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e Flexibility needs — Flexibility is the power and
simple and system energy system’s ability to
approaches adapt to variability and

ling f uncertainty in demand and
* 'V'O‘?'? .mg uture generation, which occur on
flexibility adequacy | gifferent timescales.

e Wind/PV flexibility
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Flexibility needs — VG increase net
load variability
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Examples of flexibility needs: hourly,
daily, seasonal
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Different challenges as wind/PV
shares increase

Description

1 VRE capacity is not relevant at the all-system level

2 VRE capacity becomes noticeable to the system operator

Flexibility becomes relevant with greater swings in the su;ﬁﬁggemand balance

3
-ﬁ
c Structural surpluses emerge;
electrification of other sectors becomes relevant

Bridging seasonal deficit periods and supplying non-electricity applicaticris;
seasonal storage and synthetic fuels
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Flexibility need — temporal and *
spatial scales

Flexibility for Power Flexibility for Energy

System
level
'y
1
v

Flexibility for Transfer Capacity

Regional &
Local level

Flexibility for Voltage

Subsecond Second Minute Hour Day Years

https://www.iea-isgan.org/flexibility-in-future-power-systems/

PLUS from power systems to energy systems:
« Sector coupling — flexibilities from linking power and heat etc



https://www.iea-isgan.org/flexibility-in-future-power-systems/

Quantifying flexibilitv needs

Ofte n
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1. Short term variability: Ramping gesshowdze
2. Uncertainty: Operating reserves

3. Power and energy, as storage needs

Ramp = +100 MW

Online Flexibility
(Mw)

Duration (hr)

Mw

Time interval dependent flexibility

Mileage = 100 MW + 200 MW

Time

Additional flexibility from offline units
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Duration (hr)



Flexibility assessment - system 3

e Simple quantifications do not capture whole picture
— Many sources of flexibility inherent in a power system
— What is critically needed for variability and uncertainty?

e System optimization — both for capacity and operation — can
determine how the system copes with added variability and
uncertainty with flexibility

— Results seen as system costs, also the use of flexibility options
and their value

— If capacity/generation mix and transmission not optimized, then
may see scarcity of flexibility: not fulfilling reliability
requirements (operating reserves), increased/unnecessary
curtailment of VG

FlexTool for a simple system approach available at
https://www.irena.org/publications/2018/Nov/Power-system-flexibility-for-the-energy-transition



https://www.irena.org/publications/2018/Nov/Power-system-flexibility-for-the-energy-transition

Capturing flexibility needs and
sources in simulations

Needs: temporal/spatial resolution of VG

Input for Wind/PV: ortfol Input for other system data:

— Not to overestimate: Smoothing of et |7 e
variability  —— » A—
i i Capacity value

— Not to underestimate:
Uncertainty/forecast errors

Sources: capture characteristics e e R | =

| = Recommended route
1
_________ ! = —» Optional routes

- NOt tO underestimate: """E i — Do another iteration

Data analysis and output synthesis

e Sharing flexibility with neighbouring areas:

Conclusions about costs, reinforcement needs,

take into account interconnections, but sabiltyconstans, a el s otental
model the limitations

e Generation flexibility in future, also VG Recommended practices for
providing Wind/PV Integration Studies

RP16 Ed 2

https://community.ieawind.org/publications/rp

Collaboration btw IEA TCPs
— Not to overestimate, model all limitations, Wind and PVPS

technical and economical!

e Demand response, storages, energy sector
coupling



https://community.ieawind.org/publications/rp

Challenges in system simulation
to capture flexibility adequacy

e Data for costs, and technical High Flexibility in
limitations of flexibility options Supply side
— Hydro power river coupling Sy Jois options

constraints

— Demand response costs?
Rebound Low

Cost

\ 4

e Time scales are different and

b ri ng a CO m p | eXIty Low share of wind/PV High share of wind/PV

— Short term flexibility needs and Modelling enablers:

options require sub-hourly Transmission and operational
resolution e Reduction of variability
— Long term flexibility related to o

Benefits from using flexible

security of supply resources in neighboring countries

e Details cost computation time Smart grids/ digitalization

e |ocal flex resources, DR



Value of flexibility

e Short term: increasing AS payments: for frequency control,
but also new services like inertia and black start

e Medium term: paid through ability to pick the highest priced
energy-only-market hours: future markets see higher
(scarcity) prices more hours of the year

e Long term: capacity payments (and scarcity pricing)
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Flexibility sources are competin

Cost Benefit of Flexibility options: Case >40% wind/PV around Baltic sea

Dem. resp. :"“3
Battery 100 n
ryFlex - « Value of All less
PHP ] _tha.n sum of |
Trans unim. |nd|V|dua| OptIOnS
Trans Detail of simulation
Elec. boiler has impact on the
Heat stor. benefit estimated
Heat pump
EB+HP+HS
AII L L L L
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System benefit of flexibilities (GE/year)
m Balmorel = Balmorel & JMM LP © Balmorel & JMM MIP m

Kiviluoma, J., Rinne, E., & Helistd, N. (2018). Comparison of flexibility options to improve the value of
variable power generation. International Journal of Sustainable Energy, 37(8), 761-781.
https://doi.org/10.1080/14786451.2017.1357554



https://doi.org/10.1080/14786451.2017.1357554

Flexibility — grid support services
from wind and solar

e Asking for capabilities in grid codes, and paying for services of
system support if needed/used

— Texas: fast response of WPPs help
reduce the overaII need for Avg. Regulation-Up Requirements
automatically activated frequency
support services
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— California: responses from PV
better than conventional
generators
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— Spain: 14 GW wind compliance
. .- 300
tests. Wind prOVIdlng ~ 5 % of Jan-11 Jul-11 Feb-12 Aug-12Mar-130ct-13 Apr-14 Nov-14May-15Dec-15

d d in 2017 : :
ownwardreserves in Source: Julia Matevosjana, ERCOT

— Europe: Utilizing large numbers of
PV + storage systems in a VPP

Conﬁgu ration to provide f|EXIbI|Ity https://www.caiso.com/Documents/UsingRenewablesTo
and fast freq uency co ntrol OperateLow-CarbonGrid.pdf



https://www.caiso.com/Documents/UsingRenewablesTo%20OperateLow-CarbonGrid.pdf

IEA Wind Task 25: Design and operation of energy
systems with large amounts of variable generation
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Thank You!!

