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Engaging the energy flexibility
Consumers’ behaviour

In order to guarantee the electricity reserve, the system operator must quantify the
aggregated flexibility that can be achieved from the electricity consumers.

Two-way communication One-way communication

|
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A

2}
Transactive energy exploits a feedback A one-way communication fastens the
to know the reaction of the consumers to process, however it is fundamental to
prices. It requires significant understand the consumers'
infrastructure and might perform slowly. behaviour and their price response.
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Estimating the available flexibility
Assumptions

How can we estimate the consumers’ behaviour at the TSO level?
We assume:

- Time- varying electricity prices
are submitted to the consumers.

- Consumers are equipped x

with energy management
o 1 @

systems.
The consumers’ response is statistically modelled, knowing:

(

The composition of the aggregated pool of consumers.

(

The aggregated measurements for each load category.
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Consumﬁers’ model

Estimating the available flexibility
The model

We approach a cost minimisation that considers the perspective of the consumers:

-
J
. base u d base o u
min Z(A + AN + AN zl (L) + Ly ;- L)
Li o t=1 i=

(5a)
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Estimating the available flexibility
The model

We approach a cost minimisation that considers the perspective of the consumers:

-

min Z(a\bm AN +AN]) 3 (L5 + Ly - L)
Ly; &= = | |

. . (Sa)
where the constraints include:

The magnitude of the flexibility provision

8.t. -1y S Lija- Ly <rf Vi, j (5b)
0< Ly, <up (L -L2)ay; vt,j (5¢)
: base i .
0< Ly <u (L5 - Ly )ag; vt (5d)
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Estimating the available flexibility
The model

We approach a cost minimisation that considers the perspective of the consumers:

-

J
min Z(a\"m AN AN Y (L5 + Ly - L)

. . (Sa)
where the constraints include:

The magnitude of the flexibility provision The duration of the flexibility provision

l’f’dn

s.t. -ri SL:—-Li;<rs Vt,j 5b - o . .

S J ; l,,l+ll t,y) = .ll l »J ( ) Z “;x"j 2_(_1_, y;f’, th € \I’.J (5])
0< L, <ul (L - Lp)al, Ve (S0
_ s : . ‘+d

() < LY. < . Ll):‘\'.st. _ [ min)qu Vt.J (Sd) L 2 N N )

l'J lv,l( t‘J le ) va ’ z 31.,j' 2 .Ul"’ vt' v \I’\J (Sk)

t=t’
—d —u
t'e\Il,t':[(t+dj <7)n(t+d; <T)] (51)
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Estimating the available flexibility
The model

We approach a cost minimisation that considers the perspective of the consumers:

-

min Z(a\"m AN+ AN) D (LY + Ly - L)

_ _ (5a)
where the constraints include:

The magnitude of the flexibility provision The duration of the flexibility provision

l"f'dn
gt Y LY. LY <™ x| a, N ‘ .
8.t ; rJ ; Ll,,l+ll Ll'.J - r.ll' | l Vt-] (Sb) Z “;x"j > Q, !/;}'I th € \II.J (5_])
0<Ly;< u;'j(L;"f;"‘ - L,’:f")a;“j Vt, (5¢) f:i',
0< LY < u Lb;.‘-‘qc B Llllill u V. q 5d ted
fy Syl - Lig"Jaly VhT GO NETEIE Vilew,j (5K
t=t!
—d —1u
The rebound effect few s [(t+dj <r)n(t+d; <7)] (51)
- d u - .
213 (Li,; - Li;)=0 V) (Se)
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Estimating the available flexibility
The model

We approach a cost minimisation that considers the perspective of the consumers:

_
min Z(z\"m AN +AN) Y (Lo + Ly - L)
Ly; &= =l | |

_ _ (5a)
where the constraints include:

The magnitude of the flexibility provision The duration of the flexibility provision

st —rS<LO,, - L& <0 vij  (5b) ‘Y P v ew s 0
0< Li; <up (L - Lp5e)ag, ¥t.j (5¢) i
~ u u ase min\_u . t'ed”
0< Ly, <uf (LYY -LMYay, vt,j (5d) v Ze i 2 Y Vt'e W, (5k)
t=t!
The rebound effect t e W, 1 [(t+ d; <7)n(t+d; < T)] (51)
i (Le; - L{;)=0 V) (5e)

1

The activation times

T

RES v (5i)
=1
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Estimating the available flexibility
The model

We approach a cost minimisation that considers the perspective of the consumers:
min Almsc +AAU +AAd . Ll)i_\'sc + Ld - Lu )
L;tj tZI:( ! ! )lz_:_l ( L L LJ)

_ _ (5a)
where the constraints include:

The magnitude of the flexibility provision The duration of the flexibility provision

