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1. INTRODUCTION

1.1 Role of demand flexibility in power systems



1.2 Electricity market architecture



unbundled approach,

An integrated approach

.



1.3 Goal and scope

What is the optimal way to integrate

demand flexibility into electricity markets?

o
o
o
o







2. DEMAND FLEXIBILITY IN ENERGY SYSTEMS

2.1 Sources of flexibility in energy systems

Flexible generation

Energy storage



Power and thermal sector coupling

Network interconnection



2.2 Definition of demand flexibility, demand response and demand side

management

Demand flexibility

.

changing the electric load

Demand response (DR)

‘DR is changes in electric usage by end use customers from their normal consumption

patterns in response to changes in the price of electricity over time, or to incentive payments

designed to induce lower electricity use at times of high wholesale market prices or when

system reliability is jeopardized.

Demand side management (DSM) can

influence the time pattern or/and amount of electricity demand



2.3 Classification of demand response

explicit

implicit

Explicit (incentive based)

Implicit (price based)

autonomous

.



firm non firm

Firm

Non firm

direct

indirect



Direct load management Indirect load management

Manual demand response

Semi automated demand response

Fully automated demand response



Industrial demand

response

Distributed demand response

2.4 Demand flexibility in different markets



Market
Main goal of using

demand flexibility
Direct load control Indirect load control

Wholesale

electricity market

AS market for

transmission

system operator

(TSO)

Autonomous DR
National capacity markets



ASmarket for

distribution

system operator

(DSO)

Services for

balance

responsible party

(BRP)

Controlled islanding
Network restoration and redundancy (n 1) support

CPP, variable and dynamic

Time of use

Day ahead and intraday portfolio optimization



2.5 Cost and price of demand response







3. METHODOLOGY

3.1General aspects of using modelling in demand flexibility studies

Optimization models

Simulation models

. Econometric

(techno econometric) models



1. Disaggregated electricity demand

2. The possibility to include different markets

3. The possibility to include sectors other than electricity



4. Hourly time resolution

5. Technical properties of demand response.

3.2Power systemmodelling for studying the benefits of demand response



3.3GAMS as a tool to simulate market participation of demand flexibility providers



3.4Energy systemmodelling for demand response potential assessment





4. RESULTS AND DISCUSSION

4.1 System wide impacts of demand flexibility



4.2 Market design for optimal use of demand flexibility





4.3 Participation of aggregateddemand flexibility inwholesale and reserve electricity

markets





4.4 Residential DR to electricity price and investment in demand flexibility



4.5 Discussion and further work









5. CONCLUSIONS
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