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1. Largepotentialsin NL forrenewablesand other low-carbon energysupply

2. Partlyuncertain partly costly partly import-dependent

3. L (n@ anly potentialsand coststhat will shapeour 2050 energyeconomy
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1. Lowcarbon energy supply options:
potentials
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T h e rpeténsals and potentialsé
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Theoretical potential

solar irradiation, wind speeds, agricultural land,

A 4

roof surface areasé@

Technical potential

limitations and efficiencies of technologies

A

Realistic potential

space, planning, public acceptance,
market barriers

Competition
with
substitutes
e.g.

fossil + CCS,

nuclear

Prices per W,

$10

i $100
Realisable Lead times, growth
potential rates of technology
Economic - -

: I n
ootential policies and subsidies %

1 001011 19
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Global biomass potentials

Issue/effect Impact onbiomasspotentials

Improvementof agriculturalmanagement Frx o (\ "b‘Q

Fooddemandandhumandiet kK (‘a\

= 7l
AN

Useof degradedand Ce Q@
Competitionfor water \)(\ *x @
Perspectiveof aquatlc K\l *x M
Useof agrlculturd try b cts @
Expaqsil@ cte a’eas o Q@
Improvermentsn wateruseefficiency *x 1)
Climatechange *x Q@

Alternativeprotein chains * 1y}
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A NL share ofjlobalpotential? Allocationrule | Share for NL 203(

A Linkwith manyother policydomains  Per capita ~0,25%
¢ Agricultureg forestry, rural development Per TPES ~0,5%
¢ Legalkafeguardinglandrights
¢ Foodanddiet habits
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N

Biomass potentials for NL

&
L

Per GDP ~1%

Max: 800 P.

m Agriculture: wet
Agriculture: dry
] W Agriculture: crops
Min: 100 PJ
m Wood: Sawdust, demolition

m Wood: Forestry residues

m Wood: Additional productior

m Aquatic biomass
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Pessimistic  Optimistic Pessimistic  Optimistic

Potentialcapacity

(GW) ! ° o >
Potentialproduction 45 90 250 550
(PJ

Currentproduction 21 4

(2015, PJ)



Where would all this offshore Z ECN
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A Yielddensities now 6 GW/kn?
A Higheryieldspossibl&

A 1f yourealisemore offshore windslightlylower (wakeeffects)

A Currentlocations ~15 GW 4
¢ Borssele
¢ Hollandse kust
¢ IJmuidenver
¢ North from Wadden Sea ) : . R .

A Then areasfurtherthanda L WY dzA RSy | GS NE « =

A Then Doggersbank '

rrrrrrr /planned OWE
general exclusion

} / - I policy/growth exclusion
i‘ / vi 7ai I suitable for OWE

3 s T 1 excluding use
>4 ; S - i
< ” -~ 2 excluding uses
s wy
pa 3 excluding uses

I 4 excluding uses




Solar-PV potentials

80
GW

70 +
60 -
50 -
40 -
30 -

20 -

N B
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Capacity

m Ground-based

= Other buildings

m Facades

Household rooftops E-W

m Household rooftops S

250
PJ
200 -
150 -
100 -

50 -
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Production

X andof coursesomesolarthermal, ~50 PJ
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A Thedeeper the hotter
A Conventionabeothermal(heat): ~150 PJ

A (Ultradeepgeothermal(heat, power)severam n n Qa 2 F t W




Storage of heatand cold Z ECN
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A

A X not limited by the availability of buffercapacity
A Particularlyrelevant for services sectandnewly built dwellings

A Potential~50 PJ
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A Waveandtidal energy

A Blue energydsmosi}

A Hydro power water stream energy

A Noenormouspotentialsexpectedfor the Netherlands
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Total potentials of renewables

U
“—74

A PartlyrimaryQbiomass
A Partly$inalQ Y @&dlaygedthermal

Potential2050 (inal):
~1500 PJ

A Import from wind, solar?

® Biomass

_ Wind
Actual2015 final): = Solar

120 PJ
m Geothermal

® Heat storage, pumps
m Other




Other CO, mitigation options In Z ECN
the energy domain: CCS o
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A Relativelylargepotential in the Netherlands
A Dependenton manyfactorsstill

A Indication ~50Mton CQ/year

A Beware of energpenalties

Total GH@missions~200Mton/year

"vfm J o] .
m Low-T heat i =
Coal Beds A :
1 : \ Pipeline OCEAN
ngh'T heat k % :
H M k e \-“—-fvf‘

m Light, appliances T %

m Transport

m Agriculture

m Other beraionol
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2. What about costs?
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A Commercial projectosts
A Total systentosts(commercial)

A Nationalcosts

A e/kWh, €/PJ

A e/tonne CQ-eq




National costsof GHG mitigation Z ECN
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Renewableseverywhere ES e e

Elektrificatie/waterstof
b Hernieuwbare elektriciteit |

300 /

;
Nucleair /

200 /

SBiomassa + CCS

Energiebesparing

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Reductie, Mton CO2-eq Broeikasgassen
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What happened with offshore wind? £5% vsesi e
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A From ~1%ct/kWh to 5.5ect/kWh in three years!
A While in earlier years, cost reductions were very minor

A Innovation
¢ Technical, in synergy with scale
¢ Financial, etc.
A Socialisation
¢ Grid connection costs
¢ Technical exploration of sites
A Conjuncturakffects:
¢ Steel prices
¢ Recession in offshore fossil
¢ Strategidbehaviourand risk allocation

Specific cost (€(2010)/kwW)

10000

1000

100

Offshore wind

I Specific park costs

2008 Ir = 0%

= _ . *, R2=031

Ir=3%
R?=0.49

# Costs for projects with monopiles

Costs corrected for commodity price fluctuations

10 100 1000 10000
Cumulative capacity (MW)
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What happenedwith Solar-PV?

N
U

A Inthe Netherlandscompetitivenessbehindthe Y' S {i Bylg23
A Stronggrowth in sunnierplaces
A WiltingLJ2 A y U Q

100 149764
= A
% Crystalline Si PV
g module
s‘ 10 5
a
7
2
Q
Q2
g 1-
$ m=24.3%
5 H1 2014 /0
o Li-ion EV battery
T
pack
0.1 T T T T T T 1
1 10 100 1,000 10,000 100,000 1,000,000 10,000,000

Cumulative production (MW, MWh)
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3_ Why We WIII Certalnly nOt *UmvernteltUtrec t
have the least-cost mix of

supply options
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A We needthe right energy carriers, ahe right time andplace

Biomass X X
Wind X
Solar X
Geothermal X X

A Renewablgower intermittency sets newchallenges

A Andfor CCS, waeedlarge-scalepoint sources of CO
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Wil jij ook je eigen
energie opwekken?

Maar weet je niet waar je moet beginnen? Vraag gratis
Zonnepanelen voor dummies aan!

q \Irang) hier je gratic
DUMPAIE &?chpWr ?zm
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AcdEase2 T LJ2f A vl vangwidely y 3 €
A Aswill political opportunities

A ¢ K I dfa0taf life

L e

Lengthof supplychain

Numberof stakeholdes involved ) L J J ~ L
Synergiesvith other domains b J - J - L
Conflictswith other domains @ L L J ~ L
Numberof governmentalayers ) - ~ J ~ ~
Issuecomplexity information @ L N ] N L

asymmetry



Thanks for your attention!
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