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Seaborgôs Erehwon Machine

ÅA machine that operates on natural, self-
renewing sources to generate power with 
100% efficiency

ÅExactly matches fluctuating demand 
through anticipation

ÅDistributes services equitably

ÅNegligible environmental impact

ÅShows profit and contributes favorably to 
international balance of payments

ÅñErewhonò is ñNowhereò spelled backwards

ÅA utopian machine

Glen Seaborg

Seaborg, G.T., ñThe Erewhon Machine: Possibilities for Reconciling Goals by Way of New Technology, in 

Energy, Economic Growth, and the Environment, S. H. Schurr, Ed., The John Hopkins University Press, Baltimore, 1972
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Erehwon and Semantic Distortions

ÅConfusing relations with predicates is at the 
heart of many misunderstandings, for example:
ïñEnergy is nuclearò

Åñnuclearò is a predicate

ïñEnergy is greenò

Åñgreenò is a relation between the world and an observer

ïñGreenò is not a property residing within things, but a 
subject-object relation

ÅWe are flooded with his kind of semantic 
distortions which lead to Erewhon Machines

p = x  is  A
Syntactic Operator

?
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Global Energy Realities

ÅWorld demand for energy exceeds 210 million 
barrels of oil equivalent (boe) per day 

(7.5 boe ~ 1 mtoe - metric ton of oil equivalent).

ÅWorld oil demand ~ 85 million barrels of oil per 
day (MM bpd)

ÅAggregate world supply  ~85+  million barrels of 
oil per day (MM bpd)

ÅInternational markets allocate resources by price
ïNeed ~5% excess capacity for a stable market

ïMarkets have difficulties directing capital towards 
infrastructural investments

ïAre we witnessing the beginning of a series of oil-
induced market crises?



ISSNP 2008

Oil Consumption Per Capita

USA:  ~25 barrels/year per capita

Japan/S. Korea: ~15 barrels/year per capita

China: ~1.7 barrels/year per capita

India: ~0.7 barrels/year per capita

2003
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Global Energy Growth

ÅNearly seven billion people with modern desires

ÅGrowth in energy demand has great margins for 
growth
ï12% of the world uses 54% of all energy

ï33% of the world still has no access to modern energy

ïThe other 45% uses 1/4 of the energy consumed by 
remaining 12% 

ÅEnergy use by worldôs richest 12%
ïU.S.: 65 boe energy per person

ïJapan: 32 boe energy per person

ïU.K.: 30 boe energy per person

ïGermany: 32 boe energy per person
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2005: Peak in Global Oil Production? 

Peak by 2005-07: 85 mm bpd

By 2020:                50 mm bpd

Bakhtiari, S. A-M. World Oil 

Production Capacity Model 

Suggests Output Peak by 2006-

07 , Oil and Gas Journal (OGJ), 

May 2004 
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~70% of Remaining Reserves
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Sustainability Climate

Change

Utopia vs Dystopia

Resource 

Constraints
Energy

Availability
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Doing More with Less

ÅConservation may be our greatest new energy 
discovery in the near future

ÅSmart energy can facilitate further convergence of 
IT, power, and, transportation infrastructures

ÅSmart energy can facilitate integrated utilization of 
new energy carriers 
ïH2, Alcohols, Biofuels

ÅCan harvest energy usually wasted

ÅAmbient energy MEMS
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Intelligent Systems

Anticipation and Orthogenesis

Å Anticipation governs system performance over the short 
term (tactical) [Rosen, 1985]

Å Orthogenesis governs system development over the life 
span (strategic) [Crain, 2000]. Orthogenesis controls 
development towards

Increasing differentiation of systems that initially fused in a global 
system

Systems that are more differentiated emerge over time which become 
more distinct yet develop to be more integrated 

The more advanced systems (more differentiated, specified and 
internally integrated) hierarchically regulate the less developed 
systems

