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The electricity supply service
Penetration of RES
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Motivation Problem Methodology Advantages Concerns

Conclusions

The electricity supply service
Challenges introduced by RES

Adding the RES to the generation portfolio affects the quality of service
and power system operation because of:

o = | . . Thegeneration from RES
Stochasticity R AAVA \  cannot be planned in the
o/ same way as conventional
power plants.
Non-linearity The generation can follow

a non-linear trend.

Dynamics ~% P Different dynamics can

/ occur in space and time.
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The electricity supply service
Consequences for the AS

This is particularly affecting the 0 0
provision of the ancillary services:

Congestion management

Voltage control
Balancing
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The electricity supply service
Exploiting the energy flexibility

Flexible resources EI'MBH\
— P
Flexible loads, storage and generation can adapt their behaviour Q’

according to the necessity of the grid. m

They need to be coordinated in a fast and efficient manner in order to be
valuable.

Integrated energy systems

Integrating the energy system might provide extra flexibility.

9 b0
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Today it is still missing the policies and
operational schemes to allow such implementation.
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Coordinating flexible resources
Different approaches

Ditferent possibilities can be investigated for the coordination of the
flexible resources:

Market- based approach Control- based approach
Enﬁ \E”ergy sI,E hrega;m\?ér?y
Ao R R PR 7 ? Su/ \Sub

| : i Controller | | Controller | | Controller |!
| 5555 |

I sl - . IIIIII

P'_f??t_ff?“}r?l JL_ ndrectConvol
Market operation is intended all the Control problem is formulated at
way down to the prosumers’ level. the prosumers’ level.
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000

Coordinating flexible resources
Market-based approach

The market-based approach consists of:

Market

/\

Energy
Supplier

VPP VPP Energy
Supplier

I | eA ?
PA PA

ZANC ] GA

R A A

However, such approach raises several

concerns due to the fact that the AS market ~ Static
provisioned in this approach is:

I. Aggregating DERs through >
the support of an agent.

" Formulating bids to submit
. to the market.

. Deterministic
Linear
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Coordinating flexible resources

The electricity price
The wholesale electricity price

s flexible and changes sulb-

= hourly.
& : ><
o | .
| ',['[H]' = Q [MW]
The retall electricity price is
For the retail price there is no = flxed by the ut|I|ty
flexibility and the prosumers do = =t A
not consider the condition of N PR S SO % "
the grid in their actions. A
t [h] t[h]

It is fundamental to reconsider the formulation of the retail electricity
price to exploit the price responsiveness of the flexible energy resources.
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Coordinating flexible resources
Control-based approach

The control-based approach is formulated in two steps:

| A control problem at the sub- s
aggregator level, to determine the / \
appropriate Control (Price) signal to | s Aggregator S

address ancillary services Issues. / \

Sub Sub
Aggregator Aggregator

Controller Controller Controller

SSH |

A model-predictive control at the
consumer's level acting upon
". receiving the control signal.

I sl . . IIIIII

Indirect Control
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_Direct Control y
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Proposed methodology
Control-based methodology

N

min E[Z wj,kH,é‘k — Zf,nefyk
k=0

s.b. Zp+1 = f(pr)

|+ pllpr — Pregal]

Sub-Aggregator | Aggregated Loads

—l—» P Adv. U, Yq
- Ps| Regulator —+» Controller — DER 1
i IE Adv. |"2 DER 2 Yo

z ~["|Controller| _>®
- d . i uj Y

.~ ,| Estimator |« L[ Adv. * DER 4

: . |Controller
A
. E N

N J
We adopt a control-based min B[S (0 w0
approach where the price k=0 j=1
s.t. xpy1 = Az + Bug + Ed,

becomes the driver to manipulate

. . yr = Cy,
the behaviour of a certain pool Y < g < e

max

upg"" < up < uy,

flexible prosumers.



Methodology

Proposed methodology
Structures for the electricity price

oo [ Current structure j_ - _[ Proposed structure ]_ :
I I | I
| | = |
| Market «— TSO : | Market ¢----""-- > éi >< |
I - | S |
| .. L P(¢) ifpl(s’t) |
| R | * Freqg. Reg. |
| P(t) a}>< - TS0, Con. man. '
: v Q [MW] : :P2(37t) APs(s,1) :
| Utility o BRP |+ Balancing |
I I | I
| TS L IP3(s,t)| APs(s,t |
| .. | 5(s,1)] APs(s,1) oso |t Vol Reg.
I I I
| | * Con. man.
I I I
I I I
I I I
I I I
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Proposed methodology
Formulatlng the delta -prices

Understandmg how the consumer -

reacts according to the price \: -
: _ldentifying the

Model ) oy
e ode b Feccton delta prices .
P i Infrastructure || ) AP ( ) ;
" Objective. Prosumers \A
l | CB A —} Prlce

function - model
. Runmng the opt|m|sat|on

problem including the
operaﬂonal Constramts

Defining the Challenges
~of the grid and the
~ Oobjective to provide as
“ancillary services.
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Main advantages of the proposed methodology

Several advantages can be identified for such methodology:

It takes into account stochasticity, non-linearity and dynamics.
It is able to solve all the ancillary services’ problems in one set.

It exploits the potential of flexible resources at the prosumers’ level
of any size.

1t is fast and fully automated at different levels.

't facilitates the integration of the different energy carriers.

COST-TD1207 March 291 2017

14/17



Motivation Problem Methodology Advantages Concerns Conclusions

Main concerns to be addressed

However, some concerns still need to be addressed:

Model identification Competing delta-prices

How to deal with different delta-prices
that intend to achieve opposite
objectives?

How to identity a reliable model of
the prosumers?

e Simulations

e Historical data

e« Smart meters

« EMPC controllers

* Ditferent space- time

* Priority of services (frequency)
through the use of indices

e Simulations to study stability
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Conclusions

We present a control based-approach to solve the ancillary services
problem in smart grids.

Such methodology is able to solve all the problems in one set, taking
iInto account stochasticity, non linearity and dynamics.

We also suggest a change in the formulation of the retail electricity
price, generating delta-prices that can replace the AS market.

Future simulations will test the stability of the method.
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