnergyFossil & Atomic Energy
HeatHeat

DispersedDispersed

HeatHeat

Solar Constant                                          
Q=8.142J/cm2min1=2.0cal/cm2min=1,382W/m2

Tin=6000K ,Tout=300K    △Ｅ=0.0062cal/cm-2min-1 K

Solar Constant                                          
Q=8.142J/cm2min1=2.0cal/cm2min=1,382W/m2

TTin=6000K ,T=6000K ,Tout=300K    =300K    △△ＥＥ=0.0062=0.0062cal/cm-2min-1 K

Solar Energy BaseSolarSolar Energy BaseEnergy Base

HighHigh Entropy SocietyEntropy Society

Low Entropy Society
Centralized

Low Entropy SocietyLow Entropy Society
Centralized

Modern Urban SocietyModern Urban Society

Hydro-electric EnergyHydro-electric Energy

Biomass     
Wind Power 
Solar Cell   etc

Biomass     
Wind Power 
Solar Cell   etc

TamboTambo 20042004



Energy Density of Various Energy ResourcesEnergy Density of Various Energy Resources

KWh / mKWh / m22 / Y/ Y KWh / mKWh / m22

Home Consumption 3535 0.0240.024
Office Consumption 400 0.0450.045
Solar Cell 15%operation 2424 0.0820.082

Windmill 20%operation 2121 0.0120.012
Bio-mass Aspen,@6years 22 0.000320.00032
Thermal Power  75% op. 9,5609,560 1.61.6
Atomic Power 75% ope. 12,40012,400 2.02.0

Denryoku-chuukenn: Concept of Future Energy (Japan electric research center) 1998
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Water &EnergyWater &Energy Water &HealthWater &Health
(Sanitation)(Sanitation)

Water &Water &
BiodiversityBiodiversity
(Ecosystems)(Ecosystems)

Water &Water &
AgricultureAgriculture

Water Supply &Water Supply &
Quality ManagementQuality Management

Water SectorsWater Sectors



WATER DISTRICTWATER DISTRICT
•• Establishment of much more closed Establishment of much more closed 

urban aquatic metabolism for high urban aquatic metabolism for high 
population density and activity area.population density and activity area.

•• Water district is more ergonomic system Water district is more ergonomic system 
than ecological.than ecological.

•• Integrated river basin management is Integrated river basin management is 
improved remarkably by introducing the improved remarkably by introducing the 
water district conceptwater district concept..



WATER DISTRICTWATER DISTRICT

SEWERSEWERSEWER

DRINKING WATERSUPPLYDRINKING WATERSUPPLY

REUSED WATER SUPPLYREUSED WATER SUPPLY

ENVIRONMENTAL LAKEENVIRONMENTAL LAKE
Quality & quantity bufferQuality & quantity buffer

Water quality monitoringWater quality monitoring

Sewage treatment plantSewage treatment plant

with advanced processeswith advanced processesCITY AREACITY AREA
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Emergency replenishment line

Drinking water purification P.Drinking water purification P.

UF+NF

Coagulation + SedimentationCoagulation + Sedimentation

(Coagulation)+UF(Coagulation)+UFReclamation plantReclamation plant

DrainDrain

RORO（（desaltingdesalting））

Biological P.Biological P.＋＋CoagulationCoagulation＋＋UF+XUF+X



WATER DISTRICTS & FARMLANDWATER DISTRICTS & FARMLAND

農地農地農地農地

沿岸沿岸

都市都市

都市都市

ドレイン系

環境湖環境湖

環境湖環境湖

再生系再生系

再生系再生系

補水系

溜池溜池

自然河川自然河川

FARMLANDFARMLANDFARMLANDFARMLAND

SEASEA

CITYCITY

CITYCITY

Drain

Environmental LakeEnvironmental Lake

Environmental LakeEnvironmental Lake

ReuseReuse

ReuseReuse

Supply

PONDPOND

Natural RiverNatural River

ReuseReuse

ReuseReuse



Tap v.s. Bottled WaterTap v.s. Bottled Water

$ 1$ 1--2/m2/m3 3 $ 1000/m$ 1000/m33

300 300 LL/p/d    /p/d    20 20 LL/p/d/p/d

mg/mg/L            L            μμg/g/LL



Energy ConsumptionEnergy Consumption
Tokyo Water & Sewage WorksTokyo Water & Sewage Works（（19951995）） 7 million m7 million m33/d/d