Å Through anticipation and orthogenesis we can build-in 
ñintentionalityò [Freeman, 2000]

intentionality = unity  + wholeness + purpose

Crain, W, Theories of Development: Concepts and Applications, 4th Edition, Prentice Hall, 2000

Rosen, R., Anticipatory Systems, Prentice Hall, 1985

Freeman, W.J., How Brains Make Up Their Minds, Columbia University Press, New York, 2000
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Energy + Intelligent Systems

ÅSmart Energy = Energy + Intelligent Systems

ÅSmart energy extends throughout the electricity 

value chain

ïSmart Generation

ïSmart Grid

ïSmart Loads (End Use)
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Current Smart Energy Distribution 

Management Systems

Å Advanced 
Metering 
Infrastructure 

Å Supervisory 
Control and Data 
Acquisition 
(SCADA)

Å Capacitor Bank 
Control

Source:  HPôs, Smart Energy Distribution Management Systems, 2005

HPôs Utility Integration Hub for 

real-time service integration

Singapore:

Smart Energy Vending



ISSNP 2008

Power Grid

ÅSecure and reliable energy delivery becomes a 
pressing challenge
ïIncreasing demands with higher quality of service

ïDeclining resources

ÅThe North American electric power grid is operating 
under narrower safety margins
ïMore potential for blackouts/brownouts

ïEfficient and effective management strategy needed

ÅCurrent energy delivery infrastructure is a super 
complex system (more evolved than designed)
ïLack of accurate and manageable models

ïUnpredictable and unstable dynamics

ÅCan we build an inherently stable energy network for 
future generations?
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Smart Grids

ÅSmart grids is an advanced concept
ïDetect and correct incipient problems at their very early 

stage

ïReceive and respond broader range of information

ïPossess rapid recovery capability

ïAdapt to changes and reconfiguring accordingly

ïBuild in reliability and security from design

ïProvide operators advanced visualization aids

ÅMost of these features can be found in the Information 
Internet
ïThe Internet is also a super complex system

ïIt is remarkably stable

ÅCan we find an Internet type of network for energy 
systems?
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An Energy Internet

ÅBenefits of an Energy Internet

ïReliability
ÅSelf configuration and self healing

ïFlexibility and efficiency
ÅCustomers can choose the service package that fits 

their budget and preferences

ÅService providers can create more profits through real-
time interactions with customers

ÅMarketers or brokers can collect more information to 
plan more user-oriented marketing strategies

ÅThe regulation agency can operate to its maximal 
capacity by focusing effectively on regulating issues 

ïTransparency
ÅAll energy users are stakeholders in the Energy 

Internet
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Storage and Buffer

} Internet adopts a set of 
protocols to resolve 
conflicts caused by the 
competitions over 
limited resources 
(bandwidth)

}What make these 
protocols feasible is the 
assumption that 
information transmitted 
over the network can 
be 

.

Buffered Network
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Energy Storage

ÅSimilar protocols could be developed for the power 

grid in order to 

ïResolve conflicts due to the competitions over 

resources and

ïIdentify and contain problems locally

IF electricity can be stored in the grid(!)

ÅUnfortunately, large scale storage of electricity is 

technologically and economically not feasible

ÅSolution:  a virtual buffer

ïElectricity can be virtually stored if enough information 

is gathered and utilized
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Virtual Buffer: Concepts

ÅAssume predictability of demand 

ÅBased on demand forecast, the desired amount of electricity is 

ordered (by an intelligent agent on behalf of the customer) ahead of 

time

ÅThe supplier receives orders and accepts them only if all constraints 

are met. Otherwise, new (higher) price may be issued to discourage 

customers (devices) from consuming too much electricity

ÅPrice elasticity is used by the supplier to determine the amount of 

adjustment on price

ÅOnce the order is accepted, from a customer's point of view, 

electricity has been virtually generated and stored

�‡Consume�‡Schedule�‡Predict Time

Period when electricity is 
virtually stored


