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 Digital Grid is the future of electric grid beyond Smart 
Grid.   

 Small standalone cell grids will be independent in the 
beginning, then asynchronously connected each other. 

 Main grid is like a trunk in a tree with traditional power 
generation, and cell grids are like leaves with a lot of 
renewable generations. 

 These structure will compose new electrical grid system. 
 Africa will be a test bed of this structure.  
 Africa is treasury land in terms of renewable energy. 



3 © Socio-Strategic Engineering/Investment Labo. 

Trunk and leaves with sun-shine 

#1 

#5 

#4 

#7 

#2 

#3 

#6 

Indus
tries 

All rights reserved, Rikiya ABE, the University of Tokyo  

Service 
Provider 

Thermal Power 

AC or 
DC grids 

Current 
Grid: Trunk 

Stand alone Cells: 
Leaves 

Digital GridTM 



4 © Socio-Strategic Engineering/Investment Labo. 

Shift from Fossil to Renewable Energy  
 
  Is this possible? 
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Solar Potential 

World primary energy consumption
（500 eJ）* 

Oil proved reserves and oil sands (8,550eJ）* 

Inferred resources of Uranium (20,220 eJ)** 

Possible amount of PV generation annual (117,000eJ=3.9x106eJx10%x30%) 
    -10% solar to power efficiency 
    -10% of land area 

Hydro energy 
consumption（11eJ）* 

Gas proved reserve (8,040 eJ)* 

Global wind 
resources 
（1,000 eJ）*** 

Annual Flow 

Coal reserves (23,100 eJ)* 

Stock 

*     : BP world energy 2009 
**   : OECD nuclear energy data 2008 
*** : World energy council survey of energy resources 2007 
eJ   : exajoule (10^18 J) 

    
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PV Myth: Solar electricity cannot serve any   
significant fraction of US or world electricity needs. 

http://www1.eere.energy.gov/solar/myths.html 



7 © Socio-Strategic Engineering/Investment Labo. 

The solar energy resource in a 100-mile-square area of Nevada could supply the 
United States with all its electricity (about 800 GW) using modestly efficient 
(10%) commercial PV modules. 

http://www1.eere.energy.gov/solar/myths.html 
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100 miles x 100 miles PV area  
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17 miles x 17 miles PV area per each 
state 
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Will PV become affordable? 

Earth Policy Institute “World Average Photovoltaic Module Cost per Watt, 1975-2006”, December, 2007;   
http://www.earth-policy.org/datacenter/xls/indicator12_2007_7.xls 
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What is RE’s problem to the electric 
grid? 
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Fragile mechanism in large synchronous grid 

http://www.fepc.or.jp/learn/souden/keiro/sw_index_01/index.html 

Generator 

Hydro Electric 

Thermal Power 
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Large synchronous grid won’t accept REs 
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An old transformer triggered a 
large scale blackout in North East 
USA I August, 2003. 
 ⇒Large synchronized electrical 
system will be affected each other. 
 
 ⇒Variable power generation such 
as PV, Wind affects this system 
 
 ⇒Small failure will be the cause of 
next failure, cascading into a large 
scale blackout. 
 

Small accident will trigger Large Scale - 
Cascading Blackouts 
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New Procedure to Large Electric 
System from Distributed Generation  
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Independent Grid connection via DGR 

Independent small grids cannot connect synchronously because of low 
density  demand. 
These independent asynchronous grids can be connected when it is 
necessary via DGR and  accommodate power each other. 
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Digital Grid for developing countries  

A new approach to develop electrical grids in 
developing countries. 
– Cell grids  already exist as municipal 

electric power supply.  
– In order to connect them, it is not cost 

effective to install a large power station 
and long transmission lines to connect 
those distributed Cell grids as a part of 
large synchronous grid system.   

– The Digital Power Router can be used to 
connect these cell grids to comprise an 
asynchronously connected grid system. 

– Cell grids can contain a number of PVs 
and batteries  and  accommodate an 
identified energy source among them via 
the newly designed DPR. 
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Digital Grid will provide Solar Society 

Digital Grid can accept abundant solar energy, which can be called 
“Solar Society”, and provide human beings peace and wealth. 

http://upload.wikimedia.org/wikipedia/commons/d/de/Nellis_AFB_Solar_panels.jpg


19 © Socio-Strategic Engineering/Investment Labo. 

Digital Grid Image in Saudi Alabia 
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Bangladesh simulation 
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How to control power flow? 
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Digital Grid actively controls T&D 
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Principle of Voltage Source Converter 
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Computer Controlled Multi-Leg AC/DC converters with Internet 
communications 

Digital Grid RouterTM 
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Digital Grid Routing 
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Internet of Electricity 
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Ex.  CELLs: 125kV, 600MWor larger 
        Smaller CELLs:66kV, 30MW 
        Micro CELL: 6.6kV, 6MW 
        House: 240V/110V, 10kW 
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Japan patent: #4783453 
Several others incl. PCT are filed 
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Micro-Grid(MG) 

A Digital Power Router 

Energy Storage Device 

Distributed Generator 

Request 

Broad Casting of the power request Reply to the power request 
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First Stage of Power Request 
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Micro-Grid(MG) 

A Digital Power Router 
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Power Distribution Stage 

Multiple Path 
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Counter Flow of Power 
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Minimum Loss Transaction 

Multiple Path 
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Date  Start Stop From Buy To Sell Balance 

12, May,’99 02:15:40 08:17:20 Grid 
A9806 

2890kWh 10299kWh 

14,May,’99 03:07:10 08:55:56 Grid W962 7600kWh 3699kWh 

17,May,’99 18:40:12 23:40:12 Grid B547 3455kWh 7054kWh 

20,May,’99 10:20:32 16:35:44 Int. PV003 456kWh 7510kWh 

Transaction Record as Bank Book 

•Electricity Transaction will be recorded in DPR as bank book 
•Authorized organization to certify those record 
•Many features will be add such as CO2 credit, RPS value, Green value, etc  
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