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1
CHANGING	PARADIGM
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The	world	of	energy	is	transforming

Source: IRENA
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Our	4D	world

Transformation	
of	the	

Energy	System:
Electrification

Decarbonization

Digitization

Decentralization

DemocratizationDemocratization Digitization

Decarbonization

Decentralization
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Cost	of	solar
[$/Wp]
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Cost	of	energy
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Onshore	windSolar	PV

Location:
Bidder:
Signed:
Construction:
Price:

Morocco
Enel Green Power
January 2016
2018
US$ 3.0 c/kWh

Location:
Bidder:
Signed:
Construction:
Price:

Peru
Enel Green Power
February 2016
2017
US$ 4.8 c/kWh

2016	unsubsidised	clean	energy	world	records

Source:	Bloomberg	New	Energy	Finance;	
Images:	Siemens;	Wikimedia	Commons
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Source:	Bloomberg	New	Energy	Finance;	
Images:	Siemens;	Wikimedia	Commons

2016	unsubsidised	clean	energy	world	records

Location:
Bidder:
Signed:
Construction:
Price:

Morocco
Enel Green Power
January 2016
2018
US$ 3.0 c/kWh

Location:
Bidder:
Signed:
Construction:
Price:

Coahuila, Mexico
Enel Green Power
March 2016
2018
US$ 3.6 c/kWh

Onshore	windSolar	PV
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Location:
Bidder:
Signed:
Construction:
Price:

Morocco
Enel Green Power
January 2016
2018
US$ 3.0 c/kWh

Location:
Bidder:
Signed:
Construction: 
Price:

Dubai
Masdar Consortium
May 2016
2019
US$ 2.99 c/kWh

2016	unsubsidised	clean	energy	world	records

Source:	Bloomberg	New	Energy	Finance;	
Images:	Siemens;	Wikimedia	Commons

Onshore	windSolar	PV
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Location:
Bidder:
Signed:
Construction:
Price:

Morocco
Enel Green Power
January 2016
2018
US$ 3.0 c/kWh

Location:
Bidder:
Signed:
Construction: 
Price:

Chile
Solarpack Corporation
August 2016
2019
US$ 2.91 c/kWh

2016	unsubsidised	clean	energy	world	records

Source:	Bloomberg	New	Energy	Finance;	
Images:	Siemens;	Wikimedia	Commons

Onshore	windSolar	PV
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Location:
Bidder:
Signed:
Construction:
Price:

German North Sea
Dong
April 2017
2021-2025
US$ 5.2 c/kWh

Location:
Bidder:
Signed:
Construction: 
Price:

Dubai
Acwa Power
September 2017
2020
US$ 7.3 c/kWh

2017	unsubsidised	clean	energy	world	records

Source:	Bloomberg	New	Energy	Finance;	
Images:	Siemens;	Wikimedia	Commons

Offshore	windCSP
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Reducing	cost
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Moving to the majority in new 
capacity additions

Source: IRENA
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2
GROWTH	OF	RENEWABLES
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How	energy	technologies	grow

Nature, 2009
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Growth	into	materiality

Onshore wind

Solar PV
Offshore wind



Funded by

Exponential growth

• Imagine I give you a large piece of paper 
and ask you to fold it,

• then please fold it again,
• and again.
• A total of fifty times.
• How tall is the paper stack?
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Predictions	by	the	establishment…........
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3
Our	electricity	system
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Average daily summer spot price profile in 
Germany, 2010 and 2013 (EUR/MWh)
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Conventional Set-up

Generation
Transmission

Transformation
Distribution

Consumption

Integrated Utility Consumers

$
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Unbundling

Generation
Transmission

Transformation
Distribution

Consumption

Utility ConsumersUtility
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Privatization

Generation
Transmission

Transformation
Distribution

Consumption

Utilities ConsumersUtilities
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Democratization

Generation
Transmission

Transformation
Distribution

Consumption

Utilities ProsumersUtilities

$
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n incumbentsNot only winners
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4
Flexibility
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5D	world

Transformation	
of	the	

Energy	System:
Electrification

Decarbonization

Digitization

Decentralization

DemocratizationDemocratization

Decentralization

Digitization

Decarbonization Debaseloadization
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Flexibility	tools

1. Dispatchable	power
2. Demand	response
3. Storage
4. Interconnectivity
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5
Energy	Pathways:

Hydrogen
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Future	4D	energy	pathways

Electricity Hydrogen
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Main	4D	pathways

Electricity and	Hydrogen are	the	two	main	
energy	carrier	pathways	in	a	4D	world.	
Considerations:
• Ability	to	replace	fossil	fuels	in	transport
• Ease	of	transporting	over	longer	distances
• Versatility	of	role	in	the	economy:	transport,	buildings,	

chemistry
• Ability	to	use	as	storage	medium
• Cost
• Infrastructure
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6
The hydrogen case for the 

Northern Netherlands
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Offshore	Wind	Development	Germany
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Electricity	and Gas	Transport	Grid
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Hydrogen storage	in	salt caverns
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Green	hydrogen markets

Transport
Leeds	city	

gate	H21	

Electricity	BalancingChemical	Feedstock		

Heating

NUON	Magnum	power	plant

Ameland

duurzaam
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Delfzijl	chemical site	
Ammonia,	Methanol,	Hydrogen-Peroxide	production
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Hydrogen Pipelines	
Netherlands-Belgium-France
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160,000t 
1,000 MW electrolysis

100,000t 
1,000 MW biomass-gasification

10,000t 
100 solar-hydrogen areas

60,000t
300,000t methanol Delfzijl

20,000t
grid balancing + heating

100,000t 
Pipeline Delfzijl and Rotterdam, Limburg, 
Germany

12,000t 100,000 cars

10,000t 1,300 busses

5,000t 50 trains

3,000t other mobility

60,000t
300,000t ammonia Delfzijl

Hydrogen production 
270,000t

Hydrogen consumption 
270,000t

Green	Hydrogen Economy Northern Netherlands	2030
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Green	Hydrogen Economy Northern Netherlands	2030
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7
UAE: the car as power plant
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Our car: 100 year unchanged
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Our car: efficiency

And,	we	only	use	our	car	on	
average	1	hour	per	day,	

which	is	only	4%	of	the	time!
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• 5 million cars
• 100 billion km/year
• Requires 1 billion kg H2

• 141 GW of solar PV
• Electrolysers
• Land use less than 4%
• Costs $2/kg

• Driving is 50% cheaper
• Cost of electricity is 7ct/kWh,

which is the same as now

A low cost energy producer,
both fossil and solar

• 100 TWh/year
• 5% of the residential drinking water
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Thank	You


