( ( /) NEA <)

,,,,,,,,,,,,,,,,,,,,, OECD

Costeffective Decarbonisation:
System Costs Iin Energy Systems witl
High Shares of Nuclear and Renewable

Marco Comettoand Jan HorsKeppler

OECD/NEADIvision of Nuclear Technology Development and Economics

CEEM Conference at Dauphine University, Paris, 18 December 2018



(). Powersectoralmostcompletely (@,

Q‘” e decarbonised in the IEA 2DS OECD

Global electricity productionand technology shares ithe IEA 2DS
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AA completereconfigurationof the electricitygenerationsystemis neededby 2050

ARiseof nuclearis accompaniedby a complete phaseout of coal and oil, a drastic
decreaseof gas,developmentof CC&nda massivancreaseof renewableenergies

AColossalnvestmentsfor the electricity sector. 40trn USD+ 35in energyefficiency
AHowto mobilise suchlargeinvestmentsensuringeconomicefficiency?
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System effects are mainly due to some characteristics that are intrinsic to VRE.
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Wind does not always o : Sites distant from load
Difficult to predict :
blow and may be dispersed .
Profile costs Balangingceests Transmissiomand

distribution costs
w System effects areechnology and country-specific, and depend goenetration level

w Crucially important is theme horizon when assessing economical cost/benefits anc
Impacts on existing generators from introducing new capacity.

w The costs of gridevel system effects remain difficult to assess and cannokerstood
and quantified only by comparing two systems
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Objectives of modelling effort OEC
Main Region Neighbouring Region
(zone 1) (zone 2)

Interconnection
7.2 GW

(12% of average demand)
..................... i Reservoir hydro: 7.5 GW
Pump hydro: 8 GW

U Study the system costs of electricity systems with identical total demand and
carbon emission targein scenarios withlifferent shares of VRE and nuclear

o A CQemissions objective is fixed 80 g/kWhand the same for all scenario3his is
compatible with carbon emission requirements in IEA 2DS or 450 ppm scenarios

U Provide aealisticrepresentation of darge, well interconnectegower system.

o Itrepresent a large (continental scale), well interconnected system, with abundar
hydro resources (reservoir and pumped) and different regimes of VRE generatior

0 Use of actual data from 2015 (demand, realised production from hydro resources
real water inflows, observed VRE load factors

U Economic assumptions derived from tHeA/NEA 2015tudy on electricity generation cost
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Nuclear Energy Agency
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U SixMain scenariosvith different shares of VRE imposed exogenously intcstistem
includinga scenariowhichassess a situatioim presence of significammost reduction for
VREechnologies

Base casavith an imposedcarbon pricgleading tothe same carbommissions)

U Two sensitivity scenaridgelpto quantify the impact of having a isolated system, with
limited potential for exchange with neighbouring countries (ex. Japan, Korea

U Quantitative analysis performed wistate-of the art modelling tools by a group of
modellers from MIT
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10% Variable Renewables scenario 30% Variable Renewables scenario

|| [

” W ||\ i . Al

i b
| N| My L | 1Y "M\ ‘ Lk
- N Ll Il il i m "l

| R LR i r Um. H‘ |
’hm N I H\Hm il WMM WW ‘. r l‘nm‘ | M M MW m il W‘WIWI

| .

ﬁ_

1000 2000 | EH‘.) ‘ 000 5000 6000 7000 8000

CEEM Conference at Dauphine University, Paris, 18 December 2018 6



an‘" NEA Residual Load O?i?g

50% Variable Renewables scenario 75% Variable Renewables scenario
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Significant number of hours where VRE and fatal hydroelectric fully meet demand.

Residuatlemand is determined more by VRE production than bydigs@and and loses its
characteristics daily, weekly and seasonal patterns.

Frequency of occurrence of large positive and negative gradiecitsases

With high shares of VRE in the system, the electricity demand becomes increasingly mi
volatile, unpredictable and difficult to meet

=) More and more flexibilityis requiredfrom all components of electricity system.



Generation mix and production

Nuclear Energy Agency
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Decarbonisation Scenario Base Case 10% VRE 30% VRE 50% VRE 75% VRE

o Under a stringent carbon targetp un-abated coal is deployed

o Due to the carbon constraint, the generation share from fossil fuels is (almost)
constant, as well as that of leearbon sources (VRE & nuclear).

o Larger capacitynstalledis needed a¥RE targets increase.
HighVRE penetration requiraaore OCGTapacity, CCGdperating at lowLFE
o0 Batterystorage is deployednly athigh VRE penetratiolevels.

o
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thermal power plants
Nuclear CCGT
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Oy Flexibility requirements: @»
R A thermal power plants OECD

OCGT
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o With VRE deploymerll thermal plants are operated more flexibjyand undergo more
frequent cyclingand steeper ramping ratesespecially at VRE generation shares above 5(

0 Cycling of nuclear plants becomes important at 30% VRE penetration and is large at 5C

o Capacity of CCGT is almost constant isaharios, but theiload factor decreasemarkedly
with VRE penetration

o Alarge increase of OCGT capaagybserved at higher VRE generation share as they ha
balance the fluctuation in VRE production
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Main scenarios 50% VRE: sensitivity analysis
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o Curtailment of VRE starts to be noticeable at 50% penetration level and then
increases significantly.

0 Curtailmentof the marginal unit is much higher (0.6%, >18% and >36%).

o VREurtailmentis even higheif interconnectionsand flexiblehydroare not
available



