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Explosion of energy needs

A.J. Berkhout



The Big Picture
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Energy Consumption

• Average worldwide energy use per capita in one second:  2.2 kW*
Average worldwide energy use per capita in one hour:      2.2 kWh
Average worldwide energy use per capita in one day: 53  kWh

* In China this figure is about 2, in Europe it is 6 and in the US it is more than 11
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Energy Consumption

• Average worldwide energy use per capita in one second:  2.2 kW
Average worldwide energy use per capita in one hour:      2.2 kWh
Average worldwide energy use per capita in one day: 53  kWh

• Every second we use worldwide:
(2.2 x 103) x (6.7 x 109) = 15 terawatt

• If we aim at 5 kW per capita (increased prosperity in emerging 
economies) and we assume that the world population will increase to 
10. 109 (improved life expectance in developing countries), then we need 
every moment:

(5 x 103) x (10 x 109) = 50 terawatt
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Energy Consumption

• Average worldwide energy use per capita in one second:  2.2 kW
Average worldwide energy use per capita in one hour:      2.2 kWh
Average worldwide energy use per capita in one day: 53  kWh

• Every second we use worldwide:
(2.2 x 103) x (6.7 x 109) = 15 terawatt

• If we aim at 5 kW per capita (increased prosperity in emerging 
economies) and we assume that the world population will increase to 
10. 109 (improved health in developing countries), then we need every 
second:

(5 x 103) x (10 x 109) = 50 terawatt

• Worst case scenario: 6 x 10 = 60 terawatt (factor 4)
Best case scenario   : 4 x   9 = 36 terawatt (factor 2.4)
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Explosion of Energy Consumption

NL

Within the red contour we 

find almost 5 billion people

1
2

3
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Part II:

Energy and poverty

A.J. Berkhout



Planet Earth: five global clusters

- The world’s population can be subdivided into five different 
categories of nations, leading to five global clusters with 
distinctly different poverty ratios
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Looking inside each cluster of nationsGroup 5

Group 4

Group 3 Group 2 Group 1

Berkhout / van den Noort
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Planet Earth consists of five socio-economic regimes

very rich: $120

very poor: $1.1



Important Observations

• For a decrease in global poverty, the GDP/cap must increase: 
economic development programme
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Important Observations

• For a decrease in global poverty, the GDP/cap must increase: 
economic development programme

• The GDP/cap increases linearly with the labor productivity 
(GDP/Lhr): tools and skills 
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Important Observations

• For a decrease in global poverty, the GDP/cap must increase: 
economic development programme

• The GDP/cap increases linearly with the labor productivity 
(GDP/Lhr): technology and skills 

• The labour productivity increases exponentially with the 
energy consumption (kWh/cap): advanced technology needs 
energy



Forecasting World Poverty: snapshot shows transition path!
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Integrated transition path

- demography

- poverty ratio

- social stability

- economic growth

- energy need etc.



Using the rate of change of each cluster along

the GPR-curve, the total energy demand can be 

forecasted in an integrated socio-economic manner



Conclusion: five global clusters

- The world’s population can be subdivided into five different 
categories of nations, leading to five global clusters with 
distinctly different socio-economic regimes



Solution to poverty: access to energy

- The world’s population can be subdivided into five different 
categories of nations, leading to five global clusters with 
distinctly different socio-economic regimes

- The world’s poverty decreases with increasing energy 
consumption according to an exponential law, making access to 
energy a vital component in the solution of the poverty 
problem



Success: more energy consumption

- The world’s population can be subdivided into five different 
categories of nations, leading to five global clusters with 
distinctly different socio-economic regimes

- The world’s poverty decreases with increasing energy 
consumption according to an exponential law, making access to 
energy a vital component in the solution of the poverty 
problem

- Growth of the world energy consumption is accelerated by

success of the UN poverty programme
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Energy and Environment

A.J. Berkhout



System Presentation of the Energy Economy

GDP 
k$

kW

kW

kton

kton

N
 N

or

GDP  Pe Qe  Fe  N

A.J. Berkhout

Pe Qe Fe
GDP N
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Visualizing the transition path:

Rate of change: dGi (t)

dt
for i  1,2,3,4,5



Traditional Economic Growth

G t 
G t 


Pe t 
Pe t 


Qe t 
Qe t 


Fe t 
Fe t 

• Raise energy productivity   (∆Pe > 0)

• Increase amount of energy per emitted kton (∆Qe > 0)

• Accept increase in footprint (∆Fe > 0)

A lot of detailed information of each cluster is available; 

the model brings it together

A.J. Berkhout

G = GDP/N



Sustainable Economic Growth: ‘Green GDP’

G t 
G t 


Pe t 
Pe t 


Qe t 
Qe t 


Fe t 
Fe t 

A.J. Berkhout

G = GDP/N

Energy transition: 

decrease footprint (∆Fe < 0) 

with the constraint that (∆G > 0)



time

consumer behavior:

less emission per capita 

clean substitution:

more useful energy per emitted kton

energy productivity:

more economic value per generated kWhln Pe

ln Qe

ln Fe

ln G

Increasing Prosperity ánd Decreasing the Footprint
(optimized for each socio-economic regime) 

A.J. Berkhout

$$$



Part IV:

More to come ………
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time

blended

value

transition

path

Vision Building 

•Multi-value targets

•Flexible transition paths

•Self-organized workflows

A.J. Berkhout

current situation

image of the

future



Green Energy for everybody at affordable prices

Multi-value target for the energy industry:



Connect the energy transition path 
with the poverty transition path

A.J. Berkhout

There is more to come ………..



Connect the energy transition path with 
the environmental transition path
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There is more to come ………..
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build 

GPR-scenarios
focus on

multi-value targets

optimize the

energy mixes
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