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Key messages

1. Large potentialsin NL for renewablesandother low-carbon energy supply

2. Partlyuncertain, partly costly, partly import-dependent

3. LǘΩǎ not onlypotentialsandcoststhat will shapeour 2050 energy economy



1. Low-carbon energy supply options: 

potentials



Thereôspotentials and potentialsé

Theoretical potential solar irradiation, wind speeds, agricultural land,

roof surface areasé

Technical potential limitations and efficiencies of technologies

Realistic potential space, planning, public acceptance,

market barriers
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Global biomass potentials

Issue/effect Importance Impact on biomasspotentials

Improvementof agriculturalmanagement *** ҧҨ

Food demandandhuman diet *** ҧҨ

Useof degradedland *** ҧҨ

Competitionfor water *** Ҩ

Perspectiveof aquaticbiomass *** ҧ

Useof agriculture/ forestryby-products ** ҧҨ

Expansionof protectedareas ** Ҩ

Improvementsin water useefficiency ** ҧ

Climatechange ** ҧҨ

Alternativeprotein chains ** ҧ



Biomass potentials for NL

ÅNL share of globalpotential? 

ÅLink with manyother policy domains
ςAgriculture, forestry, rural development

ςLegal safeguarding, land rights

ςFood anddiet habits

Agriculture: wet

Agriculture: dry

Agriculture: crops

Wood: Sawdust, demolition

Wood: Forestry residues

Wood: Additional production

Aquatic biomass

Allocationrule Share for NL 2030

Per capita ~0,25%

Per TPES ~0,5%

Per GDP ~1%

Min: 100 PJ

Max: 800 PJ



Wind potentials

On-shore Offshore

Pessimistic Optimistic Pessimistic Optimistic

Potentialcapacity
(GW)

7 9 18 35

Potentialproduction
(PJ

45 90 250 550

Currentproduction
(2015, PJ)

21 4



Where would all this offshore 

wind potential be? 

ÅYielddensities: now 6 GW/km2

ÅHigheryieldspossible? 

ÅIf yourealisemore offshore wind, slightlylower (wake effects)

ÅCurrentlocations: ~15 GW 
ςBorssele, 

ςHollandse kust

ς IJmuiden ver 

ςNorth from Wadden Sea

ÅThen: areasfurther thanάLWƳǳƛŘŜƴ ǾŜǊέ

ÅThen: Doggersbank



Solar-PV potentials

Χ andof course somesolarthermal, ~50 PJ
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Geothermal

ÅThe deeper, the hotter

ÅConventionalgeothermal(heat): ~150 PJ

Å(Ultra)deepgeothermal(heat, power) severalмллΩǎ ƻŦ tW



Storage of heat and cold

(WKO-WP)

ÅΧ not limited by the availability of buffer capacityΧ 

ÅParticularlyrelevant for services sector andnewlybuilt dwellings

ÅPotential~50 PJ



The renewable dark horsesé

ÅWave andtidal energy

ÅBlue energy (osmosis)

ÅHydro power water stream energy

ĄNo enormouspotentialsexpectedfor the Netherlands



Total potentials of renewables

ÅPartlyΨprimaryΩΥ biomass

ÅPartlyΨfinalΩΥ ǿƛƴŘΣ solar, geothermal

ÅImport from wind, solar?

Biomass

Wind

Solar

Geothermal

Heat storage, pumps

Other

Actual2015 (final): 
120 PJ

Potential2050 (final): 
~1500 PJ



Other CO2 mitigation options in 

the energy domain: CCS

ÅRelativelylarge potential in the Netherlands

ÅDependenton manyfactors still

ÅIndication: ~50 Mton CO2/year

ÅBeware of energy penalties

Low-T heat

High-T heat

Light, appliances

Transport

Agriculture

Other

Total GHG emissions: ~200 Mton/year



2. What about costs? 



Thereôscostsandthereôscostsé

ÅCommercial project costs

ÅTotal system costs(commercial)

ÅNational costs

Åϵ/kWh, ϵ/PJ

Åϵ/ tonne CO2-eq



National costsof GHG mitigation : 

Renewableseverywhere



What happened with offshore wind?

ÅFrom ~15 ϵct/kWh to 5.5 ϵct/kWh in three years! 

ÅWhile in earlier years, cost reductions were very minor

ÅInnovation
ςTechnical, in synergy with scale

ςFinancial, etc. 

ÅSocialisation:
ςGrid connection costs

ςTechnical exploration of sites

ÅConjuncturaleffects:
ςSteel prices

ςRecession in offshore fossil

ςStrategic behaviourand risk allocation



What happened with Solar-PV?

ÅIn the Netherlands, competitivenessΨbehindtheƳŜǘŜǊΩ by 2013

ÅStrong growth in sunnierplaces

ÅΨTiltingǇƻƛƴǘΩ



3. Why we will certainly not

have the least-cost mix of 

supply options 



Itôs the energy system, stupid ! 

ÅWe needthe right energy carriers, at the right time andplace

ÅRenewablepower intermittencysets new challenges

ÅAndfor CCS, we needlarge-scalepoint sources of CO2

9ƭŜŎǘǊƛŎƛǘȅ ҧIŜŀǘ ҧGaseousfuelsҨ Liquid fuelsҨ

Biomass X X X X

Wind X

Solar X

Geothermal x X



Itôs public perception, stupid !



Itôs instrumentability , stupid ! 

ΨtƻƭƛŎȅ easeΩ Bio Wind Solar Geoth CCS

Lengthof supplychain Ҩ L J J ~ L

Numberof stakeholders involved Ҩ L J J ~ L

Synergieswith other domains ҧ J ~ J ~ L

Conflictswith other domains Ҩ L L J ~ L

Numberof governmentallayers Ҩ ~ ~ J ~ ~

Issue complexity, information 
asymmetry

Ҩ L ~ J ~ L

ÅάEaseƻŦ ǇƻƭƛŎȅ ƳŀƪƛƴƎέ will varywidely

ÅAs will politicalopportunities

Å¢ƘŀǘΩǎa fact of life
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