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Variable Renewable Energy
Technical Characteristics
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Wind turbine (solar PV) generation technology — non synchronous
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Adding non-synchronous generation °
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Frequency stability & the nadir
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Wind Installed in Republic of Ireland
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Synchronous systems in Europe

Scandanavia

Baltic

lreland &
Northern
Ireland




Targets for non-synchronous sources in European Systems
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http://www.eirgrid.com/operations/ds3/

* Based on analysis of National Renewable Action Plans (NREAPs) as submitted by Member States



System Non-Synchronous Penetration (SNSP)
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SNSP - Ireland - Early 2015
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Impact of SNSP on Wind Curtallment
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Curtailment is form of
flexibility — can the markets
get the balance right ?

In ERCOT they used 2 %



Mainland Europe & US
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Europe’s New Grid: Innovative
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Integration Study Phase 3 -
Frequency Response and
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NREL Technical Monitor: Kara Clark

IN THE FUTURE A GROWING AMOUNT OF POWER
electronics will lead o a transition of the power system to a struc-
ture with very low synchronous generation. Due to large transit
power flows and uncertaintics, transmission systems are being
operated under increasingly stressed conditions and are close
to their stability limits. Together with the integration of large
amounts of renewable gencration with power clectronic inter-
faces and the addition of high-voltage direct current (HVdc) links
into the power system, these challenges will necessitate a review
of the ion and control of issi This arti-
cle will demonstrate the need for R&D performed by network
operators and explain a set of challenges, focusing on three main
arcas: transmission grid operation in @ new power system envi-
ronment. the need to increase overhead line (OHL) utilization,
and the impact of reduced inertia on power system frequency.

Link to Executive Summary

By Wilhelm Winter,
Katherine Elkington,
Gabriel Bareux,

and Jan Kostevc

Transmission Grid Operation in
a New Power System Environment
The tools currently in use by transmission system operators (TSOs)

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency &
Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.
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http://www.nrel.qov/docs/fyitosti/62906.pdf
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for operational planning and system operation must evolye sig-
nificantly to work in an environment characterized by large-scale
integration of renewable energy sources with low predictability and
limited controllability as well as one that is close to its stability lim-
its. The insertion of new equipment such as phase shifiers and HVde

lines and the ofani Scity mar-
ket with huge power flows over large distances will bang further
These are bat the

European Wind Integration Study (EWIS) project, finalized in 2010

1540-7977/15020151EEE january/february 2015
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Future > 75 % SNSP

THE FRAMEWORK PROGRAMME FOR RESEARCH AND INNOVATION
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Synchronization of Parallel Single-Phase Inverters
With Virtual Oscillator Control

Brian B. Johnson, Member; IEEE, Sairaj V. Dhople, Member; IEEE, Abdullah O. Hamadeh,
and Philip T. Krein, Fellow, IEEE



Markets for Inertial Response ?
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Fig. 10. Prices for energy and synchronous iertia for 50% wind penetration
system with all other PFR constraints eliminated. Prices are in ($/MVAs-h) for
mertia and ($/MW-h) for energy.

Ela, E., Gevorgian, V, Tuohy, A., Kirby, Milligan, M. and O’Malley, M.J. “"Market Designs for the Primary Frequency Response Ancillary
Service— Part I: Motivation and Design”, IEEE Transactions on Power Systems, Vol. 29, pp.421- 431, 2014.

Ela, E., Gevorgian, V, Tuohy, A., Kirby, Milligan, M. and O’Malley, M.J. “"Market Designs for the Primary Frequency Response Ancillary
Service— Part II: Case Studies”, IEEE Transactions on Power Systems, Vol. 29, pp. 432- 440, 2014,



Not a new idea
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Key Take Aways

o Variable renewable energy
(VRE) technologies are
non synchronous

[ only had enough room to

go up bo 2012, Ha! That'll

freak comebody
outy Someday,

o At high penetrations of
VRE may lead to a
fundamental change in
electricity system

o Should we

2 Introduce an “inertia” market
NnoOwW

2 Should we future proof the
market designs ?



Variable Renewable Energy
Resource Characteristics




With Variable Renewables More Flexibility is Needed
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Paying for something you cannot quantify: Flexibility Metrics
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Lannoye, E., Flynn, D. and O'Malley, M.J. "Transmission, variable generation and power system
flexibility”, IEEE Transactions on Power Systems, Vol. 30, pp. 57 — 64, 2014.
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Power Systems, Vol. 27, pp. 922 — 931, 2012.






Can Thermal Power Plant Skip ?

Table 3.2: The load following ability of dispatchable power plants in comparison

. Maximal change in Maximum ramp rate

Open cycle gas turbine (OCGT) 10-20 min 20-30% 20%/min
Combined cycle gas turbine (CCGT) 30-60 min 10-20% 5-10%/min
Coal plant 1-10 hours 5-10% 1-5%/min
MNuclear power plant 2 hours - 2 days up to 5% 1-5%/min

Source: EC JRC, 2010 and NEA, 2011a.

NEA 2012 “Nuclear Energy and Renewables: System Effects in Low-carbon Electricity Systems” Nuclear Energy Agency ISBN 978-92-64-18851-8



The Role of Gas in Ireland

Y Al-Island Fuel Mix Time Series 2014V
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D83 P r O g ram m e (Delivering a Secure Sustainable Electricity System (DS3))
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System services: Incentivising the
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DSM — A New Service Provider...
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100 % Wind we will have to change how we live
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Key Take Aways
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Flexibility is a competitive field
How do you measure flexibility
Flexibility is both physical and institutional

Good market design that considers the physics
enables flexibility

Transmission is the great enabler of flexibility

Curtailment is form of flexibility — how to get the
balance right

Thermal power plant are flexible and can be made
even more flexible

Large penetrations of variable renewables may
alter how we use energy



Conclusions

0 The nonsynchronous nature of future system could be a game
changer technologically — what about the market ?

o Flexibility comes in many shapes and forms — all need to
compete
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IEA Wind Task 25

Design and operation of
power systems with large
amounts of wind power

Integration of Renewable
Energy into Present and
Future Energy Systems

Holttinen, H, et al., “"Design and operation of power systems with large amounts of
wind power. Final summary report, IEAWIND Task 25, Phase two 2009—2011, 2013.
http://www.vtt.fi/inf/pdfftechnology/2012/T75.pdf
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