• Water & sewage works as a whole
0.82 kWh/㎥

(Treatment 45%、Transportation 55%)

• Water Supply 0.38 kWh/㎥
(Treatment 20%、Transportation 80%）

• Sewage Works 0.44 kWh/㎥
（Water & sludge treatment 67%,  Transportation 33%)

• Sea Water Conversion：3-5 kWh/㎥

•• Water & sewage works as a wholeWater & sewage works as a whole
0.82 kWh/0.82 kWh/㎥㎥

(Treatment 45%(Treatment 45%、、Transportation 55%)Transportation 55%)

•• Water SupplyWater Supply 0.38 kWh0.38 kWh//㎥㎥
(Treatment 20%(Treatment 20%、、Transportation 80%Transportation 80%））

•• Sewage WorksSewage Works 0.44 kW0.44 kWh/h/㎥㎥
（（Water & sludge treatmentWater & sludge treatment 67%,  Transportation 33%)67%,  Transportation 33%)

•• Sea Water ConversionSea Water Conversion：：33--5 5 kWh/㎥



•• AvoidAvoid inefficiency (poor cost performance) of inefficiency (poor cost performance) of long long 
distance bulk transportation.distance bulk transportation.

•• Separate excrement and gray waterSeparate excrement and gray water in order to in order to 
ensure recycle of excrement for fertilizer and to ensure recycle of excrement for fertilizer and to 
get easy reuse of gray water for irrigation, ground get easy reuse of gray water for irrigation, ground 
water recharge etc.water recharge etc. after developed sanitary after developed sanitary 
quality control.quality control.

•• Dispersed small scale treatment facilitiesDispersed small scale treatment facilities and a and a 
new service installationsnew service installations are needed. It could be are needed. It could be 
an appropriate  technology for the developing an appropriate  technology for the developing 
world as well as to reconsider the  20world as well as to reconsider the  20thth century century 
commonsense  of developed modern world.commonsense  of developed modern world.

WATER DISTRICTSWATER DISTRICTS
AGRARIAN & RURAL AREASAGRARIAN & RURAL AREAS



Aerobic Aerobic 
Wastewater TreatmentWastewater Treatment

Artificial  wet landArtificial  wet land

(Pond)(Pond)

Dry toiletDry toiletNight soil
Urine

Bath
/Shower

Irrigation, RechargeIrrigation, Recharge

FertilizerFertilizer

Clean Water SupplyClean Water Supply

EcoEco--sanitationsanitation

GarbageGarbage

Clean RiverClean River

Kitchen

Energy RecoveryEnergy Recovery

Laundry

Septic tank Septic tank 
SeparatorSeparator



AGRARIAN & RURAL AREASAGRARIAN & RURAL AREAS’’
SMALL SCALE FACILITIES SMALL SCALE FACILITIES 

NIGHT SOILNIGHT SOIL
•• Separated toiletSeparated toilet
•• Vacuum car or tube Vacuum car or tube 

collection systemcollection system
•• Night soil digestion + Night soil digestion + 

aerobic process + good aerobic process + good 
separation process separation process 
+sludge recovery for +sludge recovery for 
fertilizer+conditioningfertilizer+conditioning

•• Use of local natural Use of local natural 
energy sourceenergy source

•• Local reuse of the Local reuse of the 
recoveryrecovery

GRAY WATERGRAY WATER
•• Separated domestic Separated domestic 

waste collection + waste collection + 
aerobic treatmentaerobic treatment

•• Water reuse on siteWater reuse on site
•• Sludge recoverySludge recovery
•• Use of local natural Use of local natural 

energy sourceenergy source

Truly advanced concept and technology Truly advanced concept and technology 
such as Biotechnology, Membrane such as Biotechnology, Membrane 
technology, Control technology, Energy technology, Control technology, Energy 
technology, Reliable materials  etc. are technology, Reliable materials  etc. are 
needed.needed.
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