
CEM POWER SYSTEM FLEXIBILITY

What is power system flexibility?

Power system flexibility - the ability to respond in a timely manner to variations in electricity supply and

demand- stands at the core of this transformation. Luckily,policy makers and industry leaders across the

globe are increasingly aware of the importance of flexibility and are taking action.

Why should Cem be expanded?

Expanding CEM to consider materials and manufacturing constraints will help to identify synergies as well as

points of potential conflict across sectors,while developing solutions to overcome supply bottlenecks that are

of crucial importance for many emerging technologies but are not considered in traditional CEM.

Do we need more flexibility in the energy transition?

Flexibility has become a common by-word for the energy transition. While everyone agrees that we need

more flexibilityin future power systems,views vary widely on how to achieve this,particularly to improve grid

integration and make maximum use of solar and wind potential.

Can power system flexibility be scaled up?

This report aims to inform policy makers on the options available to scale up power system flexibility. It

comes as part of a package, along with a FlexTool methodology for technical experts as well as four country

case studies on power system flexibility options based on application of the IRENA tool.

Are competitive wholesale electricity markets replacing centralized power system planning?

Competitive wholesale electricity markets are replacing or supplementing centralized power system planning

in many parts of the world. Traditional least-cost CEM does not attempt to replicate strategic behaviour in

such markets.

How can scenario-based stochastic problems improve Cem?

Modelling scenario-based stochastic problems can improve insights and help CEM correct the biases of

deterministic modelsthat fail to recognize the significant impact of forecast uncertainty upon the operations

and value of ES.
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We challenge the CEM power system initiatives to

facilitate staff exchanges and peer learning

opportunities between regulators, system operators,

policy makers, and utility staffs that a?|

This report summarises lessons learned in a recent

CEM collaboration on the nexus between EVs and

power systems. The project saw four workstreams

join forces: the International Smart Grid a?|

Moving forward, updating system flexibility policies

to match the pace of technological development can

help to accelerate global PST, while ensuring that

all classes of power system assets are able to

receive fair remuneration for the flexibility services

they are capable of providing.
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A high proportion of renewable energy sources

integrated into the grid will lead to an increase in the

peak-to-valley difference of loads in the system,

which increases the difficulty of matching between

sources and loads [8, 9].Therefore, how to

effectively balance the supply and demand of

sources and loads in the power system, give full

effect to the capacity of the various flexible 

need for flexibility in electricity systems In Part 1 of

this report has defined system flexibility as follows:

"Flexibility is the capability of a power system to

cope with the variability and uncertainty that VRE

generation introduces into the system in different

time scales, from the very short to the long term,

avoiding

In reality, power system flexibility needs and

solutions will look different across the globe and will

be determined by regional geography and power

system specifications. In Europe, efforts are

intensifying to enhance power system flexibility to

meet climate targets, while bolstering energy

security, and optimizing the efficiency of power 
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Power system flexibility is the fundamental factor

affecting RE curtailment, and studying a flexibility

quantitative evaluation method is crucial for RE

development. In this paper, the uncertainty causes

of main components in generation-grid-load-energy

storage are analyzed and corresponding multi-state

probabilistic models are built. Based on 

EU power system flexibility needs will double by

2030. Rapid deployment of flexibility is needed to

keep pace with growing renewables, expected to

rise to 66% of EU electricity by 2030. The growth in

wind and solar brings a pressing need to manage

system variability across different time scales. 03.

Increased deployment of variable renewable energy

(VRE) has posed significant challenges to ensure

reliable power system operations. As VRE

penetration increases beyond 80%, the power

system will require long duration energy storage and

flexibility. Detailed uncertainty analysis, identifying

challenges, and opportunities to provide sufficient

flexibility will a?|
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systems through vehicle electrification can result in

significant improvements in air quality and system

flexibility. Intelligent industrial and building energy

management increases efficiency and supports

advanced  Announced at CEM6, the new CEM

Power System Challenge will facilitate the transition

to the clean, reliable, resilient 

Assess system expansion, operation and costs.

Evaluate the most cost-effective mix of power

system assets at a point in the future. Identify

indicators that may highlight a lack of power system

flexibility (e.g. loss of load, energy curtailment,

transmission congestion, negative power prices)

and evaluate cost-effective measures to overcome

them.

Ongoing deployments of intermittent

non-synchronous power generators (i.e., wind

turbines and photovoltaics) challenge power

(electricity) system security in terms of matching

power generation and demand. Higher flexibility in

the future generation fleet and power demand are

likely to play an essential role in maintaining secure

operation of the power system. This a?|
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As power systems around the world transform,

power system flexibility has become a global

priority. A range of operational, policy and

investment-based interventions are available to

render modern systems more flexible, thereby

facilitating cleaner, and more reliable, more resilient,

and more affordable energy.

power system needs to transform to become more

resilient, flexible, and connected [1]. This document

addresses the power system's flexibility, a key

driver of which is the rapid and diverse deployment

of variable generation such as wind and solar.

Variable generation combined with future

uncertainty in fuel prices (primarily natural gas) for 

Massive proliferation of Variable Energy Resources

(VERs) in modern power systems has posed a

variety of challenges to the reliable operation of the

power grid and has, at times, jeopardized the

system flexibility. Flexibility is the system's ability to

respond to and cope with the imbalances between

supply and demand while managing the uncertainty

and variability of VERs and a?|
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Comprehending the spatiotemporal

complementarity of variable renewable energy

(VRE) sources and their supplemental ability to

meet electricity demand is a promising move

towards broadening their share in the power supply

mix without sacrificing either supply security or

overall cost efficiency of power system operation.

Increasing VRE share into the energy mix a?|

Rest of the paper is organized as follows (Fig. 1):

Concept, measures and sources of power system

flexibility, comparative analysis among various

flexibility metrics, and relation between flexibility and

NL are provided in Section 2.Section 3 covers

diverse areas related to FRPs: design components,

mathematical modelling, sources, integration in

system operation a?|

A power system can be defined as flexible if it can

within economic and technological boundaries

respond quickly and adequately to variations in

supply and demand. The ongoing penetration of

variable and intermittent renewable energy sources

(RES) like wind and solar imposes additional and

more critical requirement on power system flexibility.

In this a?|
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This paper presents the comprehensive assessment

of Power System Flexibility and to identify key

barriers to their deployment. The increased flexibility

is key for the reliable operation of future power

system with high penetration levels of variables

renewable energy sources (VRES). The power

system should deploy the most economic resources

for the provision of energy and a?|

In power systems, flexibility can be defined as the

ability to cope with variability and uncertainty in

generation and demand. The ongoing energy

transition is affecting how much flexibility is

required, but also who should provide it: some

existing solutions are being phased out, while new

solutions'' entire business models are based on

providing flexibility (e.g. storage or a?|

Power system flexibility is defined as "the ability of a

power system to reliably and cost-effectively

manage the variability and uncertainty of demand

and supply across all relevant timescales, from

ensuring instantaneous stability of the power system

to supporting long-term security of supply" 1,2.

Flexibility is already an important 
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variability in power system planning and operation is

of crucial signii!?cance. This paper represents a

comprehensive overview of power system i!?exibility

as an effective way to maintain the power balance

at every moment. Dei!?nitions of power system

i!?exibility from various aspects are explained to

reach the reliable and economic planning and

Power system operation continues to face the

challenge of maintaining power supply and demand

balance. This equilibrium is disturbed by three

different time range events: fast random

fluctuations, slow periodic fluctuations, and rare

mutations [].The combination of variable production

of renewable energies and demand-side fluctuation

leads to high a?|
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