Hannele Holttinen =
Hannele.Holttinen@re
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The IEA Wind TCP agreement, also known as the Implementing Agreement for Co-operation in the Research,
Development, and Deployment of Wind Energy Systems, functions within a framework created by the International

Energy Agency (IEA). Views, findings, and publications of IEA Wind do not necessarily represent the views or
policies of the IEA Secretariat or of all its individual member countries.
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IEA Wind Task 41: Enabling Wind to Contribute to a

Distributed Energy Future

Progressing Distributed Wind Technology Design
Standards for Small- and Mid-Size Wind Turbines

Expand Learning and Support of the Integration
of Distributed Wind into Evolving Electricity

Systems

Innovation and Downscaling of Utility-Scale

Technology

Distributed Wind Data Information Catalog
Outreach and Collaboration with Other R&D
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Task 14: Solar PV in the 100% RES Power System

PVPS

» Operating and planning power systems with Solar PV
 Solar PV in the Smart Grid

« Comprehensive international studies and

experiences with PV grid integration.

 Global platform for exchange, outreach and collaboration

* Preparing the technical basis for Solar PV as major

supply in a 100% RES based electric power system
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Economic Distribution

Operation

Technical
Operation
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Sta .
on Y Static decentralized
Get Power Data energy
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forget way

16 Countries

European
commission

Broad expertise from
«  Utilities, DNOs
« Applied research
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Dissemination

«  Universities 2&@&
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https://iea-pvps.org/research-tasks/high-penetration-of-pv-systems-in-electricity-grids/contacts_t14/

Technology Collaboration Programme
by I2a
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Technology Collaboration Programme
by l2Q

“LJAY

Integrating short term operational constraints

Multi-model approach

TIMES

ated Energy Model

Dispatch Model
15 min — 1 hr temporal
power plant detail

Energy Systems Model
Low Carbon Roadmap
12 time slices

New Dispatch features in TIMES
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Figure 2: Operating stages of a thermal plant in the unit commitment problem.
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Collins, S., Deane, J.P., Poncelet, K., Panos, E., Pietzcker, R., Delarue, E., O Gallachdir, B.P., 2017. Integrating short term
variations of the power system into integrated energy system models: A methodological review. Ren & Sus En Rev76 839-856
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Extra slides for simple flexibility
assessment examples



1. Ramping needs

e (net-) load curve: expressed in
terms of power and energy — for
different time scales

e For one or multiple hour ramp
— Ramping: derivative of net load over
time
— Ramp acceleration: Double derivative
of net load over time. Volatility: Sum

of ramp accelerations over a certain
time period [1]

e Day/week/annual, important for
high VG shares

Mw

Ramp = +100 MW

>rob.
Prob.
‘'ob.

'rob.

Mileage = 100 MW + 200 MW rob.

Normalised flexible power requirement

Time

-60000 —
0 —

Ramn NDuratinn

Total Mileage

Total Energy

As % of how much ramping to serve a MWh of log
E Lannoye: Finding the Limits to Flexibility. WIW18 Stockho!

Time horizon | | Annual requirement D

2017

T
situa

tion

Ampere scenario 2036

[1] Deetjen T A et al The impacts of wind and solar on grid flexibility requirements in the electric reliability council of Texas. Energy 123 (2017)
Heggarty T. et al Multi-temporal assessment of power system flexibility requirement. Applied Energy 238 (2019) 1327-1336
M Milligan et al. Advancing System Flexibility for High Penetration Renewable Integration

https://www.nrel.gov/docs/fy160sti/64864.pdf
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1. Flexibility adequacy
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2. Operating reserve requireme

e Flexibility during operating hour — allocating reserves

— forecast errors determine the need for operating reserve — combining
uncertainty from load, wind, solar and generation

PDD of load

PDD of generator outages

PDD of wind power

forecast errors

recursive convolution

l

PDD of power deficits and surpius

...................................................

| LOLP = 00025 %

...................................................

****************************************************

Source: Fraunhofer IWES
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3. Power and energy

e Curtailed (surplus) VG energy one measure of flex needs
e Fill in surplus and scarcity of power and energy

e QOptimise a storage portfolio for different “remaining load
profiles” = load minus VG and conventional generation

Storage Percentage of
Duration (x) Demand Met
Not stored 83.01% B

Month—Year 0.00% [l
Week —Month 0.29%

Storage energy

capacity ] =2 Day-Week  7.82% ([l
requirementis 2 1 Hour=Week: ) .20 D
much more :
affected than the .E 09 i : Oxford PhD R Nayak-Luke
power capacity  Sos Weak = Monh] 438
requirement & | b | TS

" 08 oa” S g 08

0.7 )

04 03 02 g0 O 02 ™™ Fraction of Energy Provided

RE Penetration [Fraction of Energy Provided by Renewables] Met by Wind




