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Introduction

Introduction
Power system operation

Power system operation in the past

- Conventional generation units Almost predictable
- Passive consumers and controllable
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Introduction

Introduction
Power system operation

Power system operation today

- Renewable energy sources Stochastic and
- Active and dynamic consumers less controllable
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Introduction
Power system operation

Challenges for the power system operation

----------------------------------------------------------------------------------------------------------------------

2 Higher need of stability

3 Uncertainty in AS provision

1 Increasing complexity

| |

+ Stochasticity - Higher demand of - Operating under rated - International targets
* Non linearity ancillary services (AS) capacity - Denmark: Strategy
- Dynamics - Conventional generation 2050*
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Reliability in power systems
Ancillary services

Ancillary services
Type / Activation time

Ancillary services (AS) guarantee service continuity and
security from the distribution to the transmission level.

Local automatic
Seconds
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Frequenc .
d y regulation Minutes

.4-¥ regulation

Tertiary Manual
regulation Hours

Ancillary services provision
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A vVoltage

regulation .
2 Compulsory Bilateral
provision contracts

Tendering
process

AS spot market
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Leveraging consumers’ flexibility
Demand response

Demand response programs

In demand response (DR), consumers alter their
consumption according to the necessity of the grid.

Consumption

Time
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Ancillary services provision
Ancillary services 4.0

Ancillary services provision

Bilateral
contracts

Compulsory AS spot market
provision
Tendering
process
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Ancillary services provision
Ancillary services 4.0

AS4.0: core idea

-------------------------

Power system
operators
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Electricity
consumers
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1 Time varying prices 2 Adoption of controllers 3 One-way communication
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Ancillary services provision
Ancillary services 4.0

Required models for AS4.0

Three types of models are needed to formulate AS4.0.
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Ancillary services provision
Ancillary services 4.0

Required models for AS4.0 1 Power system control models

Three types of models are needed to formulate AS4.0.

Effect on Needed
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Required models for AS4.0 1 Power system control models

Three types of models are needed to formulate AS4.0.
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Required models for AS4.0

Three types of models are needed to formulate AS4.0.
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Power system control models
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Power system control models

~ Load frequency controller (LFC) /

-

Power flow (PF)

Distribution
system
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Power system control models
At the transmission level
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Power system control models
At the transmission level
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Aggregate consumers’ price response

1 1
Transmission " Distribution " Consumers’
system ! system " flexibility

External power

disturbance

L] 4 L] 4
n Models n
1! !
i . II II
5 Transmission system 1: |:

1 1
control model ! !

1

Consumers’ effective
flexibility response

Consumers’ price
response model

q Distribution system
C control model

Consumers’ price 1! | Consumers’ effective
response model flexibility response

EURO2019 June 2019 12



Introduction Power system reliability Demand response AS4.0 Conclusions

OO ®) O O0000O0O0O0 O

Ancillary services provision
Ancillary services 4.0

Aggregate consumers’ price response
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Aggregate consumers’ price response
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Aggregate consumers’ price response

Data can be used to model consumers’ reaction
toward prices.
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Aggregate consumers’ price response

Data can be used to model consumers’ reaction
toward prices.

Due to data scarcity, models are adopted.

Different models at transmission and distribution levels:

» Size
« Consumers’ composition
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Aggregate consumers’ price response At the transmission level

Data can be used to model consumers’ reaction Frequency is not Aggregate consumers’ flexibility
toward prices. a local issue

a Model

Due to data scarcity, models are adopted.

Different models at transmission and distribution levels:

» Size
« Consumers’ composition
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Aggregate consumers’ price response

Data can be used to model consumers’ reaction
toward prices.
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Aggregate consumers’ price response

Data can be used to model consumers’ reaction
toward prices.
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Aggregate consumers’ price response

Data can be used to model consumers’ reaction
toward prices.
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Aggregate consumers’ price response

Data can be used to model consumers’ reaction
toward prices.
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N\
I
 Rational consumers
| =
| « Time varying prices
I
L — _| ° LX) Cost
minimisation
Due tq
Comfort
Differ¢
. Siza a Ramping e Rebound
 Con — —
e Activation ° Flex duration

At the transmission level

Frequency is not
a local issue

Aggregate consumers’ flexibility

T J
min Y (AP AN+ AN D (LP3 + LY, - LY
tj  t=1 =1

. e [e% T «

d d max base\ .d .
0< L, <up (L™ - Ly5¢)ag; Vi,

u u base min) _ u .
0< Ly, <uy; (L5 - Ly )ay; Vi, j

Vi, j,«

(t—l)Rj+RJ
(LE . -Ly)=0 Vt:[teT,(tR;<7)],j
t'=(t-1)R;+1

d u .
Upj+ Uy <1 Vi, j
« a _ o« a .
Yt,j = %5 = U5~ Uy j Vt,j,a
(a3 (a3 .
yt=j + Zt7j s 1 Vt7 J)a

.

(a3 « .
t=1
t+g‘;‘

¥ up, 2 di, VO[T (4 d5 <Dl jia

el
t+dj

Z Zy i 2 Yy Vt:[teT,(t+Hj<7)],j,a
t'=t

June 2019




Ancillary services provision
Ancillary services 4.0

Aggregate consumers’ price response

Data can be used to model consumers’ reaction
toward prices.
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Aggregate consumers’ price response

Data can be used to model consumers’ reaction

toward prices.
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Aggregate consumers’ price response

Data can be used to model consumers’ reaction
toward prices.
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Aggregate consumers’ price response

Data can be used to model consumers’ reaction
toward prices.
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Aggregate consumers’ price response At the transmission level

Data can be used to model consumers’ reaction Frequency is not Aggregate consumers’ flexibility
toward prices. a local issue
—_—— e — — —
I a Model
I
| a Montecarlo simulation -« Aggregate flexibility
— N/
| N /Jm//\ﬁ/
~—L__
I ~ /mfv\“\n\ ~ q Neural network 1> « Time varying prices
| ne— S
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Due to data scarcity, models are adopted.

Different models at transmission and distribution levels:

» Size
« Consumers’ composition
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Aggregate consumers’ price response At the transmission level

Data can be used to model consumers’ reaction Frequency is not Aggregate consumers’ flexibility
toward prices. a local issue

Model

Montecarlo simulation — « Aggregate flexibility

Neural network

— + Time varying prices

At the distribution level

L — — — — — —
i Flexibll hD A
Due to data scarcity, models are adopted. , exiility at each DSO bus
Voltage is a local

)
000©

issue )
To make it scalable, we cluster DSO
Different models at transmission and distribution levels: buses
e Size £ . .
« Consumers’ composition Model |, * Electricity price

« consumers’ willingness

Pl controller — « Voltage deviation
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Simulations results

Frequency at the transmission level

Time and Maximum frequency
AS4.0 reduces the frequency deviation by around disturbance deviation, Hz
50% compared to the conventional method. injected,
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Simulations results

Voltage at the distribution level % ]
AS4.0 manages to mitigate the voltage issues at the =
DSO buses. 0.8
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50.2 ! . x
| | | s A\ f1 1 - =
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Concluding remarks
Conclusions and perspectives for future work

Conclusions Perspectives for future work

A new approach to AS provision based on: c

Modelling power system operation in a more realistic

. . . . i manner.
« time varying electricity prices

e one-way communication
» control techniques

Collecting high resolution data of consumers’ price-

It successfully handled the operational issues at TSO and responsiveness.
DSO level

Better performance than the conventional generation units-
based method
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