Cost and value of wind power -
Implications of wind turbine design

Janos Hethey — Ea Energy Analyses

4th Workshop on Systems Engineering for Wind Energy,
RIS@
September 13, 2017 @ Ea Energianalyse



Agenda

* Trends in wind turbine technology and cost
* The importance of market integration
* QOutlook for the value of wind power
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Where are we today?

* Auction results can provide some insight in cost development
In recent years

Compare with caution due to wide range of ressource quality and regulation regimes
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Trends in Wind Turbine Technology

Improving onshore wind capacity factors

* Increasing capacity s
factors o

— Better rotor design -
— Larger rotors e e
— Higher hub heights - gy

Source: Bloomberg New Energy Finance
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Trends in turbine cost

e Future cost reductions of LCoE largely depend on ONSHORE
turbine design parameters (LAND-BASED)
e Optimal turbine choice depend on ressource quality seveizen.
. . cosT e 10% .
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Trends in turbine cost

e Future cost reductions of LCoE largely depend on

turbine design parameters

e Optimal turbine choice depend on ressource quality

and market integration

Investment cost onshore wind

1,6

150 m hub height
175 W/m?
Invest +50%

® LCoE-19%

1,4 3,5 MW
90 m hub height 125 m hub height
1,2 309 W/m 250 W/m?
> \ Invest +6%
1,0 LCoE -26%
S ——
) —
§ 0,8 100 m hub height
g 325 W/m?
0,6 Invest -15%
LCoE -22%
0,4
0,2
0,0
2015 2020 2025 2030

=@==Technology catalogue ==@==BAU

LCoE estimates for Northwestern Germany

6

Likely  ==@==Ambitious

Estimates for effect of
hub height and rotor
size are based on
extrapolation from
data from NREL
(specific power) and
Deutsche WindGuard
(hub height)

— More likely to over-
than underestimate
additional investment
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Market integration and the value of wind

Market value =

EUR/MWh

* Power prices vary
significantly
— By year and hour

Total wind revenues

Potential wind generation
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IEA Wind Task 26 WP4 — The value of wind*

e System analysis at a European level of
the value of wind in the power system

e Power system modelling using the
Balmorel model

Focus

Impact of onshore wind turbine design on:
«  System operation

* System cost s
* Market value of wind power ;

Scenarios for technology development

Specific power Hub height
(W/m2) (m)

BAU 325 100
Likely 250 125
Ambitious 175 150

*A. Dalla Riva, J. Hethey, and A. Vitina, “Impacts of Wind Turbine Technology on the System ‘
8 Value of Wind in Europe (forthcoming),” Copenhagen, 2017. Ea Energianalyse



Market value and price evolution

* The average wholesale electricity price is not very different across
scenarios

* The evolution of Market value is largely dependent on the technology
choice
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Levelized Cost of Energy

Result: Levelised Cost of Energy
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Sources: DEA Technology Catalogue, NREL, Deutsche WindGuard, Full load hours

System cost account for 11-22% Northern Southern
Technology Germany Germany

BAU 2.407 1.566

Likely 3.244 2.284

Ambitious 4.203 3.206
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Thank you

Janos Hethey
Mobile: (+45) 603 917 12
E-mail: jh@eaea.dk
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1220 Copenhagen
Denmark

www.eaea.dk

@ Ea Energianalyse


http://www.eaea.dk/