(¥ x (X x o l'f(i;‘
I e e A A w2 dSys VI ew, i (5)
0< Ly, <up (L -L2C)ay, vt ) (5¢) =
0< LY <y, Ll)i%ﬁ(}_Llllill O P d l'*d—';
< Lig < uig(Liy™ - Ly )ai; Vi.d b 2 2 U Vt'e W, ) (5k)
t=t’
The rebound effect t e w,z'z[(mT_,‘ <r)n(t+d; < T)] (51)
S(Ly; L) =0 vj (5e)
1 = "
The binary condition
The activation times ul sul <1 Vi, j (50)
2. Yy <nj vj (5i) Yj = %5 = g T M- vE (>¢)
t=1 Yo+ 2 <1 Vi, (5h)
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Estimating the available flexibility
The model

We approach a cost minimisation that considers the perspective of the consumers:

T
min Z(Alm.w +AA;1 +A/\;[) Z (L:).;M + L;ll B L;,,)
Ly &= =l | |

(5a)
where the constraints include:

The magnitude of the flexibility provision The duration of the flexibility provision

(x (x x (x I""(—l'l).
8.L. =T f Ly, :;l [:.’,.IXS r.il / | (5b) Z ug 5 2di Yy Vit'e W, g (5))
0< Ly, <uy (L™ - L )ay . Y. (5¢) e
() < Lu <yt le'sc_ L 5d Lad
< By s uis{Le” LR e oo RN Vi'eWw,j (5K
t=t’
The rebound effect tew s [(t+dy <r)n(t+d; <) (51)
> (Li; - Li;) =0 vj (e)
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The binary condition
The activation times il et <1 Vi, i (56)
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Dealing with the uncertainty
Consumers’ willingness

The consumers’ willingness to provide flexibility is modelled as an exponential
function:

a;;=0 AT < AT (2)

Y
o AXe-Ax p—
ag; = (M;_A_é) AX? <|AXZ[<AX; ()

_— — — — -\ l>|
>
<

S a%. = a° AN > AX; (4)

AN

where the parameters to formulate ai; depend on the different end-users’
categories.
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Dealing with the uncertai
Consumers’ willingness

Chance constrained Results Conclusions

o] Jejefe, OO O

nty

To account for the stochasticity and diversity of the consumes, these parameters

are treated as normally distributed:

(6]
a; ;

\_

AN

;=0 [AAT] < AX] (2)

Y
AXT-ANT —
A% - (M}_M}) AN <|AXZ[<AX;  (3)

al; =a7 [AXg| > AX, (4)

Such a choice is justified as several phenomena related to the human

behaviour follow normal distribution.
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Dealing with the uncertainty
Normality condition

The selection of y defines the different willingness of consumers to respond to
different price magnitudes.
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In this study, different values of y are considered and the normality of the
consumers’ willingness parameter is tested for each value.

It emerges graphically that the normality condition is not significantly affected by
the choice of y and we consider a value of 1.5 .
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Dealing with the uncertainty
Chance constrained programming

Chance constrained programming is applied to the constraints:

L. <u (L"“‘x me)at Vi, j
t.j tJ J 6
Li;<u (L ke L“““)a“ Vt, ] ©)

where a; af; are treated as random variables with normal distribution, a; af. :

d max base :
L, <uf (L= - Ly gat Yt o

a] -
Lu <u (L ase Lmln at] Vt,j

5.7_

The formulation can be written in a compact way:

A7 = ug (LT - L5)ay, (82)
u : ut (Lbase me)at,_y (8b)
LY; <AF; Vt,j (8¢)
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Dealing with the uncertainty
Chance constrained programming

The chance constrained condition imposes that:

Pr(Lf‘] < AY; ) B 9)
We define the standard score 2. :
Li; — e
Pr( -1 < za) > B (10a)
TAZ,
La . — M o
1- Pr( T za) >B (10b)
TAZ,

The final constraints are re-written as:

d d d m d d max base -
L7 ; < pgug ; (L -Lg5®) +oquf (LI -Ly5°) @' (11a)

L:{,J < l—l’aut,g Lbase Lmln)+0. (Lbase me)@ﬁ (11b)
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Results
Aggregated electricity flexibility

A Monte Carlo simulation is approached, investigating the available flexibility for
different price sets. The chance constrained program is solved for a risky and a
conservative security level.
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Results
Method validation

We validate the method, comparing the theoretical security levels with the
achieved level. Moreover, the additional value of adopting the chance constrained
program is quantified:
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Conclusions

We present a planning- based tool for estimating the flexibility achievable
from the electricity consumers at the transmission system operator level.

Such a method supports the system operator to understand the consumers’
behaviour, evaluating the flexibility for ditfferent types of consumers. It
facilitates to guarantee the electricity reserve for addressing ancillary services.
Aggregated measurements of different types of consumers are applied.

In order to handle the uncertainty of consumers’ behaviour, chance
constrained programming is used for the consumers’ willingness to provide
flexibility. Afterwards, the method is validated.

In the future, we will implement a stricter rebound in the model and evaluate
additional uncertainty of the consumers’ behaviour.
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